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1 Introduction

WI on HSDPA 4 branch MIMO transmission has been agreed [1]. In order to keep amount of feedback information required at reasonable level a two codeword solution similar to LTE has been discussed. Some decisions have been reached but the details of codeword to layer mapping are still to be discussed. 
2 Discussion
In RAN1 #67 following agreements were reached:
Decision:

Introduce a codeword as a concatenation of up to 2 TBs of equal size 

· No new TB sizes will be defined

· Single MCS is used per codeword

· Single CQI is reported per codeword

Working assumption (to be confirmed at the next meeting):

· adopt a solution using up to 2 codewords

Results using up to 4 codewords (using 4 CQI and 4 ACK/NACK) can be presented at the next meeting.
The decisions raise questions on how to map the maximum of 2 codewords into up to 4 layers and how to actually encode the up to two transport blocks into a single codeword for a single ACK/NACK feedback. A similar codeword to layer/beam mapping problem has already been solved in the LTE system.  Figure 1 illustrates the mapping. If 1 or 2 layers are scheduled, each codeword will be allocated one layer. When 3 layers are scheduled, first transport block occupies the first layer and the second transport block is mapped to layers 2 and 3. For 4 transport block, the first codeword occupies layers 1 and 2 and the second codeword maps to layers 3 and 4. The efficient use of the mapping means that the CQI feedback is also following the codeword mapping. i.e. a CQI is calculated per codeword basis. Note that the quality of the layers do not need to be in any particular order.
The decision also means that transport block sizes visible to higher layers are not going to be changed despite the doubled peak data rate. Hence two transport blocks need to be concatenated to form one codeword. To simplify specification and implementation it would be beneficial to keep the coding chains for the two transport blocks separated as shown in Figure 2. At least code block segmentation and channel coding are currently specified for one transport block only. While comparing to the other option of just multiplexing the transport blocks together before the coding chain, the turbo code block segmentation and rate matching would be made slightly differently but this should not have any practical impact on the performance. 
Another issue to be discussed is CRC attachment. If coding chains are simply doubled then there will be separate CRC for each transport block. Since there is only one ACK/NACK for each codeword, two CRCs are not needed, hence they can be seen as additional overhead. On the other hand, it can be discussed if two CRCs could be utilized e.g. by SIC receiver.

In L1, physical channel parameters and feedback for two transport blocks belonging to the same codeword are the same. However the received SINR of the two beams can be significantly different, which together with ACK/NACK bundling would cause the performance of the whole codeword to be dominated by the lower quality beam. Here we assume that each transport block of a codeword is simply mapped to one beam. Most natural way to overcome this problem is averaging performance difference by interleaving data between the two transport blocks. The least complex solution would probably be interleaving data symbol by symbol which would take place after the whole coding chain as shown in Figure 2. Interleaving could simply be done so that data of a transport block is divided to two beams symbol by symbol. Block interleaver would not be necessary. This is the approach adopted to LTE also. It should be discussed if this kind of optimization is needed for four stream transmission.  
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Figure 1 Codeword to layer mapping for 4 branch MIMO
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Figure 2 HS-DSCH coding chain for one codeword
3 Conclusion
As discussed above to simplify specification and implementation it would be beneficial to keep coding chains for each transport block separated. Also need for interleaving between transport blocks belonging to the same codeword should be discussed.
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