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Foreword

This Technical Specification (TS) has been produced by the China Wireless Telecommunication Standard group (CWTS).

The contents of the present document are subject to continuing work within CWTS and may change following formal CWTS approval. Should CWTS modify the contents of the present document, it will be re-released by CWTS with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to CWTS for information;

2
presented to CWTS for approval;

3
or greater indicates CWTS approved release.

y
the second digit is incremented for changes of substance, i.e. technical enhancements, corrections, updates, etc., after approval by CWTS of new version within a given release.

z
the third digit is incremented when changes have been incorporated in the document prior approval by CWTS.

1
Scope

The present document provides the overall description for lower-layer functions of the TD-SCDMA Packet Radio Service (TD-PRS) radio interface (Uu).

The overall description provides the following information:

-
The services offered to higher-layer functions,

-
The distribution of required functions into functional groups,

-
A definition of the capabilities of each functional group,

-
Service primitives for each functional group, including a description of what services and information flows are to be provided, and

-
A model of operation for information flows within and between the functions.

The present document is applicable to the following TD-PRS Uu functional layers:

-
Radio Link Control functions,

-
Medium Access Control functions, and

-
Physical Link Control functions.

The present document describes the information transfer and control functions to be used across the radio (Uu) interface for communication between the UE and the Network, see Figure 1.

TSM 03.60 (3( describes the overall TD-PRS logical architecture and the TD-PRS functional layers above the Radio Link Control and Medium Access Control layer.

TS 24.007 [5] contains a description in general terms of the structured functions and procedures of this protocol and the relationship of this protocol with other layers and entities.

TSM 04.08 [6] contains the definition of TD-PRS RLC/MAC procedures when operating on the Common Control Channel (CCCH).

TSM 04.60 [7] contains the definition of RLC/MAC functions when operating on a Packet Data Physical Channel (PDPCH).

GSM 04.64 [8] contains functional procedures for the Logical Link Control (LLC) layer above the RLC/MAC.

TSM 05 and GSM 05 [10 ÷ 16] series defines the Physical Link layer and Physical RF layer.
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Figure 1: Scope of TD-PRS Logical Radio Interface Architecture

2
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3 Abbreviations, symbols and definitions

3.1
Abbreviations

In addition to abbreviations in TSM 01.04 [1] and TS 22.060 [2] the following abbreviations apply:

BCS
Block Check Sequence

BEC
Backward Error Correction

BH
Block Header

CS
Coding Scheme

CU
Cell Update

FH
Frame Header

GGSN
Gateway GPRS Support Node

LLC
Logical Link Control

MAC
Medium Access Control

NCH
Notification Channel (for PTM-M on CCCH)

NSS
Network and Switching Subsystem

PACCH
Packet Associated Control Channel

PC
Power Control

PCU
Packet Control Unit

PDPCH
Packet Data Physical Channel

PDTCH
Packet Data Traffic Channel

PDU
Protocol Data Unit

PL
Physical Link

PSI
Packet System Information

RLC
Radio Link Control

SGSN
Serving GPRS Support Node

SNDC
Subnetwork Dependent Convergence

TA
Timing Advance

TBF
Temporary Block Flow

TFI
Temporary Flow Identity

TS-SF
Time Slot State Flag

USF
User State Flag

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Gb
Interface between an SGSN and a BSC.

Uu
Interface between UE and packet fixed network part. The Uu interface is the packet network interface for providing packet data services over the radio to the UE.

3.3
Definitions

GPRS and TD-PRS specific definitions can be found respectively in TS 22.060 [2] and TSM 03.60 [3].

4
Packet data logical channels

NOTE: 
The text in this clause is informative. The normative text is in TSM 05.02 [10]. Where there is a conflict between these descriptions, the normative text has precedence.

4.1
General

This subclause describes the packet data logical channels, PDTCH and PACCH, that are supported by the radio subsystem.

The packet data logical channels are delivered as transport channel (PDCH) to the physical layer where are mapped onto the physical channels that are dedicated to packet data.

The physical channel dedicated to packet data traffic is called Packet Data Physical Channel (PDPCH). A PDCH can be activated on a single resource unit of the type RU16 or RU8 or on two combined resource units of the type RU16 each (see TSM 05.02 [10] for definitions). 

Two types of PDPCH are defined:

· Pilot-PDPCH (P-PDPCH):

It is univocally assigned to one UE only, requires continuous transmission so that, when no valid data are available for transmission, packet dummy control blocks shall be sent instead. It can be assigned both for downlink TBF and for uplink TBF. P-PDPCHs shall be assigned to a UE in duplex mode so that: when assigning a P-PDPCH for uplink (downlink) transmission, at least another P-PDPCH has to be set up in the opposite transmission direction. 

· Shared-PDPCH (S-PDPCH):

It can be assigned to one or several UEs sharing the same physical resources in the time domain. It can be assigned both with one phase or 2 phase packet access procedure. It does not require continuous transmission so that, when no valid MAC/RLC block has to be delivered, transmission can be suspended. It can be assigned both for downlink TBF and for uplink TBF.
Note:
Due to continuous transmission and the duplex assignment mode, P-PDPCHs can be used to perform Closed Loop Power control, Uplink Synchronisation Control (see TSM 05.08 [14]) as well as beam-forming coefficient estimation, for all (P/S-)PDPCHs assigned to a User Equipment.
4.2
Packet Traffic Channels
4.2.1
Packet Data Traffic Channel (PDTCH)

Packet Data Traffic CHannel (PDTCH) is a logical channel allocated for RLC data blocks transfer. 

PDTCH is temporarily dedicated to one UE or to a group of UEs in the PTM-M (Point To Multipoint-Multicast) case. In the multiresource operation, one UE may use multiple PDTCHs in parallel for individual packet transfer. All packet data traffic channels are uni-directional, either uplink (PDTCH/U), for a mobile originated packet transfer or downlink (PDTCH/D) for a mobile terminated packet transfer.

4.3
Packet Dedicated Control Channels

4.3.1
Packet Associated Control Channel (PACCH)

Packet Associated Control CHannel (PACCH) conveys signalling information related to a given UE (RLC/MAC control blocks). The signalling information includes e.g. acknowledgements, timing control and power control information. PACCH carries also resource assignment and reassignment messages, comprising the assignment of a capacity for PDTCH(s) and for further occurrences of PACCH.

The PACCH shares resources with PDTCHs, that are currently assigned to one UE. Additionally, a UE that is currently involved in packet transfer, can be paged for circuit switched services on PACCH (see TSM 04.60 [7]).

5
Mapping of packet data logical channels onto physical channels

NOTE: 
The text in this clause is informative. The normative text is in TSM 05.02 [10]. Where there is a conflict between these descriptions, the normative text has precedence.

5.1
General

Different packet data logical channels can occur on the same physical channel (i.e. on the PDPCH).

L2 (RLC/MAC) blocks are transferred on a PDPCH by means of radio blocks; L2 blocks are channel coded and interleaved and the resulting bits distributed on 4 bursts representing one radio block. The blocks which are transmitted on the PDPCH belong to one of the two logical channels: PDTCH or PACCH respectively. There is no fixed mapping of these logical channels on the blocks of a multiframe but it is decided dinamically by the layer 2 protocol (RLC/MAC in PCU) to which logical channel a radio block should belong.

The mapping of the radio blocks on to the physical channel shall be as defined in TSM 05.02 [10].

5.2
Packet Traffic Channels

5.2.1
Packet Data Traffic Channel (PDTCH)

One PDTCH can be mapped onto one or more PDPCH, depending on the used coding scheme and on the PDPCH spreading code (see TSM 05.02 [10] for definition). 

Up to sixteen PDPCHs, with different channelisation codes (at SF16 each), may be allocated to one UE at the same time on the same time slot.

