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Introduction
In RAN1 #90 meeting, the codebook subset restriction for Type I and Type II codebooks have been discussed.  The following agreements were made [1]:
· Codebook subset restriction (CSR) is supported for Type I single-panel
· CSR supports DFT beam restriction and rank restriction
· Beam restriction is bitmap of length N1O1N2O2 where each bit is associated with DFT beam
· If a PMI is comprising of at least one restricted DFT beam, this PMI is considered as restricted
· FFS:  Beam restriction for rank 3-4 codebooks for 16,24 and 32 ports
· CSR is supported for Type I multi-panel
· CSR supports at least rank restriction and beam restriction
· FFS: Details
· FFS beamforming direction restriction, e.g., it can include at least DFT beam
· FFS CSR for Type II
· CSR supports DFT beam restriction and rank restriction and FFS power restriction
· FFS: Details
· FFS: Impact of CSR on CSI reporting payload size
· FFS CSR for 2Tx
In this contribution, we discuss open issues related to Type I and Type II codebook subset restriction.
CSR for Type I single-panel
CSR for 2TX
The codebook for 2Tx only include a co-phasing factor in PMI. If the codebook subset restriction is needed, then a 4 bit-map table can be used to indicate the restricted co-phasing for 2Tx. The gNB can signal UE the restricted co-phase and UE can simply avoid any CSI calculation and reporting for the restricted co-phase and avoid such PMIs. 
[bookmark: _Toc492980230]Proposal 1:	Same CSR for 2Tx design as LTE for NR.
Beam restriction for rank 3-4 codebooks for X ≥ 16 ports
In contrast to other rank’s DFT beam definition in PMI, for rank 3-4 with X ≥ 16 ports, the DFT beam dimension is halved on its 1st dimension. In addition, inter subarray co-phasing factor in introduced for subarray concatenation. Total hypothesis of rank 3~4 X ≥ 16 ports W1 beams is actually doubled compared with length-X DFT beams. The beamforming direction is therefore largely different from other ranks DFT beam, which prohibits of leveraging the save CSR bit-map table.
As mentioned in [2], one way to find the restricted beam for such subarray codebook is to find the correlation value that exceeds certain threshold. In our understanding, each of the restricted beams of length-X DFT beams will be calculated with N1/2*N2*O1*O2*2 beams, since the inter subarray factor flipped over the odd/even layers. This would introduce large complexity on UE side. One way of avoid such calculation is a separately defined mapping table or mapping rule for length-X DFT beam to length X/2 DFT beam and co-phase, but it will also introduce complication in specification.
[bookmark: _Toc492980223]Observation 1:	The test of all beam hypothesis with the restricted beams of other ranks cause UE computation or large storage needs, which should be avoided.
In fact, the inter subarray co-phasing factor may be neglected in CSR. The observation is based on the fact that odd/even layers actually flips their phase. It is very likely that the co-phase generate small correlation with length-X beams will appear high correlation on its next layer’s flipped version. It is therefore useless to restrict inter subarray co-phase. If only length-X/2 DFT beams is restricted, the total overhead for beam restriction is halved compared with other rank CSR table. This will introduce less burden to RRC signalling.
[bookmark: _Toc492980224]Observation 2:	DFT beam restriction should be sufficient for rank 3~4.
[bookmark: _Toc492980231]Proposal 2:	For UE simplicity perspective, a separate CSR table which include N1/2*N2*O1*O2 beams in indicated to UE, if the UE supports rank 3~4 Type-I CSI and X ≥ 16 ports. 
CSR for Type I for multi-panel
As mention in [2], a CSR table for each of the hypothesis in W1 should be restricted by a bit-map table. Such application brings largest flexibility to gNB. The cost is large overhead in signaling payload. One extrema case is for , totally 4096bits is needed.
[bookmark: _Toc492980225]Observation 3:	Restriction of all wideband PMI requires significant large overhead in bit-map.
One way to reduce the signaling overhead is that beam restriction and per-panel co-phasing is separately configured to UE. And per-panel co-phase restriction is applied to only the restricted beams. If the restricted beam is less in total beams, then the overhead reduction can be expected. The PMI is prohibited from reporting when both beam and per-panel co-phase is restricted.
