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1 Introduction

In current releases MBMS p-t-m transmission supports two types, i.e. selective combining and soft combining [1]. The soft combining has better performance than the selective combining when multiple MBMS p-t-m transmission streams are strictly synchronized. The soft combining is easily implemented by the RAKE receiver for FDD mode when Node-Bs are synchronized inside UE’s soft combining reception window.
In this contribution, an enhanced soft combination scheme is proposed. Moreover, it is suggested that the proposed soft combination can be integrated with Type 2 (LMMSE) and Type 3 receiver (LMMSE with 2 antennas Rx) to improve the spectrum efficiency of MBMS transmission in normal carrier.
2 Enhanced soft combination
The soft combining in essence is the MRC where each combination branch, i.e. each MBMS p-t-m transmission stream, can be separated by different downlink scrambling code. Since each MBMS p-t-m transmission stream from different cells is actually received separately during MRC soft combining, an enhanced soft combining similar to the mechanism used in HARQ can be performed to obtain better performance.
HARQ literature [2][3] have done many simulations to compare the performance of chase combination (MRC based) and incremental redundancy (IR). Simulation results [2] show that IR always works better than CC, whatever the initial coding rate and the propagation environment. In particular, partial IR outperforms chase combination when coding rate is intermediate, grossly between 1/3 and 2/3 or higher order modulation is used. 
Therefore, MRC based soft combining in MBMS p-t-m transmission can be enhanced by using partial IR based soft combining. In this enhanced scheme, each neighbouring cell may transmit a MBMS p-t-m transmission stream with a different self-decodable redundancy version (RV). So there are no impacts on single-cell transmission. But for multi-cell transmission, the UE shall apply partial IR based soft combining to combine each MBMS p-t-m transmission stream.
3 Impact analysis

Currently S-CCPCH already supports turbo coding. So it is easy to add a rate matching unit to generate different RV, just as HSDPA/E-DCH does. A new IE used for indication of RV configuration of each cell can be added in current MBMS control messages to let the UE know the RV configuration of each cell.
Since the UE in R5/R6 has already supported IR based HARQ operation in HSDPA, it is ready for the UE to support partial IR based soft combining in MBMS p-t-m transmission. The buffer size needed in partial IR based soft combining is comparable to that in MRC based soft combining since each MBMS p-t-m transmission stream from different cells is actually received separately in both cases. So, the impact on the UE complexity is small while the performance gain is apparent.
4 Further Enhancement with Type 2/3 Receiver
In RAN1 #46 meeting, similar to the SFN transmission in OFDM based system, a common waveform transmission scheme [4] is proposed for dedicated MBMS carrier, which facilitates the LMMSE receiving to achieve much better performance. However, it is only applicable to dedicated MBMS carrier and thus has no help to normal MBMS carrier.
Actually, LMMSE can be still applied in soft handover case. The paper [5] proposed a LMMSE chip equalizer for soft handover with 2 antennas receiver diversity, i.e. the Type 3 receiver. The paper [6] further compared the performance of MMSE chip equalizer, and Rake, under one vs. two receive antennas, and under normal operation vs. soft handover. It is shown LMMSE based receiver also significantly outperforms the Rake receiver in the soft handover case.
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Figure 1:  Enhanced MBMS Receiver
As shown in Fig.1, an enhanced MBMS Receiver integrating LMMSE, dual-antenna Rx diversity with partial IR based soft combining can be used to improve the spectrum efficiency of MBMS transmission in normal carrier. Because the channel matrix is the same in the LMMSE receivers for different cells, the receiver complexity has only a little increase compared to LMMSE in single-cell transmission. Compared to common waveform transmission, LMMSE in multi-cell transmission with different signals (or waveforms) can only suppress multipath interference but cannot cancel the inter-cell interference. Hence, the performance of LMMSE in multi-cell transmission is inferior to that of common waveform transmission. So the proposed soft combination scheme can compensate this difference to a certain extent. 
5 Conclusion

In this contribution a partial IR based soft combining scheme is proposed for enhanced MBMS p-t-m transmission. It is also suggested to integrate Type 2 or Type 3 receiver with partial IR based soft combining together to improve the spectrum efficiency of MBMS transmission in normal carrier in future HSPA Evolution.
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