5.2.2
Packet Associated Control Channel (PACCH)

PACCH is dynamically allocated on the block basis on the same physical channel as carrying PDTCHs.

PACCH is of bi-directional nature, i.e. it can be allocated both on the uplink and on the downlink regardless on whether the corresponding PDTCH assignment is for uplink or downlink.

In packet transfer mode, the user equipment shall attempt to decode every downlink RLC/MAC block on all assigned downlink (P/S-)PDCHs. Whenever the user equipment receives an RLC/MAC block containing an RLC/MAC control block, it shall attempt to interpret the message contained therein and, if the message addresses the user equipment (which is always the case for a P-PDCH), the UE shall act on the message.
When a packet connection includes P-PDCHs, uplink and downlink signalling bringing valid commands (i.e. except RLC/MAC Dummy Control blocks) shall be carried on P-PDCHs.

When a packet connection includes S-PDCHs only, the UE shall send a PACCH block on the network indicated block period, in case of Dynamic allocation, or in any uplink radio block allocated by the network via the ALLOCATION_BITMAP, in case of Fixed allocation.

5.3
Downlink resources

In downlink direction, several UEs can share the same resources of a S-PDPCH.

Different packet data logical channels can be multiplexed on the downlink on the same physical channel (i.e. on a P/S-PDPCH). See details in TSM 05.02 [10]. The type of message which is indicated in the radio block header allows differentiation between the logical channels. Additionally, the UE identity allows differentiation between PDTCHs and PACCHs assigned to different UEs.

5.4
Uplink resources

Different packet data logical channels can be multiplexed on the uplink of the same physical channel (i.e. on a P/S-PDPCH). See details in TSM 05.02 [10]. The type of message which is indicated in the radio block header, allows differentiation between the logical channels. Additionally, the UE identity allows differentiation between PDTCHs and PACCHs assigned to different UEs.

6
Radio Interface (Uu)

The logical architecture of the GPRS Uu interface can be described using a reference model consisting of functional layers as shown in Figure 2. Layering provides a mechanism for partitioning communications functions into manageable subsets.

Communication between the UE and the Network occurs at the Physical RF, Physical Link, Radio Link Control/Medium Access Control (RLC/MAC), Logical Link Control (LLC) and Subnetwork Dependent Convergence layers.

6.1
Radio Resource management principles

6.1.1
Allocation of resources for the TD-PRS

A cell supporting TD-PRS may allocate resources on one or several physical channels in order to support the TD-PRS traffic.Those physical channels can be shared by the TD-PRS UEs (i.e. S-PDPCHs) or can be univocally assigned to one UE only (i.e. P-PDPCHs), and are taken from the common pool of physical channels available in the cell. The allocation of physical channels to circuit switched services and TD-PRS is done dynamically according to the "capacity on demand" principles described below. This allows the operator to have capacity allocated specifically to TD-PRS in the cell only when a packet is to be transferred.

Common control signalling required by TD-PRS in the initial phase of the packet transfer is conveyed on CCCH (i.e. P/S-CCPCHs and RACH physical channel). 

6.1.1.1
Pilot and Shared PDPCH concept

In a packet switched connection one (duplex) Pilot-PDPCH, accommodates packet channels that carry both user data and dedicated signalling (i.e. PDTCH and PACCH). Other uni-directional PDPCHs, both pilot and shared packet channels, are used for both user data transfer and dedicated signalling.

6.1.1.2
Capacity on demand concept

The TD-PRS does not require permanently allocated PDPCHs. The allocation of capacity for TD-PRS can be based on the needs for actual packet transfers which is here referred to as the "capacity on demand" principle. The operator can, as well, decide to dedicate permanently or temporarily some physical resources (i.e. PDPCHs) for the TD-PRS traffic.

When the PDPCHs are congested due to the TD-PRS traffic load and more resources are available in the cell, the Network can allocate more physical channels as PDPCHs.

All TD-PRS attached UEs camp on the CCCH.

In response to a Channel Request sent on RACH from the UE that wants to transmit TD-PRS packets, the network can assign one P-PDCH or an uplink S-PDCHs, for the uplink transfer. After the transfer, the UE returns to CCCH. [6].

6.1.1.3
Procedures to support capacity on demand

The number of allocated PDPCHs in a cell can be increased or decreased according to demand. The following principles can be used for the allocation:

-
Load supervision:


A load supervision function may monitor the load of the PDPCHs and the number of allocated PDPCHs in a cell can be increased or decreased according to demand. Load supervision function may be implemented as a part of the Medium Access Control (MAC) functionality. The common channel allocation function located in BSC is used for the TD-SCDMA services.

-
Dynamic allocation of PDPCHs:


Unused channels can be allocated as PDPCHs to increase the overall quality of service for TD-PRS.


Upon resource demand for other services with higher priority, de-allocation of PDPCHs can take place.

6.1.1.4
Release of PDPCH

The fast release of PDPCH is an important feature for possibility to dynamically share the same pool of radio resources for packet and circuit-switched services.

There are the following possibilities:

· Wait for all the assignments to terminate on that PDPCH

· Individually notify all the users that have assignment on that PDPCH

· The network side has to send such notifications on PACCH(s) individually to each affected UE.

In practice, a combination of all the methods can be used.

There may occur the case where an UE remains unaware of the released PDPCH. In that case, such UE may cause some interference; however after not getting proper response from the network, the UE would self break the RLC connection. [7].

6.1.2
Multiframe structure for PDPCH

NOTE:
The text in this clause is informative. The normative text is in TSM 05.02 [10]. Where there is a conflict between these descriptions, the normative text has precedence.

The mapping in time of the logical channels is defined by a multiframe structure. The multiframe structure for PDPCH consists of 48 TDMA frames, divided into 12 blocks (of 4 frames each), according to Table 1 where Bi (x; .., x+3) represents the “i” mary block which is spread on radio frames x to (x+3). The description applies both for uplink and for downlink.

The following table shows the different mapping with the repeat length of 48 TDMA frame. The description is valid for uplink as well as for downlink.

Table 1: Mapping with the repeat length of 48 TDMA frames

	Channel Designation
	Subchannel Number
	Interleaved block TDMA frame mapping

	PDPCH
	0
	B0(0(3), B1(4(7), B2(8(11), B3(12(15), B4(16(19), B5(20(23), B6(24(27), B7(28(31), B8(32(35), B9(36(39), B10(40(43), B11(44(47)


6.1.3
Scheduling of BCCH information

A UE attached to TD-PRS is required to monitor BCCH for detecting all system information relevant for TD-PRS and some information relevant for circuit switched services (e.g. the access classes).

In order to facilitate the UE operation, the network is required to transmit certain types of Packet related System Information (PSI) messages in specific multiframes and specific BCCH blocks within the multiframes. The exact scheduling is in TSM 05.02 [10].

6.1.4
SMS cell broadcast

It should be possible for the UE to receive SMS-CB messages if attached to TD-PRS but is currently transmitting no packet data.
6.2
Radio Resource operating modes

Radio Resource (RR) management procedures are characterised by two different RR operating modes. Each mode describes a certain amount of functionality and information allocated. RR procedures and RR operating modes are specified in TS 24.007 [5].

6.2.1
Packet idle mode

In packet idle mode no Temporary Block Flow (see subclause 6.6.4.2) exists. Upper layers can require the transfer of a LLC PDU which, implicitly, may trigger the establishment of TBF and transition to packet transfer mode.

In packet idle mode, the UE listens to the BCCH and to the paging sub-channel for the paging group the UE belongs to in idle mode.

While operating in packet idle mode, a user equipment belonging to TD-PRS UE class A may simultaneously enter the different RR service modes defined in TSM 04.08 [6]. A user equipment belonging to either of TD-PRS UE class B or C leaves both packet idle mode and packet transfer modes before entering dedicated mode, group receive mode or group transmit mode.

