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1. Introduction

The RAN1 document [1] contains a set of requirements for partial soft combining approach proposed in [2]. According to the document, these requirements if met do enable the UE to perform physical layer bit combining (e.g. RAKE and/or LLR) while at the same time enable the network to multiplex on a per TTI basis MTCH(s) which are cell specific with MTCH which can be combined from multiple cells on the same S-CCPCH (TDM approach).

This contribution discusses the feasibility of satisfying these requirements necessary to enable partial soft combining.
2. Discussion

According to [1], RNC may signal that soft combining of FACH from multiple cells can be performed in the UE if the following conditions are met from the physical layer perspective:

1. The time offset between transmissions of the same data on RLs that can be combined is known by the UE.  Pending verification from RAN3, RAN1 has a working assumption that the delay remains within 1 TTI + 1 slot ms.

2. The slot format used for the S-CCPCH RL that can be combined is the same.

3. All TFC in the TFCS only include one and only one TF with non zero value (multiple TF may still be defined for each TrCH; furthermore the TFS of each TrCH can be different)

4. The UE can derive based on the scheduling information whether the transport block(s) transmitted in a particular TTI can be combined or not.

5. In TTI for which the UE may combine transport blocks received from multiple cells, the TFC used across all cells transmitting data that can be combined shall be the same (i.e. physical channel bit combining shall be possible).

6. If the S-CCPCH slot format does not include TFCI bits, only one non zero transport block size shall be configured per transport channel.

7. If the S-CCPCH slot format does include TFCI bits, the UE is not expected to perform TFCI bit soft combining in radio frames corresponding to TTI during which the UE may combine multiple S-CCPCH RL.
8. UE relies only on the higher layer’s signalling to determine which frames to combine (i.e., the UE need not use TFCI to decide what to combine).

In practice these conditions lead to partial soft combining approach. In the following sections some open issues with partial soft combining are discussed.
2.1 Overview of UE operation with partial soft combining

Assuming that all transport channels that are multiplexed together with the FACH containing MTCHs have the same TTI, the UE has to do at least the following steps to enable partial soft combining:

1. Receive the higher layer signalling indicating which neighbouring cells can provide diversity radio links for a particular MTCH and whether the degree on synchronicity is sufficient for selective combining, partial soft combining or RAKE soft combining. (In [2] the required synchronicity is defined to be 1TTI+1slot for partial soft combining and 296 chips for RAKE combining of S-CCPCH clusters). 

2. Select the cells to be used as diversity sources and the used combining mode.  It is not clear what kind of combinations between selective, partial and RAKE soft combining should be allowed, but according to [2], radio links within a S-CCPCH cluster may always be combined, which seems to imply that (according to RAN1) RAKE combining can be mixed with both soft and selective combining.

3. Receive higher layer signalling indicating which frames to combine, including information, which cell is cell is the reference cell to the timing of the other cells or is the most advanced cell as presented in Figure 1. If this information is derived from the MBMS scheduling information signalling, there are new requirements for this that are discussed in Section 2.2. Furthermore, it is not clear how this information is depending on the selection of the cells for diversity radio links. The processing of this L1 combining reconfiguration is time-critical and thus it should be kept as simple as possible. To allow this there should be a requirement to make the L1 soft combining reconfiguration decision independent of the cell set used for diversity reception. This means in practice that the scheduling must be unified between the cells. 

4. Receive network indication in case some of the cells fell out-of-sync. It is not clear whether the diversity cell selection should be changed in such case or whether the combining mode is changed for that cell. Furthermore it not clear how this information is provided to the UE.

5. For each TTI (or frame?) configure the L1 for appropriate combining mode. The timing is critical here and thus the previous steps need to take place with a sufficient timing advance. This is discussed in Section 2.3.

