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1 Introduction

This document studies the resource allocation scheme on the DSCH, considering the requirements on multiplexing capabilities and the need to limit signalling overhead. Some changes are proposed for S2.01 and S2.21, based on this analysis. Changes related to the transport block size definition in S2.02 are also proposed for the DSCH.

2 Multiplexing capabilities on the DSCH

The scheduling and multiplexing of data on the DSCH may be performed in the time domain or in the code domain or in both.

From a radio perspective, a code multiplexing scheme permits to improve the performance of the downlink closed loop power control due to longer transmission times. It also leads to better interference statistics, because the transmitter power is averaged over several medium bit rate users per frame, instead of having peaks of power towards a single high bit rate user at each frame with a time multiplexing scheme. A code multiplexing scheme within a cod sub-tree also permits to size the DSCH dynamically, according to actual load conditions, and maybe to the transmitter power required by each user.

From a packet traffic perspective, a time multiplexing scheme permits to fully exploit the benefits of a fat pipe transmission. However, when considering data payloads on the DSCH, a pure time multiplexing scheme on a frame basis would lead to a very large payload with a DSCH entry point of SF=8 (this is even more critical when using a 20 or 40 ms TTI).

Considering both aspects, it can be concluded that a combined time/code multiplexing scheme is needed to get the optimal trade-off. However, the optimal configuration will depend on the source traffic characteristics, the required interleaving depth and the actual load conditions. It is thus difficult to predict the exact codes that will be used on the DSCH.

The signalling message for resource allocation on the DSCH must therefore permit to implement a flexible combined time/code multiplexing.

3 Resource allocation message

Resource allocation on the DSCH has to be signalled at each frame (or TTI) to all UEs which are receiving some data on the DSCH. For each ‘active UE’, the resource allocation message shall contain :

· The code used on the DSCH

· The structure of the Transport Block Set sent on each code

· The UE identification (for Case B only).

The size of the signalling message needs to be limited. Indeed there are only 6 to 10 bits available for TFCI in Case A, which may moreover have to be shared with signalling of other DCH. And there is no strict limit for the message size on the DSCH control channel, but a real need to limit the bit rate of that transport channel in order to reduce interference in downlink. The following sections evaluate signalling requirements for each field of the resource allocation message, with the objective to reduce its size.

3.1 Code allocation on the DSCH

It is proposed to allocate codes on the DSCH code sub-tree, in a relative way, according to the DSCH code entry point (as originally proposed by Nokia). If the entry point of the DSCH is a SF of 8, 5 bits are needed to allocate all codes in the sub-tree, as shown below.
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Figure 1 : Code allocation on the DSCH (Nokia proposal)
Moreover, it might not always be useful to allocate all codes in the sub-tree, especially when considering the multiplexing efficiency from a traffic point of view, which favours having a low number of active users with a low SF. This could permit to reduce the number of bits required to allocate codes on the DSCH (3 bits instead of 5 in case SF <= 32).

3.2 Transport Block Set indication

On DCH, the TFI indicates the dynamic part of the transport format at each TTI, i.e the TB size and TBS size. There are many possible transport format on the DSCH, when considering the different levels of spreading factors (5 levels according to Figure 1). However, since the code used on the DSCH may vary from frame to frame, it is possible to adapt the SF to the TBS size at each TTI, or vice versa. In this case the Transport Block Set size may be derived from the code used on the DSCH (which gives the SF) and from the Transport Block size. Moreover, if the Transport Block size was set as a semi-static parameter of the Transport Format, the Transport Block Set structure could be completely derived from the code used on the DSCH.

In order to reduce the signalling overhead on the DSCH, it is therefore proposed to define the Transport Block size on the DSCH as a semi-static parameter of the transport format, and to indicate the TBS structure through the code allocation field. The Transport blocks are MAC PDU built from RLC PDU by adding the MAC header. When a DTCH or a DCCH can be mapped on the DSCH, the RLC has therefore to build RLC PDU of a constant size (the same for all logical channels that can be mapped on the DSCH). Also, in order to make sure that the RLC PDU may be sent on the DSCH whatever is the code being allocated at each TTI, it is recommended to define small PDU sizes fitting in the highest spreading factor usable on the DSCH. In case a smallest spreading factor is used on the DSCH, several PDUs are transmitted per TTI.

