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Discussion and Decision
1. Introduction

In RAN53, a new work item, “Four Branch MIMO transmission for HSDPA”, was agreed [1] [2]. In this contribution we discuss possible configurations for 4-branch MIMO transmission and the design implications associated with each configuration.
2. Discussion
The general procedure of MIMO operation is illustrated in Figure 1. At the NodeB, the transport blocks (TBs) selected by MCS control are processed by TrCH processing and Layer mapping, and the output data are then spread/scrambled. There may be several data layers which are then pre-coded and summed at the antenna ports before transmission. At the UE side, the receiver estimates the channel and decides which PCI/CQI and rank-indication (RI) should be fed back in the uplink. Such information received by the NodeB is used to help deciding pre-coding weight and MCS for downlink transmission.
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Figure 2 General procedure of MIMO operation
The Layer mapping function introduced in the 4-branch MIMO transmission procedure enables a codeword to be mapped to multiple layers. The motivation for introducing this function is to possibly restrict the number of codewords transmitted simultaneously. Considering the maximum number of codewords and layers, one can define at least 4 modes for 4-branch MIMO transmission.  
· Mode 1 (4B4L)：support up to 4 transport blocks, and up to 4 layer (rank-4) transmission
· It requires the UE to support at least 4 receive antennas.
· More control information of transport block number, modulation and transport block size are required. This would have a substantial impact on the HS-SCCH design. 
· More feedback information such as rank 1-4 CQIs, at most 4 HARQ-ACK for transport blocks are required. This would have a substantial impact on the HS-DPCCH design. 
· Mode 2 (2B4L)：support up to 2 transport blocks, and up to 4 layer (rank-4) transmission
· It requires the UE to support at least 4 receive antennas.

· A layer mapping function would be introduced to enable a codeword to be mapped into multiple layers.

· For rank-1 and rank-2, each transport block is mapped to a layer.
· For rank-3, one transport block is mapped to one layer and another transport block is mapped to the other 2 layers, e.g. TB1 is mapped to layer 1 and TB2 is mapped to layer 2 and 3.
· For rank-4, each transport block is mapped to 2 layers, e.g. TB1 is mapped to layer 1 and 2 and TB2 is mapped to layer 3 and 4.
· An additional layer indication (or rank indication) which indicates how many independent layers are transmitted may be required, and the number of bits carrying the pre-coding weight information may increase according to the pre-coding codebook design.
· At most 2 CQIs for transport blocks are required, which is similar to the 2x2 MIMO, however, an additional rank indication may be required.

· Mode 3 (2B2L)：support up to 2 transport blocks, and up to 2 layer (rank-2) transmission 
· It requires the UE to support at least 2 receive antennas.

· It might not have a strong impact on HS-SCCH design; however the number of bits carrying the pre-coding weight information may increase according to the pre-coding codebook design.
· The HS-DPCCH design for 2x2 MIMO may be easily reused if for example the size of the PCI bits is kept to be 2 bits, or in some other way. 
· Mode 4 (1B1L)：support single transport blocks, and single layer (rank-1) transmission
· The impact on HS-SCCH and HS-DPCCH design is similar to Mode 3 (2B2L). 
Although we listed various modes above, it may not be necessary to support all modes. Both Mode 1 and 2 aim to increase the peak data rate, and we may decide to support only one of them. The choice would be based on performance and design complexity. Supporting 4 transport blocks clearly has a substantial impact on signaling, while using 2 transport blocks with 4 layers allows re-using most of the existing signaling defined for 2x2 MIMO operation. In addition, one can consider the existing LTE MIMO configuration, where 2 transport blocks are used with larger TB sizes to reach peak rates. Both Mode 3 and 4 should be supported according to the WI objective in [1]. Based on the high-level analysis of each mode above, we observe that the complexity decreases gradually from Mode 1 to Mode 4, with Mode 3 and 4 requiring much less modification of the current specifications respect to Mode 1 and 2. From a UE perspective, and considering that most UEs have one or two antenna ports today, the impact on legacy UEs to support 4-branch MIMO is smaller with Mode 3 (2B2L) or Mode 4 (1B1L).  Hence we suggest possibly optimizing the design of 2B2L and 1B1L configurations while minimizing the changes to signaling and existing NodeB and UE implementations.
Physical layer design such as pilot design is common for all 4-branch MIMO modes, and it can be independently discussed initially while defining the MIMO modes. However the estimation quality of the various channel parameters may have a different impact on performance for different 4-branch MIMO configurations, and this should be considered in the pilot design. We discuss pilot design in [3]. 

The design of HS-SCCH and HS-DPCCH is closely related to the 4-branch MIMO mode and can be discussed in detail after deciding which 4-branch MIMO modes would be investigated. The decision to support some MIMO modes depends also on the additional complexity due to the enhanced signaling needed with more parallel TB transmissions. For this reason we propose to make a decision regarding the investigation of MIMO configurations with 4 or 2 transport blocks, or with only 2 transport blocks, with 4 layers.
3. Conclusion
This contribution discusses 4-branch MIMO configurations and gives a high-level analysis of the impact of these configurations on the design of physical channels. 
Proposal 1: Discuss and decide to investigate 4-branch MIMO configurations with 4 or 2 transport blocks, or with only 2 transport blocks, with 4 layers.
Proposal 2: Optimize the design of 2B2L and 1B1L configurations while minimizing the impact on existing signaling and implementation. 
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