6. Whenever necessary, configure RLC for selective combining. It is not clear, how dynamically this needs to be reconfigured.
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Figure 1: Possibilities between relative timing of the cells 

2.2 Issues on MBMS scheduling information signalling

In case the MBMS scheduling information signalling is used to determine which frames to combine at L1, the following issues need to be taken into account:

· The requirements for signalling robustness are increased

· The information needs to be delivered with a sufficient timing advance

· There needs to be an efficient way for recovering after scheduling information is received incorrectly e.g. due to incorrect soft combining.

· The MBMS scheduling information signalling may potentially be used to indicate out-of-sync conditions in some cells. The implications of this need to be analysed further.

The amount of issues to be considered is significant. In this contribution we discuss in detail the robustness requirement by analysing the impact of incorrect soft combining decisions.

With soft combining reconfiguration of L1, there are two types of decision errors possible: 

· Configuring L1 for soft combining of the main and diversity RLs during a TTI where diversity RL/RLs does/do not have the same physical channel bits, that is something else than soft-combinable MTCH is transmitted in diversity radio link(s) or the transmissions are out-of-sync. 
In this case the transport block is likely to be lost. This is a Type I decision error. The special case of this kind of error is when TTI, where the possible MSCH is transmitted, is soft combined incorrectly, and thus UE has no more correct scheduling information.

· Configuring L1 for not performing soft combining, even though the same MTCH is transmitted in diversity radio link(s) with sufficient synchronicity and the physical channel bits are the same. 
In this case the soft combining gain is not available for the particular transport block. This is a Type II decision error (miss)

Type I error causes a transport block to be lost (with a high probability). If the transport block contains data from MTCH (e.g. undetected out-of-sync diversity radio link) the result is just increased BLER. However, if the control data from MCCH/MSCH is incorrectly combined, the loss is potentially more severe. Thus an efficient error recovery mechanism for scheduling info loss due to incorrect soft combining is an essential requirement for the MBMS scheduling information signalling scheme.

Type II error (miss) eats away the gains from soft combining. RAN1 should be asked how large percentage of the soft-combinable transport blocks can be left uncombined before soft combining gain becomes insignificant. It should also be taken into account that soft combining may be at times impossible also due to other reasons than due to Type I decision error.
2.3 Issues with partial soft combining timing

Requirement 8 states that UE relies on higher layer signalling to determine the timing related to partial soft combining. The timing requirements for reconfiguring the L1 for soft combining when necessary have only been shortly discussed when preparing the liaison statement [3], where only the RRC message processing delay and physical layer reconfiguration delay in the UE was considered. In order for the UE to work properly the network has to inform the UE the scheduling information related to combining well (L1 delay+L3 delay+some marginal) in advance. When estimating how much in advance the network has to make the scheduling decision one needs to also take into account network. The feasibility analysis of using higher layer signalling for soft combining timing needs to take this into account. On the other hand, it needs to be specified, how much future scheduling information (which frames can be soft combined) the UE needs to keep in storage for each service.

3. Conclusion

Based on [1] and [2], the partial soft combining imposes many limitations in the MCCH/MTCH/MSCH multiplexing options. Furthermore, substantial time will needed for RAN2 and RAN3 to determine the impact of the partial soft combining and make the required changes to stage-2 specifications. Since this threatens to stall the MBMS specification progress, it is proposed that only selective combining is included in Rel’6 MBMS. If this is not seen feasible without further analysis on soft combining in RAN2, it is proposed that the following steps are taken to initiate the evaluation work:

· To be able to identify the robustness requirements for signalling, RAN1 should be asked how large percentage of the soft-combinable transport blocks can be left uncombined before soft combining gain becomes insignificant.
· If MBMS scheduling information signalling is considered to be used to determine the frames to be combined, the whole scheduling mechanism needs to be revised in the light of the new requirements

· The timing of the high-layer signalling used to determine the frames to be combined needs to be analysed in more detail

· The scheduling must be unified between the cells so that the decision whether to combine a particular frame at L1 or not is independent of the particular set of cells used for combining.

· A method to indicate that some cells are not within the synchronization accuracy required for RAKE/partial combining should be designed. The operation of the combining in such conditions should be defined.

· The allowed combinations of selective, partial and RAKE soft combining should be clearly defined
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