[bookmark: _Toc492980232]Proposal 3:	Per-panel co-phasing restriction is only configured for restricted beams for Type-I multi-panel CSI.
CSR for Type II CSI
Type II Cat 1 CSI
The major motivation of CSR is to restrict certain PMIs that introduce large interference to neighbouring cells. Since the DFT beam is the same for Type-I and Type-II Cat-1 CSI codebook, the sharing between Type-I and Type-II CSI’s CSR seems straight forward. This saves extra signalling for Type-II CSI’s beam CSR.
[bookmark: _Toc492980226]Observation 4:	A common beam CSR bit-map table can be shared between Type-I and Type-II CSR.
As indicated in [4], a different CSR table shall be provided for Type-II CSR. The wideband amplitude restricted value is provided for each DFT beam.  Totally Q*N1*N2*O1*O2 bits is reported via signaling, where Q is the amplitude quantization level. In our understanding, this can be seen as a more finer granularity of beam restriction. However, it is unclear the benefit of introducing amplitude restriction as compared with beam restriction alone. Another main issue of amplitude restriction that it will cause complication in UE’s PMI calculation. 
[bookmark: _Toc492980227]Observation 5:	No clear benefit of performing wideband amplitude restriction for Type-II CSR.
[bookmark: _Toc492980233]Proposal 4: 	Type-II CSR should not support amplitude restriction.
Type II Cat 3 CSI
For Type-II Cat 3 CSI reporting, a beam group selection coefficient factor, namely as ‘m’ will be feedback to base station. One remaining issue is whether ‘m’ value should be restricted for PMI reporting. Since the beams for Cat 3 CSI is from base station transmitted beamformed CSI-RS, it should be up to base station implementation that avoid the transmission on restricted beams, rather than restrict ‘m’ in PMI reporting. 
[bookmark: _Toc492980228]Observation 6:	Base station can avoid transmission of restricted beams for Type-II Cat3 CSI.
[bookmark: _Toc492980234]Proposal 5: 	No Type-II Cat 3 CSR in NR-MIMO.
Impact of CSR on CSI reporting payload size
In some designs, CSI reporting payload size is considered to be changed accordingly with CSR. The concurrent CSR at least will support rank restriction and beam restriction for Type-I CSI. For Rank restriction, since the total payload size for rank is already limited in reporting, the benefit is not strong for rank restriction. For beam restriction, only if over half of the beam is restricted, the payload size can be reduced by only 1 bit. In practice, it is hard to say whether CSR should inclusive that many beams to be restricted. Therefore, the benefit is also minimal for CSI reporting payload size updated with CSR.
[bookmark: _Toc492980229]Observation 7:	There’s no clear benefit of changing CSI reporting payload size for CSR.
[bookmark: _Toc492980235]Proposal 6:	Changing CSI reporting payload size is not supported for NR.
Conclusion
In this contribution, we discuss remaining CSR issues for NR-MIMO.  We have following observation:
Observation 1:	The test of all beam hypothesis with the restricted beams of other ranks cause UE computation or large storage needs, which should be avoided.
Observation 2:	DFT beam restriction should be sufficient for rank 3~4.
Observation 3:	Restriction of all wideband PMI requires significant large overhead in bit-map.
Observation 4:	A common beam CSR bit-map table can be shared between Type-I and Type-II CSR.
Observation 5:	No clear benefit of performing wideband amplitude restriction for Type-II CSR.
Observation 6:	Base station can avoid transmission of restricted beams for Type-II Cat3 CSI.
Observation 7:	There’s no clear benefit of changing CSI reporting payload size for CSR.
In addition, we propose
Proposal 1:	Same CSR for 2Tx design as LTE for NR.
Proposal 2:	For UE simplicity perspective, a separate CSR table which include N1/2*N2*O1*O2 beams in indicated to UE, if the UE supports rank 3~4 Type-I CSI and X ≥ 16 ports.
Proposal 3:	Per-panel co-phasing restriction is only configured for restricted beams for Type-I multi-panel CSI.
Proposal 4: 	Type-II CSR should not support amplitude restriction.
Proposal 5: 	No Type-II Cat 3 CSR in NR-MIMO.
Proposal 6:	Changing CSI reporting payload size is not supported for NR.
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