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1. Introduction
In the last RAN2 meeting, the following agreements were achieved for HSDPA 4-branch MIMO:
MAC architecture does not need any change.
The number of reordering SDUs per TTI does not need to increase.
The MAC-ehs window size does not need to increase.
The TB size table does not need to change.
However, the number of HARQ processes is still an open issue which needs to be further discussed. In this contribution, we will further discuss and analyze this issue.
2. RAN1 Agreement

RAN1 have made the following agreements on codeword to layer mapping which are relevant to RAN2.
RAN1#67:
To support up to 4 layers, RAN1#67 decided to introduce a codeword as a combination 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

RAN1#68:
The following agreements were made during the RAN1#68:

· Adopt a scheme with up to two codewords (CWs)

· A CW is mapped to up to 2 layers 

· Single ACK/NACK per codeword

The Figure below shows the block diagram at the transmission side for 4 stream transmission.
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RAN1#68bis

The following agreements were made during RAN1#68bis:

· Confirm the working assumption to keep separate encoding and CRC for each TB if two TBs are multiplexed in one CW.

· Physical channel interleaving is carried out per physical channel as today.

· Apply the following fixed codeword to layer mapping:

	Rank
	Layer

	1
	CW 1 ( Layer 1 

	2
	CW 1 ( Layer 1 

CW 2 ( Layer 2

	3
	CW 1 ( Layer 1

CW 2 ( Layer 2 and 3

	4
	CW 1 ( Layer 1 and 2

CW 2 ( Layer 3 and 4


3. Discussion
Regarding the number of HARQ processes for 4-branch MIMO, two options exist as below:

· Option 1: one HARQ process per TB (up to 4 HARQ processes, two HARQ processes share one ACK/NACK feedback);

· Option 2: one HARQ process per codeword (up to 2 HARQ processes);

Option 1 is more flexible from Node B scheduling point of view, especially for the scenarios where HARQ retransmission are required whenever rank fallback occurs (e.g. fallback from rank4 to rank1/3). In these scenarios, with option 1 Node B could freely choose to schedule one of the two TBs within the codeword to be retransmitted to fit the rank fallback and make the best of layer resources, however with option 2 Node B have to postpone the retransmission, as a consequence layer resources are unnecessarily wasted.
If HARQ retransmission is required whenever rank fallback occurs from rank 3/4 to rank 2, for option 2, the mapping of one codeword to 2 layers will happen, and as a result two problems are introduced:

1) Unnecessarily decreased DL throughput. This is because the DL throughput of one codeword to 2 layers mapping is worse than that of two codewords to 2 layer mapping. The DL throughput lost could also be observed from the link level simulations in [1].
2) Additional HS-SCCH signaling overhead. With the introduction of 4-branch MIMO, anyway a new HS-SCCH format type is needed to accommodate the increased PCI info, the RI info and the changed modulation combinations. As discussed in [2], if we use the joint encoding of modulation and layer number for HS-SCCH, if one codeword mapping to 2 layers is to be supported, the required number of bits will be increased from 5 bits to 6 bits, which will increase the design complexity of HS-SCCH. Please note that even if we adopt the option 1 e.g. with up to 4 HARQ processes, it doesn’t means the HARQ process info in HS-SCCH have to be increased, we can still keep the current 4 bits. 
In addition, from RAN2 specifications point of view, we have the following observations:

1) It is the RAN1 agreement that we keep separate encoding and CRC for each TB if two TBs are multiplexed in one codeword. This means that from UE perspective each TB will have its own HARQ soft buffer and channel decoders, and will perform independent HARQ operation. Therefore, if we adopt the option 1, then UE will just follow the legacy procedures as for 2-branch MIMO. The only difference is that two TBs within the same codeword will share the same HARQ ACK/NACK feedback, however this should be transparent to MAC layer and it is not necessary to mention codeword in the MAC spec.
2) The HARQ memory partitioning procedure is currently specified in the RRC spec, where the total soft buffer will first be equally partitioned among the HS-DSCH transport channels then be equally partitioned among the HARQ processes. If we adopt the option 1, then all the existing partitioning rules will remain the same. However, if we adopt the option 2, then it means that, according to the existing partitioning rules, the soft buffet allocation for each HARQ process will be doubled.
Based on the analysis above, we propose:
Proposal: it is proposed to support up to 4 HARQ processes for HSDPA 4-branch MIMO.
4. Conclusion

In this contribution, we made a discussion on the number of HARQ processes brought by the introduction of 4-branch MIMO. RAN2 is kindly asked to discuss and agree on the following proposal:
Proposal: it is proposed to support up to 4 HARQ processes for HSDPA 4-branch MIMO.
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