6.2.2
Packet transfer mode

In packet transfer mode, the user equipment is allocated radio resources providing a Temporary Block Flow on one or more physical channels. Continuous transfer of one or more LLC PDUs is possible. Concurrent TBFs may be established in opposite directions. Transfer of LLC PDUs in RLC acknowledged or RLC unacknowledged mode is provided.

When selecting a new cell, the user equipment leaves the packet transfer mode, enters the packet idle mode where it switches to the new cell, read the system information and may then resume to packet transfer mode in the new cell.

While operating in packet transfer mode, a user equipment belonging to TD-PRS UE class A may simultaneously enter the different RR service modes defined in TSM 04.08 [6]. A user equipment belonging to either of TD-PRS UE class B or C leaves both packet idle mode and packet transfer modes before entering dedicated mode, group receive mode or group transmit mode.

6.2.3
Correspondence between Radio Resource operating modes and Mobility Management States

The Mobility Management states are defined in TSM 03.60 [3]. Table 2 provides the correspondence between Radio Resource states and Mobility Management states:

Table 2: Correspondence between RR operating modes and MM states

	Radio Resource BSS
	Packet transfer mode
	Measurement report reception
	No state
	No state

	Radio Resource UE
	Packet transfer mode
	Packet idle mode
	Packet idle mode

	Mobility Management

NSS and UE
	Ready
	Standby


Each state is protected by a timer. The timers run in the UE and in the network.

Packet transfer mode is guarded by RLC protocol timers.

6.3
Layered overview of radio interface

The TD-PRS radio interface can be modelled as a hierarchy of logical layers with specific functions. An example of such layering is shown in Figure 2. The various layers are briefly described in the following subclauses.

The physical layer has been separated into two distinct sub-layers defined by their functions:

-
Physical RF layer performs the modulation of the physical waveforms based on the sequence of bits received from the Physical Link layer. The Physical RF layer also demodulates received waveforms into a sequence of bits which are transferred to the Physical Link layer for interpretation.

-
Physical Link layer provides services for information transfer over a physical channel between the UE and the Network. These functions include data unit spreading, data unit framing, data coding, and the detection and correction of physical medium transmission errors. The Physical Link layer uses the services of the Physical RF layer.

The lower part of the data link layer is defined by following functions:

-
The RLC/MAC layer provides services for information transfer over the physical layer of the TD-PRS radio interface. These functions include backward error correction procedures enabled by the selective retransmission of erroneous blocks. The MAC function arbitrates access to the shared medium between a multitude of UEs and the Network. The RLC/MAC layer uses the services of the Physical Link layer. The layer above RLC/MAC (i.e., LLC described in TSM 03.60 (3( and defined in GSM 04.64 (8() uses the services of the RLC/MAC layer on the Uu interface.
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Figure 2: TD-PRS UE – Network Reference Model

6.4
Physical RF Layer

The TD-SCDMA Physical RF layer is defined in TSM and GSM 05 series recommendations, which specify among other things:

-
The carrier frequencies characteristics and TD-SCDMA radio channel structures (TSM 05.02 (10();

-
The modulation of the transmitted wave forms and the raw data rates of TD-SCDMA channels (TSM 05.04 (12(); and

-
The transmitter and receiver characteristics and performance requirements (TSM 05.05 (13().

6.5
Physical Link Layer

The Physical Link layer operates above the physical RF layer to provide a physical channel between the UE and the Network.

6.5.1
Layer Services

The purpose of the Physical Link layer is to convey information across the TD-SCDMA radio interface, including RLC/MAC information. The Physical Link layer supports multiple UEs sharing a single physical channel. 

The Physical Link layer provides communication between UEs and the Network.

The Physical Link layer control functions provide the services necessary to maintain communications capability over the physical radio channel between the Network and UEs. Radio subsystem link control procedures are currently specified in TSM 05.08 (14(. Network controlled handovers are not used in the TD-PRS service. UE performed cell-reselection is used, see subclause 6.5.6.

6.5.2
Layer Functions

The Physical Link layer is responsible for:

-
Forward Error Correction (FEC) coding, allowing the detection and correction of transmitted code words and the indication of uncorrectable code words. The coding schemes are described in subclause 6.5.5.

· Rectangular interleaving of one Radio Block over four bursts in consecutive radio frames, as specified in TSM 05.03 (11(.

-
Procedures for detecting physical link congestion.

The Physical Link layer control functions include:

-
Synchronisation procedures, including means for determining and adjusting the UE Timing Advance to correct for variances in propagation delay, TSM 05.10 (15(;

-
Monitoring and evaluation procedures for radio link signal quality;

-
Cell (re-)selection procedures;

-
Transmitter power control procedures; and

-
Battery power conservation procedures, e.g. Discontinuous Reception (DRX) procedures.

6.5.3
Service Primitives

Table 3 lists the service primitives provided by the Physical Link layer to RLC/MAC layer. More detailed description is given in TSM 04.04 [4].

Table 3: Service primitives provided by the Physical link layer

	Name
	Request
	Indication
	Response
	Confirm
	Comments

	PH-DATA
	X
	X
	
	
	Used to pass message units containing frames used for RLC/MAC layer respective peer-to-peer communications to and from the physical layer.

	PH-CONNECT
	
	X
	
	
	Used to indicate that the physical connection on the packet data physical channel has been established.

	PH-READY-TO-SEND
	X
	
	
	
	Used by the physical layer to trigger, if applicable, piggy backing, the start of timer for the RLC/MAC layer and the forwarding a data unit to the physical layer

	PH-EMPTY-FRAME
	X
	
	
	
	Used by the RLC/MAC layer to indicate that no frame has to be transmitted after receiving the PH-READY-TO-SEND primitive


6.5.4
Radio Block Structure

Different Radio Block structures for data transfer and control message transfer purposes are defined. Radio Block consists of MAC Header, RLC Data Block or RLC/MAC Control Block. It is always carried by four bursts. For detailed definition of radio block structure, see TSM 04.60 [7].

MAC header contains control fields which are different for uplink and downlink directions. MAC header has constant length, 9 bits.

RLC header contains control fields which are different for uplink and downlink directions. RLC header has variable length.

RLC data field contains octets from one or more LLC PDUs.

Block Check Sequence (BCS) is used for error detection.

RLC/MAC Control message field contains one RLC/MAC control message.

6.5.5
Channel Coding

NOTE:
The text in this subclause is informative. The normative text is in TSM 05.03 (11(. Where there is a conflict between these descriptions, the normative text has precedence.

Four coding schemes CS-1, CS-2, CS-3 and CS-4 are defined for the Packet Data Logical Channels.All coding schemes are mandatory for the UEs. Only coding scheme CS 1 is mandatory for the network.

6.5.5.1
Channel coding for PDTCH

Four different coding schemes, CS-1, CS-2, CS-3 and CS-4 respectively, are defined for the Radio Blocks carrying RLC data blocks and two different modes, Mode 1 and Mode 2 respectively, for delivering data blocks can be applied. Mode 1 applies in case one resource unit of the type RU16 is used to deliver the data blocks, while Mode 2 applies in case two resource untis of the type RU16 each or one resource unit of the type RU8 is used instead.

Mode 2 shall be applied to delivery data blocks when CS-3 or CS-4 is used.

The RLC/MAC blocks carrying RLC data blocks have the following block size:

CS-1

185 bit

CS-2

265 bit

CS-3

453 bit

CS-4

637 bit

NOTE:
One single resource unit of the type RU16 can carry the payload of CS-1 or CS-2.

The first step of the coding procedure consists of pre-coding the MAC header control field with a block code of 3 parity bits);

The second step is to add a Block Check Sequence (BCS; 16 bits) for error detection.

