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1. Introduction
In RAN1 #89 [1], the codebook structure for both Type I and Type II CSI was agreed. Considering the above, RAN1 can address such important feature of NR as codebook subset restriction (CBSR). In this contribution we discuss basic principles of CBSR for NR Type I and Type II CSI. Moreover certain considerations on CBSR design for NR are provided taking in consideration specific features of particular NR codebooks such as antenna grouping PMI structure and multi-panel co-phasing for Type I and variable beam power for Type II.
2. Discussion
2.1. Basic principles of CBSR
	CBSR was introduced in LTE, it avoid CSI reporting for the undesired directions. The functionality of LTE CBSR includes RI restriction and PMI restriction, which provide sufficient flexibility to control PMI precoding from the UE. The content of CSI in NR is quite similar to LTE: NR supports such CSI components as RI and PMI. Hence, to provide the benefits of CBSR both RI and PMI restriction should be supported. 
Proposal 1: NR should support RI restriction as well as PMI restriction to provide flexibility to apply different precoding strategies at the gNB.
	Since the number of possible RI values is low, bitmap with one-to-one corresponding between each bit in bitmap and RI value can be specified for the purpose of RI restriction. At the same time, the number of possible PMI values especially for larger number of antenna ports is too high to support one-to-one correspondence between PMIs and bits in the bitmap. Therefore, solution with reduced signaling overhead should be considered. More specifically, similar to LTE, DFT beam restriction can be introduced, so that the PMI can be considered as restricted if at least one beam is restricted by the corresponding DFT beam restriction bitmap. For co-phasing of the polarization the bitmap should not be used as it doesn’t affect the beamforming direction.
Proposal 2: PMI restriction is supported in NR, 
· One bitmap should be specified for RI restriction
· One bitmap should be specified for PMI restriction
2.2. CBSR for Type I single-panel codebooks
	NR Type I single-panel codebook structure is similar to LTE FD-MIMO codebooks, except Rank 3, 4 codebooks for 16, 24 and 32 antenna ports at the gNB. Let us consider CBSR for less than 16 ports at the BS. In this case the beamforming vector for PMIs of all ranks is represented as 2D DFT beam denoted as bi, which is represented as Kronecker product of two 1D DFT vectors. 




, 
In this case in order to restrict transmission in specific direction bitmap with size N1N2O1O2 can be specified, where each bit ai corresponds to DFT beam bi, wherein if at least one layer of the PMI is comprised of bi, the PMI is considered to be restricted and cannot be reported by the UE. 
Proposal 3: For Type I single-panel codebook support bitmap for DFT beam restriction with size N1N2O1O2
· If the corresponding bit in the bitmap is set to zero, then all PMIs which are comprised of the corresponding DFT beam are considered to be restricted.
	Rank 3, 4 PMIs for 16, 24 and 32 antenna ports has different structure comparing to Type I single-panel PMI. Therefore, it is questionable whether the same approach as for other Type I PMI structure can be used for all the ranks. The issue, however, can be addressed without introduction of the new bitmap for Rank 3, 4 codebooks. For example, to identify whether PMI is restricted or not the correlation of the DFT beam and vector of PMI can used. If correlation is substantially high with the restricted beam, the PMI should be considered as restricted.
Proposal 4: For rank 3-4 for 16, 24 and 32 ports Type I single-panel codebooks, PMI restriction is determined from DFT beam restriction by computing correlation between vectors. If correlation is high, the corresponding PMI should be considered as restricted.
2.3. CBSR for Type I multi-panel codebooks
	The construction of multi-panel codebook is based on DFT based beamforming per each panel and co-phasing of polarization and panels, where the same DFT beam is applied for all panels and polarizations. The example of precoder p for rank 1 multi-panel codebook and 2 panel antenna is shown below, where c1, c2, c3 are independently reported in accordance to Mode 2 of multi-panel codebooks.


In the example above it is assumed that antenna port indexing is performed in such way so that the [bT  c1·bT]T corresponds to beamforming of the first polarization and [bT  (c3/c2)·bT]T to beamforming vector of the second polarization.


