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1.Introduction
RAN1 #37 meeting (Montreal, Canada), soft combining for MBMS was discussed. Two shemes are proposed , RAKE Combining[1] and LLR(Log Likelihood Ratio) Combining[2]. In [2], the gain by LLR is shown. In[3], LLR Combiing for TDD was proposed in RAN1#36 meeting. The support of soft combining for MBMS is still open. 
In this document, comparison of those combining schemes including Selection Combining is shown. 


2.Discussion
2.1 Comparison of combining schemes

This chapter explains the location where UE absorb the delay between RLs as to respective combining schemes. 

Following sub-section shows simplified architecture in UE and location of delay absorber according to each combining scheme. The figures indicate the location where the delay between RLs is absorbed in UE and the data streams inside UE. The tables show key elements which impact on complexity as to respective combining schemes. It is also considered what impacts are estimated if some conditions are changed. Finally, Features of each combining scheme are considered and suitable situation that each combining schemes is applied for is remarked.

2.1.1 RAKE Combining
In this sub-section, Rake combining (Maximum Ratio Combining) in UE is considered.
Figure 1 shows the stream of received data and buffer of Rake combining in UE. UE combines separate streams of finger into one stream by Rake combining. In this case, window buffer absorbs the delay between RLs. 

Note: Diagram size in Figures is no relation with the actual memory size.
Note: Soft channel bit memory is general term of memory with soft decision value between Rake combiner and Turbo decoder.
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Figure 1 Data stream and delay absorber location of Rake Combining in UE


Table1 shows key elements that impact on UE complexities in case of rake combining.

The window buffer absorbs the delay between RLs. Depending on implementation, data can be buffered with chip level or symbol level. Chip-level combining is considered below. This buffer stores the received data per chip, besides over sampling is required. Therefore, the greater the maximum delay between RLs is, the huger the window buffer is required . 

Table 1 Key elements that impact on UE complexities in case of Rake Combining
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Following lines show what impacts are estimated if condition is changed.

-If delay between RLs is increased, 
There is a huge impact on window buffer. Window buffer size is required to expand in proportion to delay between RLs. This buffer is chip-based and huge memory is required if it absorbs TTI-sized delay. 

-If TTI length is increased, 
There is a little impact on soft channel bit memory. After rake combining, data stream in UE is like one RL. Therefore, soft channel bit memory is not so much as other combining schemes. 

-If the number of RLs is increased,
It seems no impact. Within 3RLs, it is not necessary to increase the number of fingers.


Remark on RAKE Combining

Expand window size should be carefully considered. This memory is not accessed at same moery access speed as soft channel bit memory. It is difficult to reuse the same design of soft channel memory to build a bigger window size buffer. If window size is expanded, additional memory would be used for only MBMS and would be idle memory for other services in 3GPP. However, if MRC is applied within current window size (+/- 148chip), MRC is expected to obtain good performance. It is suitable for little delay situation (ex. Intra-NodeB Soft macrodiversity situation, similar to DPCH SHO) . In [4], it was shown that Node-B can adjust S-CCPCH transmission timings among sectors (Intra-NodeB). S-CCPCH offset adjustment is multiple of 256 chips. This timing relation enables UE to combine multiple S-CCPCHs of Intra-NodeB with current window size.

It is concluded that RAKE combining is applied for intra-NodeB SHO without window expansion of current size.

2.1.2 LLR Combining
Figure 2 shows the stream of received data and buffer of LLR Combining in UE. The CCtrCH buffer absorbs the delay between RLs. UE combined separate streams of CCtrCH into one stream by LLR combining. In order to combine CCtrCHs, TrCH multiplexing from each cell must correspond.
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Figure 2 Data stream and delay absorber location of LLR Combining in UE

Table2 shows key elements that impact on UE complexities in case of LLR Combining. 

The CCtrCH buffer absorbs the delay between RLs. This buffer stores the received data as soft channel bit. Therefore, the greater the maximum delay between RLs is, the larger soft channel bit memory is required. However, it is possible that soft channel bit memory is shared with memory for other service (ex. HSDPA).
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Table 2 Key elements that impact on UE complexities in case of LLR Combining.



Following lines show what impacts are estimated if condition is changed.

-If delay between RLs is increased, 
There is large impact on CCtrCH buffer. Memory of soft channel bit is required to expand in proportion to delay.


-If TTI length is increased, 
There is large impact on CCtrCH buffer and a little impact on TTI buffer. The longer TTI length is, the more difficult the delay absorbing is.

-If the number of RLs is increased,
It seems impact on before TTI buffer. After combining, it is no impact. Input data of turbo decoder is after combing. Therefore, LLR has advantage of turbo decode processing load.


It is concluded that LLR Combining is applied for the situation of little delay and no fluctuating delay. LLR Combining should not be always applied. 

Remark on LLR Combining

UE complexity of LLR Combining seems to be lower than that of Selective Combining and it is expected to obtain good performance. However, there are some constrains for applying it. Different TrCH Multiplexing from each cell is impossible and absorbing large delay between RLs is also difficult. This scheme is preferable for high bitrate because it prevent overload of turbo decoder.  It is concluded that LLR Combining is not always applied. Other combining schemes should be used for unsuitable situations.


2.1.3 Selective Combining
Figure 3 shows the stream of received data and buffer of Selective Combining in UE. The RLC buffer absorbs the delay between RLs. Selection is conducted at RLC layer level, Therefore Turbo decode is processed per each cell.
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Figure 3 Data stream and delay absorber location of Selective Combining in UE

Table3 shows key elements that impact on UE complexties in case of Selective Combining.
The RLC buffer absorbs the delay between RLs. This buffer stores decoded data and it is hard decison value(0/1). Data size at delay absorber location is smaller than other combing schemes. RLC buffer has memory enough to absorb delay between RLs[5]. Selective Combining is suitable for absorbing large delay between RLs.
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Table 3 Key elements that impact on UE complexties in case of Selective Combining.

Following lines show what impacts are estimated if condition is changed.

-If delay between RLs is increased, 
Selective Combining is not so much impact on soft channel bit as LLR Combining, because delay is absorbed as decoded data in RLC buffer that is not soft channel bit. 


-If TTI length is increased, 
There is an impact on soft channel bit. UE processes different streams in case of Selection Combining. However, this soft channel bit memory is not increased in proportion to delay between RLs. That is the difference between Selective combining and LLR Combining.

-If the number of RLs is increased,
Not only memory size but also processing capabilities of turbo decoder for multiple RLs are required.


Remark on Selective Combining

Selective Combining is advantageous to large delay. If Selective combining is supported, same UE architecture enables to support LLR Combining with a little modification. 
It is concluded that Selective Combining is applied for large delay.


2.2 What combining scheme should be applied depending on situation

RAKE MRC is suitable for little delay between RLs, therefore it should be applied to Intra-NodeB Soft macrodiversity.

LLR Combining is suitable for no TrCH multiplexing and delay is small and constant. It is suitable for high data rate.

Selective Combining is suitable for fluctuation delay by scheduling and possibility of many TrCH multiplexing case. 

3.Conclusion 

In this document, respective combining schemes are compared. The data stream in UE and location of Delay absorber were showed. Key elements that impact on UE complexities in case of each combining scheme were shown. Suitable situations for each combining schemes were considered.

It was recommended that soft combining for MBMS is supported, as option in Release6 and expansion of window size for MRC should be carefully considered
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