The third step is to add 8 tail bits and a convolutional coding (half rate or one third rate, depending on the Mode) for error correction that is punctured to give the desired coding rate.

The details of the codes are shown in table 4, including:

-
the length of each field;

-
the number of coded bits (after adding tail bits and convolutional coding);

-
the number of punctured bits;

· the data rate, including the RLC header and RLC information.

Table 4: Coding parameters for the coding schemes

	Mode
	Scheme
	Rate Convolutional Encoder
	Code rates
	Radio Block including MAC header
	Puncturing rates

	Mode 1

(1 RU16)
	CS-1

CS-2
	1/2

1/2
	0.57

0.82
	185

265
	24 %

44 %

	Mode 2

(2 RU16 or 1 RU8)
	CS-1

CS-2

CS-3

CS-4
	1/3

1/3

½

operation not used
	0.29

0.42

0.69

0.97
	185

265

453

637
	3 %

25 %

32 %

operation not used


In order to simplify the decoding, the stealing bits (defined in TSM 05.03 (11() of the block are used to indicate the actual coding scheme.

A detailed description of the coding schemes is reported in TSM 05.03 [11].

6.5.5.2
Channel coding for PACCH

The channel coding for the PACCH is the same as the coding scheme CS-1 presented in subclause 6.5.5.1.

6.5.6
Cell Re-selection

NOTE:
The text in this subclause is informative. The normative text is in TSM 03.22 [16] and TSM 05.08 [14]. Where there is a conflict between these descriptions, the normative text has precedence.

In TD-PRS Packet Idle and Packet Transfer modes, cell re-selection can be performed by the UE or determined by the network.

The new cell re-selection criteria C31 and C32 are provided (see TSM 05.08[14] for details). C31 is a signal strength criterion used to decide whether prioritised cell re-selection shall be used. For cells that fulfil the C31 criterion, the cell with highest priority class shall be selected. If more than one cell has the highest priority, the one of those with the highest C32 value shall be selected. If no cell fulfils the C31 criterion, the one among all cells with the highest C32 value shall be selected.

C32 is an improvement of C2. It applies an individual offset and hysteresis value to each pair of cells, as well as the same temporary offsets as for C2. Additional hysteresis values apply for a cell re-selection that requires cell or routing area update.
In addition, the network may control the cell re-selection as described in subclause 6.5.6.3.

6.5.6.1
Measurements for Cell Re-selection

The UE shall measure the received RF signal strength from the serving and from the neighbouring cells, and calculate the received level average (RLA) for each cell, as specified in TSM 05.08 [14]. In addition the UE shall verify the Cell Identity (CIC for a TD-SCDMA cell, BSIC for a GSM cell) (see TSM 05.02 [10] for definition) of the cells. Only the cells which are broadcast on BCCH from the serving cell shall be considered for re-selection.

When the number of downlink PDPCHs assigned to certain types of multiresource UE (see TSM 05.02 [10], annex B) does not allow them to perform measurements within the TDMA frame, the network shall provide measurement windows to ensure that the UE can perform a required number of measurements. The network shall provide periods of inactivity during a packet connection to allow the UE to make adjacent cell power measurements and Cell Identity (CIC for a TD-SCDMA cell, BSIC for a GSM cell) detection.

6.5.6.2
Broadcast Information

The BCCH broadcasts cell re-selection parameters for serving cell, including the neighbouring cell list. The list identifies the neighbour cells, including their Cell Identities (CIC for a TD-SCDMA cell, BSIC for a GSM cell), that shall be considered for cell re-selection (not necessary the same as for the Idle or Transfer circuit switched mode).
6.5.6.3
Optional measurement reports and network controlled cell re-selection

It shall be possible for the network to order the user equipments to send measurement reports to the network and to suspend its normal cell re-selection, and instead to accept decisions from the network. This applies to both Packet idle mode and Packet transfer mode.

The degree to which the user equipment shall resign its radio network control shall be variable, and be ordered in detail by the parameter NETWORK_CONTROL_ORDER [15].

Two sets of parameters are broadcast on BCCH and are valid in Packet transfer and Packet idle modes respectively. NETWORK_CONTROL_ORDER can also be sent individually to a UE on PACCH, in which case it overrides the broadcast parameter.
Additionally, the network may request extended measurement reports from the UE and the reporting shall be maintained in packet idle mode. The reports may include interference measurements (see subclause 6.5.8.3.2). Measurement reports shall be sent individually from each UE as RLC transmissions. Situations may appear where the network controlled cell re-selection procedures (NC1 or NC2 modes of operation) should not be used:

· When a class A user equipment is simultaneously involved in a circuit switched service and in a TD-PRS transfer. In this case, handover for the circuit switched service has precedence over TD-PRS network controlled cell re-selection.

· When an UE is performing Anonymous Access, cell re-selection implying a change of Routeing Area results in the UE returning to the TD-PRS MM IDLE state, see TSM 03.60 [3]. Therefore, there might be cases where the network controlled cell re-selection would result in the Anonymous Access failing.

In that case, the UE shall stop sending measurement reports and ignore cell change orders.

6.5.7
Timing Advance

NOTE:
The text in this subclause is informative. The normative text is in TSM 04.60 [7] and TSM 05.10 [15]. Where there is a conflict between these descriptions, the normative text has precedence.

The timing advance procedure is used to derive the correct value for timing advance that the UE has to use for the uplink transmission of radio blocks.

The timing advance procedure comprises two parts:

-
initial timing advance estimation;

-
continuous timing advance update.

6.5.7.1
Initial timing advance estimation

The initial timing advance estimation is based on the Synchronisation Shift (SS) adjustment as received by UE from the network with the PHYSICAL INFORMATION, eventually corrected with the SS adjustment indication carried in the IMMEDIATE ASSIGNMENT message (see TSM 04.60 [7]). 

This value shall be used by the UE for the uplink transmissions until different indication is received by the network.

6.5.7.2
Continuous timing advance update

In packet transfer mode the UE shall maintain the timing alignment either through the uplink synchronisation control procedure as described in TSM 04.60 [7], if P-PDCHs are assigned, or following higher layer indications from the network.

The network can always explicitly command a given timing adjustment to the UE with a PACKET POWER CONTROL/TIMING CONTROL message.
6.5.8
Power control procedure

Power control shall be supported in order to improve the spectrum efficiency and to reduce the power consumption in the UE.

For the uplink, the UE shall follow a flexible power control algorithm, which the network can optimise through a set of parameters and/or commands. It can be used for both open loop and closed loop power control.

For the downlink, the power control is performed in the network. Therefore, there is no need to specify the actual algorithms, but information about the downlink performance is needed. Therefore the UEs have to transfer Channel Quality Reports to the network. Power control is not applicable to point-to-multipoint multicast services.

For the detailed specification of power control see TSM 05.08 [14].

6.5.8.1
UE output power

In packet transfer mode closed loop power control can be applied for the P-PDCHs, using the L1 symbols of the bursts as defined in TSM 05.08 [14]).

When S-PDCH resources are assigned, those S-PDCH resources which are co-located with an already active P-PDCH can exploit the closed loop power control procedure carried out for the P-PDCH resources otherwise, open loop power control shall apply (see TSM 05.08 [14]).
Open loop power control can be used when entering and in packet transfer mode; the UE can calculate the RF output power value, PCH, to be used on each assigned individual uplink PDPCH as follows:


PCH = min (RX_PL - PathLoss, PMAX)

where

RX_PL:
is the expected receive power level on the PDPCH as signalled by the network (e.g through the Uplink/Downlink Assignment message).

PathLoss:
is the pathloss measured by the UE towards the serving cell

PMAX 
is the maximum allowed output power in the cell.

All power values are expressed in dBm.

When accessing the cell on RACH, the RX_PL is signalled by the network through the PHYSICAL INFORMATION message.