3.3 UE identification

The UE ID used on the DSCH should permit to distinguish UEs that may receive data on each DSCH. The complete RNTI ID is not necessary for this, and a reduced ID could be allocated in each cell to each UE using the DSCH. A 6 or 7 bits UE ID should be sufficient, thus permitting to address 64 or 128 UEs on each DSCH. The temporary UE ID will be allocated at RAB establishment and changed at each handover.

4 Description of DSCH in S2.01

The current DSCH model in S20.1 does not represent very well the partitioning between MAC-sh and MAC-d, as well as the Case B option, for which a DL DCH is not required. The mapping of TFI and TFCI bits in Case A may also be better described. A modified Figure 16 is then proposed together with some explanatory text.

A few more editorial changes are also proposed.

5 TPC bits on the DSCH control channel

In S2.01, it is indicated that the support of TPC bits for each UE having an uplink DCH is ffs. Alcatel thinks that the support of TPC bits on the DSCH control channel shall be mandatory for UE having an uplink DCH without having any downlink DCH, in order to maintain a good operation of the uplink closed loop power control. The location of the TPC bits on the PSCCCH has also to be allocated at RAB establishment, together with the allocation of the temporary UE ID. Changes in S2.01 are also presented to reflect this proposal.

6 Change Proposal to S2.01

Changes are proposed in section 5.6.4.

5.6.4.1
DSCH definition

The DSCH is a resource that exists in downlink only. It has only impact on the physical and transport channel levels, so there is no definition of shared channel in the logical channels provided by MAC. 

The DSCH is a transport channel shared dynamically between several UEs. The DSCH is mapped to one or several physical channels such that a specified part of the downlink code tree is employed. For the DSCH no macrodiversity is applied, i.e. a specific DSCH is transmitted in a single cell only.

The following two DSCH cases are presently considered, in the following denoted as cases A and B:  

Case A: The DSCH is defined is an extension to DCH  transmission. DSCH related resource allocation is signalled utilizing the transport format indication field (TFI) that will be mapped to the TFCI of the associated DCH.

Case B: The DSCH is defined as a shared downlink channel for which resource allocation, including UE identification, is signalled on another common downlink channel, referred to as DSCH Control Channel. The DSCH control channel is supported on the PSCCCH (Physical Shared Common Control Channel) transport channel.
Note: For case B it is assumed that DSCH and DSCH Control Channel employ individual channelization codes each. Time multiplexing of  user data (DSCH) and  control information (DSCH Control Channel) is not considered. 

Note also that a third case of DSCH definition, where the DSCH was defined as a stand-alone channel providing in-band UE identification is not considered any more. This case has been identified as being equivalent to a FACH and is as such already included in the radio interface specification. 

Interleaving for the DSCH may be applied over a multiplicity of radio frames. Nevertheless, here the basic case is considered where the interleaving is rectangular for a given MAC PDU, and equal to one radio frame (10 ms). The framing is synchronised on the SCH.

In every radio frame, one or several codes can be used in the downlink. Therefore, the DSCH supports code multiplexing. MAC multiplexing shall not be applied within a radio frame, i.e. the whole radio frame for one code is assigned to a single UE. However, MAC multiplexing is allowed on a frame by frame basis, i.e. one code may be allocated to different UEs at each frame.
Transport blocks on the DSCH are of constant size, so that the Transport Block Set TBS may be derived from the code allocated to each UE on the DSCH.
5.6.4.2
Resource allocation and UE identification on DSCH

The principles of capacity allocation and UE identification on the DSCH are described in more detail below. 

[Editor’s note: The two resource allocation methods of the cases A and B might be used simultaneously for one DSCH, i.e. some UEs may use an associated  DSCH Control Channel and some UEs may use an associated DCH for resource allocation while transmitting data on the same DSCH. This option is ffs.]

5.6.4.2.1
Case A (UE requires a downlink TFCI  on a DPCCH)

The TFCI  of the dedicated physical channel may carry the information that a given code of the DSCH must be listened to by the UE.  Fast power control can be applied per code based on the dedicated physical control channel, DPCCH.

Alternatively, a UE may be requested on the DCH to listen to a DSCH for a given period of time, and to decode the data so that the address of the destination UE can be decoded. This does not require more TFCI values because signalling is done in layers 2 and 3.

