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1. Introduction
In the past RAN1 meetings, the use of network simulcast transmission and UE combining has been proposed for MBMS.  Three types of UE combining methods have been proposed, and they are listed below.

· Selective Combining (SC) at the RLC [1]
· Log Likelihood Ratio Combining (LLR) before the turbo decoder (symbol level) [2]
· Maximum Ration Combining (MRC) at the RAKE receiver (chip level) [3]
So far, SC has been agreed to be a mandatory UE functionality for Release-6 MBMS [4], and whether LLR and/or MRC are also to be mandatory is still an open issue.  The definition of MBMS UE capability is also an open issue, and the approach in defining the capability with LLR and/or MRC is still unclear as it involves simulcast synchronization level.
In this contribution, we intend to clarify the following issues.

· UE complexity of implementing soft combining functionality in addition to selective combining functionality

· Restrictions of soft combining with respect to MBMS time multiplexing
2. UE complexity of implementing soft combining functionality in addition to selective combining functionality
2.1. Chip level MRC at the RAKE receiver

In [3], it was proposed to extend the receiving window at the RAKE receiver for MBMS reception to about 5ms compared to the current requirement of +/- 148 chips for the DPCH, as power control timing is not an issue for MBMS.  In [5], however, the following comments are made.

· The buffer placed inside the RAKE receiver is distinct from the frame and TTI buffers

· If the window size is expanded, this additional buffer will be used only for MBMS, and would be idle for other services in 3GPP.

Considering these comments, implementing a RAKE receiver with expanded window size for MRC, together with selective combining functionality seems to be too costly.
2.2. Symbol level LLR before the turbo decoder

We analyze the UE buffering requirements for LLR in comparison to that of Selective Combining.  In doing so, combining over 2RLs is assumed.  The processing for Selective Combining and LLR is shown below in Figure 1.
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Figure 1 – UE Processing for Selective Combining and LLR Combining
As can be seen from the figure above, the required Frame Buffer (soft bits buffer) for LLR is the same with that of Selective Combining.  Also as in the figure above, the required Decoded Data Buffer (hard bits buffer) for LLR is less than that of Selective Combining by a factor of the RLs that are combined.  The required TTI buffer needs to be looked at more closely, as the simulcast timing difference is absorbed here for LLR combining.  In Figure 2 below, the required TTI buffer for LLR is shown with respect to the simulcast synchronization.  In Figure 2, Selective Combining and LLR Combining of 2RLs with 80ms TTI and a certain bit rate, with a timing difference of 1 TTI between the RLs are illustrated.  As can be seen in this figure, the required TTI buffer for LLR combining with 1 TTI timing difference is equivalent to that of Selective Combining with 2RLs to combine.  With this, the following observations is made.
· If an UE is capable of supporting selective combining of a certain radio bearer configuration (e.g. bit rate and TTI), that UE already has enough buffer to support LLR combining with a 1 TTI timing difference between the simulcast sites.
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Figure 2 – Required TTI buffer for Selective Combining and LLR Combining
2.3. Conclusion
From the above analyses, we conclude the following.

· As a Selective Combining capable UE would also be LLR capable, and since more gains can be obtained from  LLR, we propose to mandate implementation of soft combining for Release-6 MBMS UEs
· An UE capable of supporting selective combining of a certain radio bearer configuration (e.g. bit rate and TTI) over 2 RLs, then that UE is capable of supporting LLR with a 1 TTI timing difference between the simulcast sites.

· To clarify MBMS operational issues such as, the allowed simulcast timing difference and expected performances for soft combining, a reference soft combining configuration needs to be assumed.  In doing so, we propose to consider LLR as it is more tolerant to the simulcast timing difference compared to MRC.
3. Restrictions of soft combining with respect to MBMS time multiplexing

In order to enable soft combining of MBMS contents from neighbouring cells, the input to the turbo encoder at these cells must be the same [2].  However, for time multiplexed MBMS services, it is likely that this condition will not be satisfied as different MBMS services of various priorities may be delivered among different cells.  Even with time multiplexed MBMS, it may be possible to align data between different cells.  However, this will incur complexity and a loss of flexibility in MBMS time multiplexing.  Therefore, we propose the following.

· Soft combining (LLR or MRC) should be applied only for code multiplexed MBMS

· Selective combining  should be applied for time multiplexed MBMS

We recommend RAN WG1 to communicate these use cases to RAN WG4, as they need to working on specifying the performance requirements for MBMS. 
4.  Conclusion

In this contribution, we addressed UE complexity of implementing soft combining in addition to selective combining functionality, and also the restrictions of soft combining with respect to MBMS time multiplexing.  The conclusions we draw are summarize below.

· Soft combining should be mandated for Release-6 MBMS UEs, together with selective combining

· An UE capable of supporting selective combining of a certain radio bearer configuration (e.g. bit rate and TTI) over 2 RLs, then that UE is capable of supporting LLR with a 1 TTI timing difference between the simulcast sites.

· To clarify MBMS operational issues such as, the allowed simulcast timing difference and expected performances for soft combining, a reference configuration needs to be assumed.  In doing so, we propose to consider LLR combining as it is more tolerant to the simulcast timing difference compared to MRC.

· Soft combining should be applied only for code multiplexed MBMS services, and that selective combining should be applied for time multiplexed MBMS services.
We recommend RAN WG1 to communicate these aspects to RAN WG4, as these issues will need to considered when they specify the performance requirements for MBMS. 
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