The UE shall react to the power command indications recived by the network via higher layer messages. The network can always explicitly command a given transmit power level adjustment to the UE with the PACKET POWER CONTROL/TIMING CONTROL message.
6.5.8.2
Network output power 

On the PDPCH radio blocks, downlink power control may be used. Thus, a procedure may be implemented in the network to control the power of the downlink transmission based on the Channel Quality Reports.

When P-PDPCH resources are assigned, closed loop power control can be used in packet transfer mode using the L1 symbols of the bursts as defined in TSM 05.08 [14]).

The network shall ensure that the output power is sufficient for the UE for which the RLC block is intended, e.g. following the closed loop power commands as received from the UE on  P-PDPCH.

When S-PDPCH resources are assigned, closed loop power control can be used in packet transfer mode, as said above, only if time co-located P-PDPCH resource is assigned. If no P-PDPCH resource is active or for those S-PDPCH resources which are not time co-located with any active P-PDPCH resource, the network can apply open loop power control (see TSM 05.08 [14]).

6.5.8.3
Measurements at UE side

A procedure shall be implemented in the UE to monitor periodically the downlink Rx signal level and quality from its serving cell.

6.5.8.3.1
Deriving the pathloss value

This subclause comprises information about how the UE can derive the pathloss value in the power control equation reported in subclause 6.5.8.1.

The UE shall periodically measure the received signal strength.

In packet idle mode, the UE shall measure the signal strength of the BCCH.

In packet transfer mode, the UE shall measure the signal strength on BCCH. The same measurements as for cell re-selection are used (see 6.5.6.1.). Alternatively, if indicated by the network, the UE shall measure the signal strength on one of the assigned PDPCHs. This method is suitable in the case where BCCH is in another frequency than the used PDPCHs and requires that constant output power is used for the reference downlink PDPCHs.

The UE shall measure the signal strength of each radio block monitored by the UE. The pathloss value is achieved by filtering the signal strength with a running average filter and subtracting the obtained value from the signal power level as transmitted by the network on that specfic physical channel selected for the purpose; therefore an estimation of the pathloss requires that network transmit power level be known at the UE. The filtering shall normally be continuous between the packet modes. The different filter parameters for the packet modes are broadcast on BCCH.

6.5.8.3.2
Derivation of Channel Quality Report

In packet transfer mode, the UE shall measure the the average Signal to Interference Ratio (SIR) on all the active downlink time slots and the average Transport Channel Block Error Rate (TrCH_BLER) on the assigned P-PDCHs if any.

In packet idle mode, the UE can measure the interference signal strength on all possible downlink time slots following the indications signalled by the serving cell on BCCH. If such indication is not signalled by the network, the UE shall not perform these measurements.

Some of the idle time slots shall be used for this, while the others are required for Cell identification and monitoring, see subclause 6.5.9.

The UE may not be capable of measuring all requested time slots forsome configurations of the allocated channels. The UE shall measure as many time slots as it is allowed, considering its multiresource capability.

The interference, (CH, is achieved by filtering the measured interference in a running average filter. The filtering shall be continuous between the packet modes for channels measured in both modes. The different filter parameters for the packet modes are broadcast on BCCH.

In packet transfer mode the UE shall transfer the Channel Quality Report included in the PACKET DOWNLINK ACK/NACK message.

6.5.8.4
Measurements at BSS side

A procedure shall be implemented in the BSS to monitor the uplink Rx signal level and quality on each uplink PDPCH, active as well as inactive.

The BSS shall also measure the Rx signal level and the quality of a specific UE packet transfer.

6.5.9
Scheduling the UE activities during the idle time slots

The UE shall use the idle time slots of the radio frame for the following tasks:


Cell Identity (CIC for a TD-SCDMA cell, BSIC for a GSM cell) identification for cell re-selection (6.5.6.1)

-
Interference measurements for power control (6.5.8.3.2)

It is not necessary to exactly specify the scheduling of these tasks.

The UE shall schedule the Cell Identity (CIC for a TD-SCDMA cell, BSIC for a GSM cell) identification as efficiently as possible, using the idle time slots and also considering the requirements for interference measurements. When the UE is synchronised to a cell, it knows its frame and multiframe timings. Therefore, only a few certain frames are required for Cell Identity (CIC for a TD-SCDMA cell, BSIC for a GSM cell) identification. In those frames it may also be possible to make measurements on some channels. When the UE shall synchronise to a new cell, it has to prioritise that task.

6.5.10
Discontinuous Reception (DRX)

NOTE:
The text in this subclause is informative. The normative text is in TSM 05.02 [10]. Where there is a conflict between these descriptions, the normative text has precedence.

DRX (sleep mode) shall be supported when the UE is in Packet Idle mode. DRX is independent from MM states Ready and Standby.

Negotiation of DRX parameters is per UE. An UE may choose to use DRX or not together with some operating parameters. The following parameters are established:

· DRX/non-DRX indicator

It indicates whether the UE uses DRX or not.

· DRX period

A conditional parameter for UEs using DRX to determine the right paging group. The DRX period is defined by the parameter SPLIT_PG_CYCLE.

· Non-DRX timer

A conditional parameter for UEs using DRX to determine the time period within which the non-DRX mode is kept after leaving the Transfer state. The support for this feature is optional on the network side and the information about the maximum supported value for the timer in the cell is broadcast on BCCH.

An UE in DRX mode is required to monitor all PCH radio blocks corresponding to its paging groups as defined in TSM 05.02 [10].

Paging group definition based on SPLIT_PG_CYCLE is optional on CCCH for both network and UE. If not supported, the definition based on PG_MFRM shall be used. The parameters used to define the paging group for TD-PRS are shown in the Table 5, together with the corresponding circuit switched service parameters.

An UE in non-DRX mode is required to monitor all the BCCH radio blocks and all the PCH radio blocks from the P/S-CCPCH defined by its paging group (see TSM 05.02 [10]).

The UE may need to monitor also NCH in the case of PTM-M services.

NOTE:
Paging reorganisation may be supported in the same way as for circuit switched services.

Table 5: Parameters for DRX operation

	Parameter
	TD-PRS
	Corresponding circuit switched services parameters

	
	CCCH
	CCCH

	DRX period
	PG_MFRM *) SPLIT_PG_CYCLE [SI13] **)
	PG_MFRM

	Blocks not available for PCH per multiframe
	BLKS_RES
	BLKS_RES

	Number of physical channels containing paging
	BS_CC_CHANS
	BS_CC_CHANS


*)
Only when DRX period split is not supported.

**)
Only when DRX period split is supported.

6.6
Medium Access Control and Radio Link Control Layer

The Medium Access Control (MAC) and Radio Link Control (RLC) layer operates above the Physical Link layer in the reference architecture. MAC/RLC layer messages and signalling procedures are defined in TSM 04.60 [7] and TSM 04.08 [6].

6.6.1
Layer Services

The MAC function defines the procedures that enable multiple UEs to share a common transmission medium, which may consist of several physical channels. The MAC function provides arbitration between multiple UEs attempting to transmit simultaneously and provides collision avoidance, detection and recovery procedures. The operations of the MAC function may allow a single UE to use several physical channels in parallel.

The RLC function defines the procedures for a bitmap selective retransmission of unsuccessfully delivered RLC Data Blocks.

The RCL/MAC function provides two modes of operation:

· unacknowledged operation; and

· acknowledged operation

6.6.2
Layer Functions

The TD-PRS MAC function is responsible for:

-
Providing efficient multiplexing of data and control signalling on both uplink and downlink, the control of which resides on the Network side. On the downlink, multiplexing is controlled by a scheduling mechanism. On the uplink, multiplexing is controlled by medium allocation to individual users (e.g., in response to service request).

-
For mobile originated channel access, contention resolution between channel access attempts, including collision detection and recovery.

