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1 Introduction

In 3GPP RAN1#89 meeting, Codebook Subset Restriction applied in advanced CSI was discussed but no consensus achieved. In our view, codebook subset restriction for advanced CSI is quite different with that for legacy Class A codebook. We should study it carefully to avoid invalid design.
In this contribution, we discuss this issue and provide our design.
2 Discussion
In advanced CSI in LTE Rel-14, the precoding matrix can be expressed as 
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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 in the case of rank1 and rank2,
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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. Signalling available beam vectors works well for legacy codebook 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 as two beam vectors are combined to generate a codebook. 
One scheme proposed in previous meetings was to enable eNB to inform available/restricted beam vectors via bitmap. Once one beam vector bi is restricted, any W1s containing bi are precluded from W1 candidates. An example of the mentioned scheme is illustrated in Figure1
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Figure1: Beam restriction in the cased of 2D antenna layout
In Figure1, white circles ([image: image10.emf]) denote the beams for UE to freely choose from. Red circles ([image: image11.emf] ) represent the restricted beams that eNB does not want to generate any energy on these beams associated directions. While grey circles ([image: image12.emf]) denote the restricted beams as well. But different with red circles[image: image13.emf], these beams are restricted because they generate more or less energy on directions of beams [image: image14.emf] due to spatially close to beams [image: image15.emf] .
The drawback of above scheme is that too much beam vectors are restricted. For instance in Figure1, neither beams of [image: image16.emf] nor [image: image17.emf]  is included in orthogonal basis W1. It should be noted the number of restricted beam vector has more impact on advanced CSI codebook than legacy low resolution codebook. Once one beam is restricted, the orthogonal basis containing restricted beams are prohibited. Hence, actually lots of orthogonal basis or W1 are prohibited in the case of advanced CSI. The number of available orthogonal basis directly impacts the performance of advanced CSI codebook. This impact is much more severe for small number of antenna ports. For instance, for 4 ports CSI-RS with dual polarization, total 8 beams are generated in each polarization. When one beam is going to be restricted, i.e., b2, eNB has to restrict several adjacent beams to make W1 composed of only one beam. It is because otherwise any pair of orthogonal beams can probably generate strong power on beam direction b2. In other words, once codebook subset restriction is applied for 4 antennas, the advanced codebook will fall back to legacy single beam codebook. The performance will be severely degraded. 
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Figure2: beam restriction for 4 antenna layout
To address the issue mentioned above, one enhancement is to restrict the available power of each beam instead of restriction of entire beam. For instance in Figure2, the using of b2 can be prohibited. While for b0, b1, and b3, only some strong amplitude is prohibited, e.g. amplitude 
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 is not allowed for b1, and b3. With this scheme, the beam direction is restricted more precisely. 
To support our proposed scheme, the upper bound of usable relative beam power of each beam can be indicated. For instance d0, d1, d2, …, d7 =[2, 1, 0, 1, 3 3 3 3] denotes the index of upper bound of usable relative beam power in Figure2, where [0 1 2 3] corresponds to relative beam power [0 
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 1] . So the available power of one beam is indicated via 2 bits. In the case of 32 ports CSI-RS, the indication of codebook subset restriction can be achieved via 256*2 = 512 bits.
One concern regarding our proposal is the overhead of RRC signaling. We observe that in practical networks only a few beam vectors are required to be restricted. Hence we can only indicate the upper bound of beam power for those beam vectors that are going to be restricted. For instance, there are total 256 oversampled beam vectors for 32 ports CSI-RS. However, when at most 64 beams are to be restricted, the required additional payload for indicating beam power is 64*2 = 128 bits. This overhead required for our proposal is 256+128 = 384 bits.
Hence we propose

Proposal: For advanced codebook, codebook subset restriction is achieved via indication of the usable beam power of those restricted beams.

3 Conclusions

This contribution discusses the utilization of Codebook Subset Restriction in advanced CSI. We propose 
Proposal: For advanced codebook, codebook subset restriction is achieved via indication of the usable beam power of those restricted beams.

References

[1] Chairman's Notes RAN1_89, 3GPP TSG RAN WG1 Meeting #89, Hangzhou, P.R. China 15th – 19th May 2017 

_1545152107.unknown

_1561984154.unknown

_1561985298.unknown

_1561985315.unknown

_1561985140.unknown

_1561907537.unknown

_1545151997.unknown

_1545152100.unknown

_1545151271.unknown

_1545151389.unknown

_1545151250.unknown

