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1
Introduction

This is a revision to R1-083858, in which additional considerations on the codebook subset restriction feature are discussed. Codebook subset restriction was adopted for LTE downlink transmission a while ago, but the specific design for the case of open-loop spatial multiplexing (SM) has not been discussed until after the RAN1 #54 Jeju meeting in August. The discussion came up during the email reflector approval process of numerous CRs and LS. Codebook subset restriction means that, according to deployment environment, high layer could select a subset of codebook for transmission and informs UE of such selection through high layer signaling. At the time when codebook subset restriction was agreed, closed-loop SM is the only transmission mode for LTE downlink transmission. Later, open-loop SM was adopted to support UE with high mobility. 

This codebook subset restriction issue was recently re-visited again in 36.213 CR 62 as part of introducing missing L1 parameters for 36.213. The intention is trying to define explicit bitmaps of such high layer signaling for such codebook subset restriction to avoid future ambiguity. However, there is some controversy on how to define bitmaps for such codebook subset restriction for open-loop SM. In this contribution, we further discuss and express our views on this topic. 
2
On codebook subset restriction for open-loop SM
Open-loop spatial multiplexing (SM) is adopted by LTE with the intension of supporting UE with high mobility. Similar as closed-loop SM, it supports transmissions with different ranks, and rank adaptation between them. That forms an integral part of this scheme and is the main reason for its superior performance at high speed.  The difference between closed-loop and open-loop SM is that open-loop SM uses transmit diversity as its rank-1 transmission, and for rank>2 transmission, it uses codewords cyclically chosen from a subset of the codebook used by the closed-loop SM [2]. Thus, the codebook used for open-loop SM transmission is already restricted to subsets of 1 and 4 precoding vectors for the cases of 2 and 4 transmit antennas respectively.
For open-loop SM with two transmit antennas, as rank-1 transmission uses transmit diversity without any codeword involved, and rank-2 transmission uses a single codeword of identity matrix 
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, there is no need to define the bitmaps for codebook subset restriction. 

For open-loop SM with four transmit antennas, the only place needs to define such bitmaps is for rank>1 transmission as again rank = 1 transmission uses transmit diversity and for that purpose, 3-bit could be enough for specifying all the possible combinations of various rank > 1.
3
Conclusions

In this contribution, we discuss in brief on the codebook subset restriction for open-loop SM. In conclusion, our view on this is as follows:

1. For 2-tx open-loop SM, there is no need to define bitmaps for the purpose of codebook subset restriction. 
2. For 4-tx open-loop SM, 3-bit bitmaps for codebook subset restriction could be enough for specifying all the possible combinations of various rank > 1 
One important aspect that needs to be emphasized here is that applying codebook subset restriction should not compromise the gain of open-loop SM scheme by limiting its transmission ranks and the freedom of rank adaptation, as that could harm its performance.   
Codebook subset restriction seems to be a nice-to-have feature in some cases, but it is not clear if this is a necessary feature for the standard. On the other hand, we should also be aware of the likely increases in the complexity of higher-layer signaling, and the number of additional test cases required. 
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