-
For mobile terminated channel access, scheduling of access attempts, including queuing of packet accesses.

-
Priority handling.

The TD-PRS RLC function is responsible for:

-
Interface primitives allowing the transfer of Logical Link Control layer PDUs (LLC-PDU) between the LLC layer and the MAC function.

-
Segmentation and re-assembly of LLC-PDUs into RLC Data Blocks.

-
Backward Error Correction (BEC) procedures enabling the selective retransmission of uncorrectable code words.

NOTE:
The Block Check Sequence for error detection is provided by the Physical Link Layer.

6.6.3
Service Primitives

Table 6 lists the service primitives provided by the RLC/MAC layer to the upper layers:

Table 6: Service primitives provided by the RLC/MAC layer to the upper layers

	Name
	Request
	Indication
	Response
	Confirm
	Comments

	RLC/MAC-DATA
	x
	x
	
	
	used for the transfer of upper layer PDUs. Acknowledged mode of operation in RLC is used. The upper layer shall be able to request high transmission quality via a primitive parameter.

	RLC/MAC-UNITDATA
	x
	x
	
	
	used for the transfer of upper layer  PDUs. Unacknowledged mode of operation in RLC is used.

	RLC/MAC-STATUS
	
	x
	
	
	used to indicate that an error has occurred on the radio interface. The cause for the failure is indicated.


6.6.4
Model of Operation

Each PDPCH is a shared medium between one or multiple UEs and the Network.

The TD-PRS radio interface consists of asymmetric and independent uplink and downlink channels. The downlink carries transmissions from the network to one or multiple UEs and does not require contention arbitration. 

When uplink P-PDPCH channels are assigned, the uplink is univoquely assigned to one UE and does not require contention control procedures.

When uplink S-PDPCH channels are assigned, the uplink is shared among multiple UEs and requires contention control procedures.

The allocation of radio resources by the PLMN and the use of these resources by the UEs can be broken down into two parts:

-
The PLMN can allocate radio resources for the TD-PRS (uplink and downlink) in a symmetric or asymmetric manner.

-
The allocated uplink and downlink radio resources for point-to-point, point-to-multipoint multicast or group call service types are used independently of each other. Dependent allocation of uplink and downlink shall be possible, in order to allow simple UEs to transfer data simultaneously in both directions. Allocation of several PDPCHs for one UE is possible.

The Network Protocol Data Units (N-PDU) are segmented into the Subnetwork Protocol Data Units (SN-PDU) by the Subnetwork Dependent Convergence (SNDC) protocol and SN-PDUs are encapsulated into one or several LLC frames. See TSM 03.60 [3] for information on SNDC and LLC. The details on SNDC can be found in GSM 04.65 [9] and the details on LLC can be found in GSM 04.64 (8(. LLC frames are segmented into RLC Data Blocks. At the RLC/MAC layer, a selective ARQ protocol (including block numbering) between the UE and the Network provides retransmission of erroneous RLC Data Blocks. When a complete LLC frame is successfully transferred across the RLC layer, it is forwarded to the LLC layer.

6.6.4.1
User State Flag

The User State Flag (USF) is sent in a downlink RLC/MAC block of a S-PDCH to indicate which user equipment, from a number of UEs, is allowed to transmit at the next Radio block on an uplink S-PDCH. USF is used in dynamic medium access modes.

The USF comprises 3 bits of the MAC header of a Radio Block that is sent on a downlink S-PDCH. It enables the coding of 8 different USF states which are used to multiplex the uplink traffic.

USF values are used to reserve the uplink for different UEs. The USF points either to the next uplink Radio Block or the sequence of 4 uplink Radio Blocks starting with the next uplink Radio Block, depending on the value of the USF_GRANULARITY parameter.

6.6.4.2
Temporary Block Flow

A Temporary Block Flow (TBF) is a physical connection used by the two RR entities to support the unidirectional transfer of LLC PDUs on packet data physical channels.

The TBF is allocated radio resource on one or more PDPCHs and comprise a number of RLC/MAC blocks carrying one or more LLC PDUs. A TBF is temporary and is maintained only for the duration of the data transfer.

6.6.4.3
Temporary Flow Identity

Eeach TBF is assigned a Temporary Flow Identity (TFI) by the network. The assigned TFI is unique among concurrent TBFs in each direction and is used instead of the UE identity in the RLC/MAC layer. The TFI is assigned in a resource assignment message that precedes the transfer of LLC frames belonging to one TBF to/from the UE. The same TFI is included in every RLC header belonging to a particular TBF as well as in the control messages associated to the LLC frame transfer (e.g. acknowledgements) in order to address the peer RLC entities.

6.6.4.4
Medium Access modes

Being a P-PDPCHs univocally assigned to a single user, the medium access mode for these channels looks like that of a Dedicated Physical Channel in circuit switched connections; sub-channelling may also apply for P-PDPCHs (see TSM 04.60 [7]). For this release, only the first sub-channeling scheme (see TSM 04.60 [7]) will be supported by the UE and by the network.

For S-PDPCHs two medium access modes are supported:

-
Dynamic allocation; 

-
Fixed allocation;

For this release, the support of Dynamic or Fixed allocation for uplink PDCHs is optional both at the network and at the UE side. A UE compliant to this release which does not support either dynamic or static allocation for the uplink PDCHs, shall set the Establishment Cause field of the CHANNEL REQUEST message to “Packet Access, P-PDCH only supported in uplink direction” (see TSM 04.08 [6]). The network shall therefore assign only P-PDCHs in the uplink direction to that user equipment.

6.6.4.5
Acknowledged mode for RLC/MAC operation

The transfer of RLC Data Blocks in the acknowledged RLC/MAC mode is controlled by a selective ARQ mechanism coupled with the numbering of the RLC Data Blocks within one Temporary Block Flow.

The sending side (the UE or the network) transmits blocks within a window and the receiving side sends Packet Uplink Ack/Nack or Packet Downlink Ack/Nack message when needed. Every such message acknowledges all correctly received RLC Data Blocks up to an indicated block sequence number (BSN), thus “moving” the beginning of the sending window on the sending side. Additionally, the bitmap that starts at the same RLC Data Block is used to selectively request erroneously received RLC Data Blocks for retransmission. The sending side then retransmits the erroneous RLC Data Blocks, eventually resulting in further sliding the sending window.

The Packet Ack/Nack message does not include any change in the current assignment (and thus does not have to be acknowledged when sent on downlink). A missing Packet Ack/Nack is not critical and a new one can be issued whenever. In Packet Downlink Ack/Nack message, the UE may optionally initiate an uplink TBF. In Packet Uplink Ack/Nack message, the network can assign uplink resources for user equipment.

When receiving uplink data from an UE the network shall, based on erroneous blocks received from UE, allocate additional resources for retransmission.

The acknowledgement procedure of the LLC layer is not combined with the acknowledgement procedure on the underlying RLC/MAC layer.

6.6.4.6
Unacknowledged mode for RLC/MAC operation

The transfer of RLC Data Blocks in the unacknowledged RLC/MAC mode is controlled by the numbering of the RLC Data Blocks within one Temporary Block Flow and does not include any retransmissions. The receiving side extracts user data from the received RLC Data Blocks and attempts to preserve the user information length by replacing missing RLC Data Blocks by dummy information bits.

The same mechanism and message format for sending temporary acknowledgement messages is used as for acknowledged mode in order to convey the necessary control signalling (e.g. monitoring of channel quality for downlink channel or timing advance correction for uplink transfers). The fields for denoting the erroneous RLC blocks may be used as an additional measure for channel quality (i.e. parameter for link adaptation). The sending side (the UE or the network) transmits a number of radio blocks and then polls the receiving side to send an acknowledgement message. The Packet Uplink Ack/Nack and Packet Downlink Ack/Nack message does not include any change in the current assignment. A missing acknowledgement message is not critical and a new one can be obtained whenever. In Packet Downlink Ack/Nack message, the UE may optionally initiate an uplink TBF. In Packet Uplink Ack/Nack message, the network can assign uplink resources for a user equipment using fixed allocation.

