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1 Introduction 
Initial discussion of the codeword-to-layer mapping for 4-branch HSDPA took place in RAN1#66bis [1-3].

The following design options were identified for future evaluation:
· Support up to 2 or up to 4 codewords mapped to up to 4 layers 

· A codeword can correspond to up to 2 CQI reports and up to 2 HARQ processes

· In case of a limitation to 2 codewords

· Keep the size of current TBs and support up to 2 TBs in one codeword

· Increase the size of TBs (one TB per codeword)

In this contribution we discuss these issues further. 

2 Discussion
2.1 Number of codewords
As observed in [2], 

· The use of a single codeword per layer for higher-order MIMO leads to high signalling overhead and is not forward compatible in a reasonable way;
· Extensive analysis for LTE showed little performance difference between 2- and 4-codeword transmission for 4x4 MIMO. 2-codeword transmission was adopted to constrain the feedback overhead. 

In our view, a single codeword mapped across multiple layers uses a single MCS. Interleaving across the layers may be used to bring coding gain and to equalise the performance of the layers across which the codeword is mapped. 

If the maximum number of codewords is limited to two, the key advantage of low signalling overhead is achieved by mapping each codeword to a single HARQ process and a single CQI report. The single CQI report corresponds to the single MCS used for the whole codeword across the layers to which it is mapped.  

Therefore we make the following proposals:

Proposal 1: A maximum of two codewords should be adopted for 4-branch MIMO HSDPA.. 

Proposal 2: Each codeword uses a single MCS and is associated with a single CQI report. 

Proposal 3: Each codeword uses a single HARQ process. 

For the transport block to codeword mapping, either the current TB sizes can be kept (with up to 2 TBs being mapped to one codeword), or the size of the TBs could be increased (one TB per codeword). In principle it should be a RAN2 decision whether to increase the size of the TBs; we observe, however, that in the past there has not been a problem with increasing the TB sizes (e.g. for 64QAM), and this could result in cleaner specifications than mapping two TBs to a single codeword. Hence: 
Proposal 4: RAN1 asks RAN2 to consider the feasibility of doubling the available range of TB sizes to support 4-branch MIMO HSDPA.. 
2.2 Codeword-to-layer mapping
As observed in [2], there is no need to map one codeword to more than two layers for 4x4 MIMO, and for simplicity the same codeword-to-layer mapping can be used as in LTE, as illustrated in Figure 1: 
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Figure 1: Codeword-to-layer mapping from LTE
Proposal 5: Adopt the same codeword-to-layer mapping as in LTE, as shown in Figure 1. 

3 Conclusion

For the number of codewords and codeword-to-layer mapping for 4-branch MIMO HSDPA, we make the following proposals:
Proposal 1: A maximum of two codewords should be adopted for 4-branch MIMO HSDPA.. 

Proposal 2: Each codeword uses a single MCS and is associated with a single CQI report. 

Proposal 3: Each codeword uses a single HARQ process. 

Proposal 4: RAN1 asks RAN2 to consider the feasibility of doubling the available range of TB sizes to support 4-branch MIMO HSDPA.. 
Proposal 5: Adopt the same codeword-to-layer mapping as in LTE, as shown in Figure 1. 

4 References

[1] R1-113360, “Codeword to layer mapping alternatives for DL 4 branch MIMO”, InterDigital Communications, LLC

[2] R1-113304, “On the codeword to layer mapping for 4-branch HSDPA”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

[3] R1-113432, “4x4 DL MIMO HS-DPCCH design”, Ericsson, ST-Ericsson


























































































































































































































































































[image: image1]