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1 Introduction

In 36.213, the specification of codebook subset restriction is complete for the close-loop spatial multiplexing and MU MIMO. However, there still lack some details for open-loop spatial multiplexing. 

In Prague meeting, the issue relating to how to define bitmaps for such codebook subset restriction for open-loop spatial multiplexing was discussed. R1-083745 proposed to use codebook subset restriction for open-loop spatial multiplexing [1]. The restriction applies to RI, which implies a 2 bit and a 4 bit bitmap for 2 and 4 antenna ports, respectively. However, there is some different view on whether such codebook subset restriction is needed for open-loop spatial multiplexing [2].
In this contribution, we propose some analysis on the codebook subset restriction for open-loop spatial multiplexing and express our view on this topic.
2 Discussion
It is well known that open-loop spatial multiplexing supports rank adaptation. If the eNodeB transmits with rank=1, transmit diversity is used, while the eNodeB transmits with rank>1, large delay CDD with predefined precoding matrices is used. This leads to the consequence that if we wish to introduce codebook subset restriction in open-loop spatial multiplexing, only the number of layers can be controlled. 

Based on these conclusions which have been drawn from the previous discussion, for open-loop spatial multiplexing with two transmit antennas, there exist only two cases to use codebook subset restriction:

Case 1: restrict the UE reporting to rank=1
If the eNodeB restricts the UE reporting to rank=1, this should be under the assumption that the downlink is using transmit diversity, and the UE is semi-statically configured to calculate the CQI based on rank=1. The whole process has no any difference comparing with the transmit diversity mode. Therefore this case can be completed by configuring the UE via higher layer signalling with transmit diversity mode. Since the signalling of transmission mode has already been defined in L1 parameters, using codebook subset restriction in this case seems to impose some redundancy in RRC signalling without any benefits.

Case 2: restrict the UE reporting to rank=2 and not rank=1

· Rank deficient

In MIMO transmitting, rank reflects the real physical channel condition. When the physical channel is rank deficient, the receiver can not detect the transmitting data successfully if forcing the data transmitting on two layers. Possibly the UE should depress the reporting CQI value to ensure the transmission, which will cause the data transmitted at very low rate even if the data is mapped on two layers. As we all know, low rate is not the purpose of spatial multiplexing. 

· Full rank

When the physical channel is full rank, the UE will report CQI with rank=2. Codebook subset restriction is not needed. If we restrict the data transmission with rank=2, when the channel condition varies, this kind of restriction will cause serious performance loss. If the eNB changes the transmitting mode according to the physical channel, this is the same as without codebook subset restriction. So it is not necessary for the eNodeB to make a rank restriction forcing the UE to report rank 2 CQI. 
Another problem is that according to 36.213 “A UE is restricted to report PMI and RI within a precoder codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling.” When the channel condition varies, the eNB has no any information about the rank change. Using codebook subset restriction in this case would limit the freedom of rank adaptation without any benefits.
On the other hand, as indicated in [3], the purpose of codebook subset restriction is for the eNodeB to restrict the adaptation so as to reduce burstiness of inter-cell interference. For open-loop spatial multiplexing, the bursting intercell interference is caused by dynamic switching between rank 1 Tx diversity and rank 2 precoding. However, the rank adaptation varies at a lower rate compared to precoding matrix adaptation. So such a bursting interference is not like the interference caused by precoding matrices changing from time to time, the latter will lead to serious variation or the intercell interference. 

So for open-loop spatial multiplexing mode, it is not needed for 2 antenna ports to use codebook subset restriction.
While considering open-loop spatial multiplexing with four transmit antennas, in order to keep the consistency of bitmap interpretation for both open-loop mode and closed-loop mode, using 4 bit bitmap for 4 antenna ports is reasonable.  
3 Conclusion
In this contribution, the problem about the codebook subset restriction for open-loop SM is discussed. There does not seem to be a strong reason for open-loop SM with two transmit antennas to use codebook subset restriction. Our view on this problem is as following:

· For open-loop SM with 2 antenna ports, codebook subset restriction is not needed.

· For open-loop SM with 4 antenna ports, 4 bit bitmap for codebook subset restriction is used to restrict the reporting of RI. 
A CR implementing this in 36.213 is available in [4] respectively.
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