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1 Introduction

In 3GPP RAN1#88bis meeting, Codebook Subset Restriction applied in advanced CSI was discussed but with no consensus achieved. It was decided to continue discussion till 3GPP RAN1#89 meeting. 

In RAN1#88 meeting, contribution [2] analyzed CSR for advanced CSI. This contribution discusses this issue in further detail.
2 Discussion
In LTE Rel-10, two-stage codebook was defined for 8 ports CSI-RS, where W = W1*W2. Accordingly, in codebook subset signaling design, bitmap parameter can individually indicate W1 and W2 subsets where UE may select from for CSI derivation. For instance, among the bitmap of CodebookSubsetRestriction, bits a0 ~ a52 indicate the allowance of W1 and rank, and bits a53 ~ a108 indicate the allowance of W2. 
In LTE Rel-13, two-stage codebook was extended to support two-dimension antenna port layouts. The mechanism of codebook subset restriction was enhanced accordingly. Instead of explicitly indicating the allowed W1, Rel-13 codebook subsets are informed by separate indication of beams, and ranks except for PMI2 indication. For instance, bits 
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 are used to indicate the beam utilization, while 
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are for rank indication. With that, codebook subset can be indicated with high granularity.
 In advanced CSI in LTE Rel-14, the precoding matrix can be expressed as 
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[image: image6.wmf]ú

û

ù

ê

ë

é

=

2

1

2

1

1

1

1

k

k

k

k

p

p

b

b

0

0

b

b

W

, and 
[image: image7.wmf]1

k

b

 and 
[image: image8.wmf]2

k

b

are orthogonal with each other. The matrices 
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 is designed to linearly combine beam vectors in W1, which can be illustrated as bellow for the case of rank1 and rank2 respectively,
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Through CSR signalling, eNB can forbid UE to choose codebook targeting undesired angle direction during CSI derivation. In LTE Rel-13, CSR is implemented by individual signalling each available beam vector, PMI2 and rank. It works well with legacy codebook by signalling available beam vectors because the precoder of one data layer is usually constructed with the same beam vector on two polarizations. However, this mechanism may not work for advanced CSI since precoder in advanced CSI is a linear combination of two beam vectors.
To support CSR in advanced CSI, Rel-13 CSR can be extended by further specifying UE’s behaviour. When the undesired beam is indicated via CSR, beam pairs containing restricted beam vector will be precluded to construct W1 for CSI derivation. For instance, eNB limits high power transmission on angle direction
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. The bit of CSR associated with beam vector 
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 is set to 0. On UE side, the beam pairs (
[image: image15.wmf]k

b

, X) and (X, 
[image: image16.wmf]k

b

) are forbidden to construct W1. However, this mechanism is not sufficient because some other beam pairs may also generate strong power on beam direction 
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 as well, e.g., 
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 for 1D antenna configuration. Those beam pairs should also be precluded.
The codebook subset restriction mechanism in Rel-10 may work for advanced CSI, i.e. available W1s can be indicated by bitmap parameter. However, the payload size to indicate W1 is a bit large. For instance, for antenna configuration (N1, N2) = (4, 4), the size of W1 candidates will be 213 = 8192 and so does the bitmap size. 

One possible way to reduce the bitmap size is to separately indicate beam pairs and amplitude p in W1.  For example, in the case of (N1, N2) = (4, 4), there are total 211 = 2048 beam pair candidates. If we don’t care about the order within one beam pair, the number of beam pairs can be further reduced to 210 = 1024. In addition, the available amplitude coefficient p can be indicated with 4 bits. Hence the total bit number for W1 indication is 2048+4=2052 bits.

In addition, the size of bitmap for W2 will be large as well, i.e. 26(rank1)+212(rank2)=4160 bits for rank1/2, if we follow the same principle of Rel-10 and Rel-13 for PMI2 indication. One possible simplification is to indicate the available values per element in W2 separately. For instance, in the case of rank2, there are 6 variables, and available value for each variable is selected from [1 j -1 -j]. Then it requires 6*4 = 24 bits for W2 indication.  

Based on the discussion above, we propose

Proposal: Enhance codebook subset restriction in advanced CSI. The bitmap parameter includes PMI1 and PMI2 fields, where 
· In PMI1 field, the available W1s are indicated by two separate bitmap fields, i.e. one for beam pair (
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) and another one for amplitude p of the second beam. 
· In PMI2 field, the available W2s are indicated by individually signaling the available values of each phase coefficient.
3 Conclusions

This contribution discusses the utilization of Codebook Subset Restriction in advanced CSI. We propose 
Proposal: Enhance codebook subset restriction in advanced CSI. The bitmap parameter includes PMI1 and PMI2 fields, where 

· In PMI1 field, the available W1s are indicated by two separate bitmap fields, i.e. one for beam pair (
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) and another one for amplitude p of the second beam. 

· In PMI2 field, the available W2s are indicated by individually signaling the available values of each phase coefficient.
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