6.6.4.7
Mobile Originated Packet Transfer

6.6.4.7.1
Uplink Access
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Figure 3: Access and allocation of Pilot or Shared resources, one or two phase respectively, for an uplink packet transfer

An UE initiates a packet transfer by making a Channel Request on the RACH; each Channel Request message being preceeded by the transmission of SYNC1 bursts till the detection of the relevant Physical Information message from the network. The UE shall report in the Establishment Cause field of the Channel Request message the requested kind of packet resources and RLC transfer mode. The network responds with an Immediate Assignment sent on any CCCH carried by the CCPCH associated to the RACH (see TSM 04.08 [6]). The network can assign Pilot or Shared resources, with one or two phase packet access procedure (see Figure 3).

If P-PDCHs are assigned, the network shall reply to the Channel Request with the Immediate Assignment message, assigning P-PDCH resources for uplink transfer of a number of Radio blocks. The assignment is done accordingly to the information about the requested resources that is comprised in the Channel Request. The UE shall send a Packet Access indicating the supported RLC mode. The network shall respond with a Packet Access Ack. If the RLC mode is acknowledged, the UE shall start sending RLC data blocks. If the RLC mode is unacknowledged the UE shall send a Packet Resource Request message.

If S-PDCHs are assigned with one phase packet access procedure, the network shall reply to the Channel Request with the Immediate Assignment message, assigning S-PDCH resources for uplink transfer of a number of Radio blocks. The assignment is done accordingly to the information about the requested resources that is comprised in the Channel Request. 

If S-PDCHs are assigned with two phaase packet access procedure, the network shall reply to the Channel Request with the Immediate Assignment message, assigining the uplink radio block for transmitting the Packet Resource Request. A two phase access can be initiated by the network or by the user equipment. The network can order the UE to send Packet Resource Request message by setting Single Block indication in the Immediate Assignment message. User equipment can require two phase access in the Channel Request message. In this case, the network may order UE to send Packet Resource Request message.

The Packet Resource Request message carries the complete description of the requested resources for the uplink transfer. 

If there is no response to the Channel Request within predefined time period, the UE makes a retry after a random backoff time.

On RACH, the same backoff algorithm as foreseen for circuit switched services shall be used.

6.6.4.7.2 Pilot allocation

6.6.4.7.2.1
Uplink Packet Transfer

The network may assign, in the IMMEDIATE ASSIGNMENT message, pilot resources to the UE. In this case the UE shall send a Packet Access indicating the supported RLC mode. The RLC mode shall be granted by the network in the Packet Access Ack message. When the network send and, respectively, the UE receives the Packet Access Ack, both in Acknowledge and Unacknowledge mode, they shall start the maintenance procedure (see TSM 04.60 [7]), that is the continuous transmission/reception on/from P-PDCHs. 

If the requested RLC mode is acknowledge, the UE, after receiving the Packet Access Ack message, shall start sending RLC data blocks with the extended RLC Header in order to include its TLLI value. At the detection of the PACKET UPLINK ACK/NACK message carrying the same TLLI value as used by the UE for sending the RLC blocks, from now onward, the UE shall send blocks without including the TLLI field.

If the requested RLC mode is unacknowledge, the UE shall send the PACKET RESOURCE REQUEST message. Through this message, the UE shall indicate its TLLI value in the TLLI field and the number of data octets it has to deliver for the TBF in the RLC_OCTET_COUNT field. The UE shall send RLC data blocks with the extended RLC header such that to include its TLLI value. At the detection of the PACKET UPLINK ASSIGNMENT message, or of the PACKET UPLINK ACK/NACK message, the UE shall assume the P-PDPCH procedure successful; from now onward, the UE shall send the remaining blocks if any without including TLLI field.
6.6.4.7.3
Dynamic allocation

6.6.4.7.3.1
Uplink Packet Transfer

The IMMEDIATE ASSIGNMENT message (in case of one phase contention resolution packet access) and the PACKET UPLINK ASSIGNMENT message (in case of two phase contention resolution packet access) contain the Dynamic Allocation structure which includes the list of S-PDCHs and the corresponding USF value. A unique TFI is allocated and is thereafter included in each RLC Data and Control Block related to that Temporary Block Flow. The UE monitors the allocated downlink PDCHs and transmits on the uplink S-PDCHs Radio blocks on those reserved for the usage of the UE.

If the current allocation is not sufficient, the UE may request additional resources. The network can repeat the allocation of radio resources by setting the parameter in the Packet Uplink Assignment message.

The number of blocks an UE requests in the initial and subsequent allocation request messages shall only account for the number of data and control blocks it intends to send. The UE shall not request additional blocks for the retransmission of erroneous blocks. 

The UE shall wait until the indicated TBF Starting Time if present, before starting any activity (receive or transmit) on the assigned physical resources. 

The selective ARQ operation for the acknowledged RLC/MAC mode is described in Subclause 6.6.4.5. The unacknowledged RLC/MAC mode operation is described in Subclause 6.6.4.6.

Figure 4 shows an example of message sequence for the uplink data transfer with one resource reallocation and possible RLC Data Block re-transmissions.
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Figure 4: An example of dynamic allocation uplink data transfer

6.6.4.7.4
Fixed allocation

The IMMEDIATE ASSIGNMENT message (in case of one phase contention resolution packet access) and the PACKET UPLINK ASSIGNMENT message (in case of two phase contention resolution packet access) contain the Fixed Allocation structure which includes a TBF Starting Time, an ALLOCATION_BITMAP field representing the uplink block periods during which transmission is allowed, the Time_Slot_State_Flag field which defines, for each block period indicated in the ALLOCATION_BITMAP, which timeslots are assigned as part of the ALLOCATION_BITMAP. 

The UE waits until the indicated TBF Starting Time and then transmits radio blocks on those blocks indicated in the block assignment bitmap. The fixed allocation does not include the USF and the UE is free to transmit on the uplink without monitoring the downlink for the USF. If the current allocation is not sufficient, the UE may request additional resources. A unique TFI is allocated and is thereafter included in each RLC data and control block related to that Temporary Block Flow. Because each Radio Block includes an identifier (TFI), all received Radio blocks are correctly associated with a particular LLC frame and a particular UE.

The number of blocks a UE requests in the initial and subsequent allocation request messages shall only account for the number of data and control blocks it intends to send. The UE shall not request additional blocks for the retransmission of erroneous blocks. The network can repeat the allocation of radio resources by setting the parameter in the Packet Uplink Assignment or the Packet Uplink Ack/Nack message.

The selective ARQ operation for the acknowledged RLC/MAC mode is described in Subclause 6.6.4.5. The unacknowledged RLC/MAC mode operation is described in Subclause 6.6.4.6.

6.6.4.7.5
Contention Resolution

Contention resolution is an important part of RLC/MAC protocol operation, especially because one channel allocation can be used to transfer a number of LLC frames. Contention resolution applies for both dynamic and fixed allocation medium access modes.

There are two basic access possibilities, one phase and two phase access as defined in Subclause 6.6.4.7.1.

The two phase access is inherently immune for possibility that two UEs can perceive the same channel allocation as their own. Namely the second access phase, the Packet Resource Request, uniquely identifies the UE by its TLLI. The same TLLI is included in the Packet Uplink Assignment/Packet Downlink Assignment and no mistake is possible.

The one phase access is somewhat insecure and an efficient contention resolution mechanism has to be introduced.