Figure 1. Illustration of precoding for multi-panel antenna array 
The direction of the transmission in the PMI structure above is determined by the DFT beam denoted as b and co-phasing coefficients c2 and c3/c2. Therefore, CBSR for multi-panel codebook PMI restriction should consider all possible combinations of DFT beams and co-phasing coefficients, which are determining direction of the transmission. The resulting size of bitmap in that case equals to 4(Ng-1)·N1N2O1O2. 
Proposal 5: For Type I multi-panel codebooks, beamforming vector restriction is represented as bitmap that covers all possible combinations of DFT beams and co-phasing coefficients, which are determining beamforming direction of the transmission.
2.4. CBSR for Type II codebooks
	Type II CSI was designed in order to enhance the performance of MU-MIMO transmission. The accuracy of spatial channel feedback in case of Type II CSI allows to improve interference suppression through usage of the advanced precoding strategies such as SLNR or MMSE. First, accurate knowledge of the channel increase suppression capabilities of intra-cell interference. The beamforming vector in Type II codebook is represented as linear combination of 2, 3 or 4 DFT beams as follows

,
· 
 – wideband (WB) beam amplitude scaling factor for beam i and on polarization r and layer l
· 
 – subband (SB) beam amplitude scaling factor for beam i and on polarization r and layer l
· Cr,l,I – beam combining coefficient (phase) for beam i and on polarization r and layer l

	For codebook subset restriction for Type II CSI reporting, two bitmaps A1 and A2 can be considered, where the first bitmap is used for DFT beams restriction corresponding to high power beams. If the corresponding bit in the bitmap is set to zero, then reporting of beam with WB beam amplitude scaling factor exceeding threshold P is considered to be restricted. The second bitmap is used for restriction of the DFT beams with low power: if corresponding bit in the bitmap is set to zero, then reporting of beam with WB beam amplitude scaling factor under threshold P is considered to be restricted. Where P can be defined in specification or configurable by high-layer signaling.
Proposal 6: For Type II CSI support two bitmaps for PMI restriction:
· 
Bitmap for DFT beams with WB beam amplitude scaling factor ≥ P
· 
Bitmap for DFT beams with WB beam amplitude scaling factor < P

2.5. CBSR for Beamformed or Hybrid CSI
	In case of CSI reporting using beamformed CSI-RS, gNB typically has enough flexibility to select the beamforming for CSI-RS to avoid beamforming to the undesirable transmission direction(s). Therefore, in case of hybrid CSI with non-precoded CSI-RS for the first MIMO type and beamformed CSI-RS for the second MIMO type, the codebook subset restriction for the beams should be only applied to CSI of non-precoded CSI-RS, while rank restriction bitmap should be considered for both MIMO types.
Proposal 7: In case of hybrid CSI, support beam restriction for the first MIMO type and rank restriction for both MIMO types. 
3. Conclusion
[bookmark: _GoBack]In this contribution we discussed aspects related to CBSR for NR. Based on the discussion above following proposals are made.
Proposal 1: NR should support RI restriction as well as PMI restriction to provide flexibility to apply different precoding strategies at the gNB.
Proposal 2: PMI restriction is supported in NR, 
· One bitmap should be specified for RI restriction
· One bitmap should be specified for PMI restriction
Proposal 3: For Type I single-panel codebook support bitmap for DFT beam restriction with size N1N2O1O2
· If the corresponding bit in the bitmap is set to zero, then all PMIs which are comprised of the corresponding DFT beam are considered to be restricted.
Proposal 4: For rank 3-4 for 16, 24 and 32 ports Type I single-panel codebooks, PMI restriction is determined from DFT beam restriction by computing correlation between vectors. If correlation is high, the corresponding PMI should be considered as restricted.
Proposal 5: For Type I multi-panel codebooks, beamforming vector restriction is represented as bitmap that covers all possible combinations of DFT beams and co-phasing coefficients, which are determining beamforming direction of the transmission.
Proposal 6: For Type II CSI support two bitmaps for PMI restriction:
· 
Bitmap for DFT beams with WB beam amplitude scaling factor ≥ P
· 
Bitmap for DFT beams with WB beam amplitude scaling factor < P
Proposal 7: In case of hybrid CSI, support beam restriction for the first MIMO type and rank restriction for both MIMO types. 
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