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1. Summary and recommendations

Soft combining of MBMS simulcast transmissions was proposed in [
].  In this contribution, we further consider how soft combining can be implemented, examining how rate matching affects soft combining implementation, and discussing constraints on transport formats that simplify the implementation.  We observe:

· Combining before deinterleaving and derate matching can help UE complexity.
Combining after deinterleaving and deratematching will either increase the complexity of the combining technique, or require additional soft buffer memory. We estimate the additional memory for 3 radio links synchronized to less than 1 TTI  to be about twice that needed for soft combining before deinterleaving and 33% more than selection combining. 

· Combining before deinterleaving and deratematching requires transport format constraints.
As discussed in [1], identical transport formats must be used for the same logical channel on all radio links.  However, additional constraints are needed to ensure that the same rate matching is used on all radio links.  A variety of constraints are possible, from simply mapping only one transport channel per TTI, to coordinating transport channels between Node Bs, to selecting transport formats that have the same rate matching. 

We recommend that transmissions to be soft combined have the same transport format and rate matching such that they have same number of physical channel bits.  While this is not a constraint needed to make soft combining practical, it is felt to be beneficial because it allows reduced UE complexity, especially at the highest data rates.

2. Transport format constraints

In [1], it was recommended to use a single MTCH per FACH with the same information bits on each FACH, as shown below.  While this is sufficient for soft combining, it seems worth considering if the physical channel bits should be the same as well.

Figure 1: Requirements to allow soft combining of two transport channels

If the physical channel configurations are different (with a different number of transport channels or spreading factor, etc), the number of physical channel bits could be different.  If the number of physical channel bits is different, the position of the interleaved bits corresponding to a given information bit would be different. There are two options to addressing this channel dependent bit positioning:

a) Combining would account for interleaving and ratematching.

This effectively means the UE has to deinterleave and deratematch as symbols arrive, ordering them so they can be combined.  This seems possible, but adds functionality over both HSDPA and release ’99.

b) Combining would be done after deinterleaving and deratematching.  

This would mean the soft information for a whole TTI would need to be buffered on each radio link.  The total amount of memory for this approach for a basic implementaion of this approach would be 4 full TTIs (1 for each radio link, and an extra needed for imperfect synchronization).  

If the LLRs can be accumulated before deinterleaving on a frame by frame basis, the amount of memory needed for a straight forward buffering (discussed in [
]) is below.  Note that the approach allows for an extra TTI when radio links are imperfectly synchronized. 
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Where:

· LSB  is the number of LLRs of physical channel bits to store in the TTI soft buffer.

· “Max Relative Delay” refers to the maximum delay between the start of the earliest arriving radio link (macro diversity branch) and the start of the latest arriving radio link, in TTIs.

· TTI Bits is the number of physical channel bits in one TTI.

In the case of 3 radio links synchronized to within one TTI, we find from the equation above that a basic soft combining approach could only require 2 TTIs to be buffered.   However, if we combine after deratematching, we need 2 times more memory than the frame by frame soft combining approach, and 4/3 more than selection combining.  

In order for the number of physical channel bits and the rate matching to be the same, the following must be true for all transport channels that are to be soft combined:

· The information bits in the channel of interest, and therefore the number of physical channel bits before rate matching, are the same on all radio links.

· The number of rate matched bits should be the same on all radio links for all radio frames.

These two constraints above can be expressed for a given service (based on the notation in TS25.212) using the equations below.  
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Where:


[image: image4.wmf](

)

rl

N

TTI

j

i

,

 
is the number of physical channel bits per TTI before rate matching on transport channel i with transport format combination l on radio link rl.
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is the number of rate matched bits in radio frame n  on transport channel i with transport format combination l on radio link rl.


[image: image6.wmf](

)

0

,

0

TTI

l

N

 
is the value for a given service on a first transport channel and a first radio link for some transport format combination l.
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is the value for a given service on a first transport channel and a first radio link at radio frame n for some transport format combination l

Ways to meet the above constraints are:

1. Use a single transport channel per TTI (disable physical layer transport channel multiplexing).  This corresponds to fixing both i=0 and l=1.

2. Use one set of transport formats for the channels to be soft combined, ensuring that a given logical channel is mapped to the same transport channel (and therefore the same position in the TTI) on all radio links that it is used.  This corresponds to fixing i=0.

3. Use transport block sizes and rate matching attributes that lead to the same rate matching patterns no matter which part of the TTI the transport block is mapped to.  This corresponds to the general case in equation (2), where i is unconstrained.

All three options above are possible.  The first option seems the simplest, but loses the flexibility of being able to multiplex within a TTI.  The second method allows more flexibility in multiplexing, but limits Node B specific scheduling within the TTI.  The third method is the least constrained in terms of scheduling, but requires careful selection of transport block sizes and greatly constrains the rate matching attributes, and so may be more complex to implement.  
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