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1 Introduction
4 branch MIMO transmission for HSDPA work item was agreed at RAN#53 [1]. The main aim of this work item is to increase the peak data rates for higher streams transmissions and increase the coverage for lower streams transmissions. 

In RAN2#77bis meeting RAN2 working group discussed MAC impacts due to the introduction of Four branch MIMO. There was a discussion if the number of HARQ processes for three streams and four streams transmissions should be three and four respectively or if the HARQ processes should be two as it is for the dual stream transmission.
In this contribution, we discuss the number of HARQ processes with two codeword in a four branch MIMO system at Node B and at the UE side.
2 
Discussion
At RAN1#68, it was agreed to use two codeword in four branch MIMO system to reduce the uplink and downlink signalling on HS-SCCH and HS-DPCCH control channels [2]. Where Codeword is the entity on which the CQI and transport channel symbols are reported and which need to be mapped to the streams. Since in a four branch MIMO system, the maximum number of streams supported is four, the four streams at the MAC-ehs side need to be mapped to the two codeword.
2.1 HARQ processes in MAC-ehs entity – UTRAN side
According to 3GPP specification [3] there shall be one HARQ entity per HS-DSCH on the UTRAN side. There shall be one HARQ process per HS-DSCH per TTI for single stream transmission and two HARQ processes per HS-DSCH per TTI for dual stream transmission. 
The HARQ entity on UTRAN side in Figure 1 handles the HARQ process for HS-DSCH and sets the HARQ process identifier in transmitted MAC-ehs PDUs and determine a suitable HARQ process to service the MAC-ehs PDU and set the HARQ process identifier accordingly, see 11.6.3.2 in [3]
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Figure 1: UTRAN side MAC architecture / MAC-ehs details
With the introduction of 4Tx transmissions feature the number of the transmitted streams could be one, two, three or four. The number of HARQ processes per HS-DSCH per TTI for one stream transmission is one as it is for the legacy single stream and can easily be mapped to one codeword. The number of HARQ processes per HS-DSCH per TTI for two streams transmission is two as it is for the legacy dual stream transmission and can easily be mapped to the corresponding two codeword because the downlink control channel (HS-SCCH) structure carries information for maximum 2 HARQ processes identifier in a two codeword four branch MIMO system similar to the HS-SCCH structure in case of 2x2 MIMO [4]. 
For the three and four streams transmission a mechanism is needed to map the three or four streams to the maximum 2 HARQ processes identifier in a two codeword MIMO system.
In this contribution 2 options of mapping the three or four streams to the HARQ processes and consequently to the 2 codeword are discussed. 

Option 1: three HARQ processes per HS-DSCH per TTI for three streams transmission and four HARQ processes per HS-DSCH per TTI for four streams transmission

In case of four streams transmission in option 1, each stream is mapped to one HARQ process, consequently four HARQ processes identifiers sets in the HARQ entity. The problem with this option is how to signal the four HARQ processes identifiers in the downlink control channel (HS-SCCH) where there is a space for maximum 2 HARQ processes identifier with two codeword MIMO system. The same problem is faced in case of three streams transmission in option 1.
Option 2: two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions
In case of four streams transmission in option 2, two of the four streams are mapped to one HARQ process and the other two streams are mapped to another HARQ process, consequently two HARQ processes identifiers set in the HARQ entity and signalled without a problem in downlink control channel (HS-SCCH) where there is a space for maximum 2 HARQ processes identifier with two codeword MIMO system. 

In case of three streams transmission in option 2, two of the three streams are mapped to one HARQ process and the third stream is mapped to another HARQ process, consequently two HARQ processes identifiers set in the HARQ entity and signalled without a problem in downlink control channel (HS-SCCH) where there is a space for maximum 2 HARQ processes identifier with two codeword MIMO system.

Consequently there should be two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions.
Proposal 1: There should be two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions in MAC-ehs entity – UTRAN side
2.2 HARQ processes in MAC-ehs entity – UE side
On the UE side, the UE has to report HARQ-ACK/NAK information, Channel Quality Information (CQI), and the Precoding Control Index (PCI). All this information is called Channel State Information (CSI) and it is sent on the UL control channel HS-DPCCH to Node B. Hence for a two codeword MIMO as defined by RAN1, there would be a space for only 2 HARQ ACK/NAKs and 2 CQI and one PCI in HS-DPCCH control channel.
Evaluating the two option considered in 2.1 for UTRAN side and keeping in mind the structure of the UL control channel HS-DPCCH where no more than two HARQ processes ACK/NACKs can be signalled by the UE to the network conclude that there should be two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions in MAC-ehs entity in the UE.
Proposal 2: There should be two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions in MAC-ehs entity – UE side
3 Conclusion
RAN2 is kindly asked to discuss the two options considered in this document and agree on the following proposals:

Proposal 1: There should be two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions in MAC-ehs entity – UTRAN side
Proposal 2: There should be two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions in MAC-ehs entity – UE side
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