The first part of the solution is the identification of the UE. The identification of transmitting UE on the RLC/MAC level is necessary not only for contention resolution but also to be able to establish RLC protocol entity for that Temporary Block Flow on the network side. Additionally, the TLLI is necessary to be able to match simultaneous uplink and downlink packet transfers by taking into consideration multiresource capability of that UE.

In order to uniquely identify the UE when sending on uplink, the RLC Header for all the RLC Data Blocks on uplink is extended to include the TLLI until the contention resolution is completed on the UE side.

The second part of the solution is the notification from the network side about who owns the allocation. That is solved by the inclusion of the TLLI in the Packet Uplink Ack/Nack/Packet Downlink Ack/Nack. This message shall be sent in an early stage, even before the receive window for RLC/MAC protocol operation is full. By doing so, the contention is resolved after the first occurrence of Packet Ack/Nack. The possibility of RLC Data Blocks being captured from “wrong” UE, thus destroying the LLC frame, shall be covered for by retransmissions on the LLC layer.

6.6.4.7.6
Release of the Resources

The release of the resources is normally initiated from the UE by counting down the last couple of blocks.

For the normal release of resources for RLC connection carrying a mobile originated packet transfer, the mechanism based on acknowledged final Packet Uplink Ack/Nack combined with timers is used.

After the UE has sent its last RLC Data Block (indicated by the countdown field), the acknowledgement is expected from the network side. By sending the last block, the UE may no longer use the same assignment unless a negative acknowledgement arrives. It also means that the network side may reallocate the same resources to some other user as soon as all the RLC Data Blocks belonging to that Temporary Block Flow are correctly received; that regardless of the possible later errors in the acknowledgements.

The next step, in the case of all RLC Data Blocks being correctly received, is that the network sends Packet Uplink Ack/Nack which is to be immediately acknowledged by the UE in the reserved uplink block period. It must be possible for the network not to use the mechanism of acknowledgement for Packet Ack/Nack in which case the release of the resources procedure relies only on timers. The TBF and the resources can be reused for another assignment either upon the reception of the acknowledgement for Packet Ack/Nack or after expiry of the guard timer.

Further, the premature release or change of assignment for one UE can be initiated by the network. In the case of release, the UE is ordered to interrupt the Temporary Block Flow. The UE shall then reorganise the uplink buffer and issue a new Channel Request to continue the uplink transfer with the RLC Data Blocks containing untransferred (i.e. on the RLC/MAC layer unacknowledged) LLC frames. In the case of the change in assignment, the Packet Uplink Assignment or Packet Resource Reconfigure message is issued.

6.6.4.8
Mobile Terminated Packet Transfer

6.6.4.8.1
Packet Paging

The network initiates packet transfer to an UE that is in Standby state by sending a Packet Paging Request on the downlink PCH. The UE responds to the Packet Paging Request by initiating a procedure for page response. The RLC/MAC Packet Paging Response message contains TLLI, as well as a complete LLC frame including also TLLI (see Figure 5). An example of message sequence is described in Figure 5 below. After the Packet Paging Response, the mobility management state of the UE is Ready.
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Figure 5: Paging message sequence for Paging, downlink packet transfer

6.6.4.8.2
Downlink Packet Transfer

Transmission of a packet to an UE in the Ready state is initiated by the network using the Immediate Assignment message which is transmitted on CCPCH carrying the CCCH group of the addressed user equipment in any PCH block, if the UE is not in DRX mode, otherwise in a PCH block corresponding to the UE paging group (see TSM 04.08 [6]).  

The Immediate Assignment message includes a resource allocation that will be used for downlink transfer.

If the network assigns, for downlink packet transfer, P-PDCH resources, the UE shall proceed with the P-PDPCH packet access procedure according to TSM 04.60 [7]. The network can assign, in addition or in alternative to P-PDCHs, S-PDPCHs channel for downlink packet transfer.

The network sends the Radio blocks belonging to one Temporary Block Flow on downlink on the assigned downlink channels.

Multiplexing of the Radio blocks for different UEs on the same S-PDCH is enabled with a identifiers, e.g. USF and TFI, included in each Radio Block. The interruption of data transmission to one UE is possible.

The acknowledged (i.e. selective ARQ operation) and unacknowledged RLC/MAC mode operation is described in Subclauses 6.6.4.5 and 6.6.4.6. 

Figure 6 shows an example of message sequence for downlink data transfer with one resource reallocation and possible RLC Data Block re-transmissions.
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Figure 6: An example of downlink data transfer

6.6.4.8.3
Release of the Resources

The release of the resources is initiated by the network by terminating the downlink transfer sending the last data block and polling the UE for a final Packet Downlink Ack/Nack.

It is possible for the network to change the current downlink assignment by using the Packet Downlink Assignment or Packet Resource Reconfigure message.

The handling of TFI, TBF and resources is steered with the same timer that runs on both the UE and the network side after the last RLC Data Block is sent to the UE. When it expires, the current assignment becomes invalid for the UE and TFI, TBF and USF, if present, can be reused by the network. Further, upon the reception of the final Packet Downlink Ack/Nack from the UE, another timer is started on network side. When it expires, the current assignment becomes invalid for the UE and TFI, TBF, and USF, if present, can be reused by the network.

6.6.4.9
Simultaneous Uplink and Downlink Packet Transfer

During the ongoing uplink Temporary Block Flow, the UE continuously monitors the assigned downlinkPDCHs for possible occurrences of Packet Downlink Assignment or Packet Resource Reconfigure messages on PACCH (see Figure 6). The UE is therefore reachable for downlink packet transfers that can then be conveyed simultaneously on the PDCH(s) that respect the UE multiresource capability.

If the UE wants to send packets to the network during the ongoing downlink Temporary Block Flow, it can be indicated in the acknowledgement that is sent from the UE. By doing so, no explicit Channel Requests have to be sent to the network. Further, the network already has the knowledge of which PDCH(s) that particular UE is currently using so that the uplink resources can be assigned on those PDCH(s).

6.7
Abnormal cases in TD-PRS UE Ready State

The RLC/MAC error causes and procedures to handle these can be found in TSM 04.08 [6], TSM 04.60 [7] and TSM 05.08 [14].

6.8
PTM-M Data Transfer

NOTE:
The stage 3 specification for PTM-M data transfer is left for further phase of TD-PRS specification.

PTM-M data, in the form of individual LLC frames, is mapped into RLC/MAC-PTM_DATA primitive and distributed from SGSN to the BSS representing the cells that are defined by a geographical area parameter. To the cells concerned, the BSS for each PTM-M LLC frame:

· Optionally, sends a “PTM-M new message” indicator on all individual paging channels on CCCH. The indication refers to a PTM-M notification channel NCH on CCCH, where a notification for the new PTM-M message can be received.

· If the indicator option is not supported, or if an UE can not receive the indicator when expected, e.g. because the corresponding block in the multiframe structure is used for other purposes than paging, the UE must read the notification channel.

· Sends a PTM-M notification on NCH. The notification has the form of a Packet Resource Assignment for the PTM-M LLC frame. The notification includes a group identity IMGI, a unique LLC frame identifier (in the form of an N-PDU number together with a segment offset, see GSM 04.65 [9]) and an allocation of a TFI to be used in all RLC blocks of the LLC frame.
· Transmits the PTM-M LLC frame on the assigned downlink resources.
Transfer of PTM-M data is carried out without any ARQ on the RLC/MAC and LLC layers. Instead, each LLC frame is retransmitted a specified number of times. For each retransmission, the above procedure is performed. The PTM-M notification (resource assignment) includes the unique LLC frame identifier as in the first transmission but a new allocation of TFI.
An UE accumulates correctly received RLC blocks from each transmission to assemble an LLC frame.

A NCH may, if capacity allows, be used as a shared notification channel for PTM-M and Advanced Speech Call Items (ASCI).

An UE only interested in PTM-M needs to listen only to NCH.
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