5.6.4.2.2
Case B (UE requires a downlink DSCH Control Channel)

The information which DSCH code to listen to and when is sent on an additional downlink channel to the UE (essentially a broadcast channel). This channel, is referred to as DSCH Control Channel. It is code multiplexed on the downlink and should convey the following information, which is modified every radio frame:

· Layer 1 information

· TPC bits for each UE which would have an uplink DCH without downlink DCH . The location of TPC bits on the PSCCCH of each cell is allocated to each UE at RAB establishment and after each handover
· Channelisation code allocated to each UE indicated relatively to the DSCH code entry point 
· Layer 2 information

· Identity of the UEs who should receive information on the DSCH. A reduced UE ID is used to identify UE on the DSCH of each cell. This temporary ID is allocated at RAB establishment and after each handover.
This concept allows to perform power control on the DSCH, whereas the DSCH Control Channel would be less efficient in terms of power control efficiency (need to power control on the farthest UE).

[Editor’s note: It is considered ffs. whether the DSCH Control Channel requires a new type of transport channel or whether a specific FACH transport channel can be used for this purpose.]

5.6.4.3
Model of  DSCH in UTRAN

Figure 16 captures the working assumption on the Downlink Shared Channel (DSCH). The two RLCs point to logical channel (DTCH) specific RLC-entities of specific users while MAC refers to the provision of MAC sublayer functions for all users.

The MAC sublayer of a DSCH is split between the Controlling RNC and SRNC. For a given user, the RLC sublayer is terminated in its SRNC. Since Iur can support DSCH data streams, the users on that DSCH can depend on different SRNCs. For a given user, the Controlling RNC and the Serving RNC can be separate RNCs. The MAC in the network takes care of mapping downlink data either to a common channel (FACH, not shown in this figure), DCH or the DSCH. 

Figure 16 also includes the DSCH Control Channel, needed for case B of DSCH definition only.  See 3GPP RAN S2.21 [8] for details on MAC architecture.
In this example, the resource allocation on the DSCH is signalled on the DSCH control channel for UE1 and on the associated DCH for UE 2. This signalling information is prepared by MAC-sh in CRNC for UE1 and by MAC-d in SRNC for UE2, based on information from MAC-sh.

[Editor’s note: should the box “DSCH control channel” be moved to Node B and respectively the MAC pulled down to Node B?]
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Figure 16 : Model of downlink shared channel (DSCH) in UTRAN

7 Change proposal to S2.02

Changes are proposed in section 7.1.5

7.1.5
Transport Format 

This is defined as a format offered by L1 to MAC (and vice versa) for the delivery of a Transport Block Set during a Transmission Time Interval on a Transport Channel. The Transport Format constitutes of two parts – one dynamic part and one semi-static part. 

Attributes of the dynamic part are: 

· Transport Block Size (except for transport blocks on DSCH)
· Transport Block Set Size 

· Transmission Time Interval (option for TDD only)

Attributes of the semi-static part are:

· Transmission Time Interval (mandatory for FDD, optional for the dynamic part of TDD NRT bearers)

· Type of channel coding

· Outer coding  (e.g. Reed-Solomon)

· Outer interleaving (depth of the outer interleaving in radio frames)

· Inner coding 

· Inner interleaving (depth of the inner interleaving in radio frames)

· Rate matching

· Transport block size for transport blocks on the DSCH

8 Change proposals to S2.21

Changes are proposed in section 4.2.4. They have been performed on version 0.0.2 of S2.21.

Figure 4.2.4.4 shows the UTRAN side MAC-sh entity. The following functionality is covered:

· A reduced UE ID is needed  when using the DSCH Control Channel to identify the UE on the DSCH. This reduced UE ID, as well as the location of TPC bits on the DSCH Control Channel, are allocated at RAB establishment and changed at each handover. Additionally, some timing information is needed to tell the UE when to listen to DSCH.

· The scheduling box in MAC-sh shares the DSCH resources between the UEs.

· DL code allocation is used to indicate the code used on the DSCH, relatively to the code of the DSCH entry point. The Transport format is selected according to the allocated code and is automatically derived by the UE from the code being used, assuming a fixed transport block size. 
The RLC has to provide RLC-PDU’s to the MAC which fits into the available transport blocks on the transport channels respectively.
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Figure 4.2.4.4 UTRAN side MAC architecture / MAC-sh details (revised)
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