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Introduction
In RAN1#90, the following agreement about codebook subset restriction (CBSR) was made.
	Agreements:
· 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


This contribution discusses the highlighted FFS items in the agreement. 
CBSR for Type I codebook
The first open issue about Type I single-panel (SP) codebook is beam restriction for rank 3-4 codebooks for 16, 24, and 32 ports. There are at least three alternatives for beam restriction.
· Alt 0: Restrict  using a bitmap of length 
· 



Alt 1: Restrict  using a bitmap of length  The restriction on  is derived implicitly depending on the restricted . For example, if any  is restricted, then  is restricted
· 
Alt 2: Restrict  using a bitmap of of length 
where



.
Alt 0 is aligned with the agreed CBSR for Type I SP codebook wherein DFT beams are restricted. Also, it requires the least number of bits to configure CBSR. Alt 0 however requires a separate bitmap from the bitmap for CBSR for other Type I SP codebook. Alt 1 on the other hand does not require a separate bitmap, but requires more bits (2 times) for CBSR. Finally, Alt 2 restricts the WB precoder component which includes DFT beam  and inter-group phase . It is questionable whether we need to restrict the whole WB precoder component for CBSR since the purpose of CBSR is to restrict transmission in certain beam directions. We therefore propose CBSR according to Alt 0 or Alt 1 in this case.
The second open issue is about the details of beamforming direction restriction for Type I multi-panel (MP) codebook. There are at least two alternatives for beamforming direction restriction.
· Alt 0: Restrict  using a bitmap of length 
· Alt 1: Restrict  and at least one of (k1, k2) and p using a bitmap of length , where (k1, k2) is used to report an orthogonal DFT beam in rank 2-4 MP codebook and p is used to report WB inter-panel phase, and  number of possible (k1, k2) values and p.
Similar to CBSR for rank 3-4 SP codebook, Alt 0 is aligned with the agreed CBSR for Type I SP codebook wherein DFT beams are restricted, an also it requires the least number of bits to configure CBSR. The need for CBSR to restrict the WB precoder component according to Alt 1 is unclear. We hence propose Alt 0 in this case. 
Regarding the impact of CBSR on CSI reporting payload size, there is not much payload saving since restriction is on rank and beam direction. Therefore, CSI reporting payload size should not be impacted due to CBSR. 
Finally, for 2-Tx codebook, there is no need for CBSR.
Proposal 1: For Type I CSI codebook,
· For SP rank 3-4 codebooks for 16, 24, and 32 ports, CBSR restricts DFT beams according to one of the following alternatives: 
· Alt 0: Restrict  using a bitmap of length 
· Alt 1:Restricted  using a bitmap of length ; is restricted if  is restricted
· For MP codebook, beamforming direction restriction restricts  using a bitmap of length 
· CSI reporting payload size is not impacted
· No CBSR for 2Tx CB
CBSR for Type II codebook
1 
2 
The following CBSR schemes have been proposed for Type II CSI codebook.
· Beam restriction: similar to CBSR for Type I, a bitmap of length  is used to restricts beams .
· WB amplitude restriction: the use of WB amplitude codebook for DFT beams is restricted. For example, the restriction allows use of the smallest amplitude values; this restriction requires a bitmap of length , where  number of DFT beams whose WB amplitudes are restricted.
· Rank restriction: restricts the values for RI reporting. 
The agreed beam restriction (to restrict ) for Type I CSI codebook does not work for Type II CSI codebook in general. This is due to the fact that Type II precoder linearly combines multiple DFT beams, hence even if a DFT beam  pointing to a certain direction is restricted, the linear combination of its adjacent beams that are not restricted can still point in the direction close to  To avoid this, the DFT beams should be restricted in beam groups. This is also true in general (even for Type I CSI codebook) that restricted beams can form beam groups. In particular,  DFT beams are partitioned into beam groups  comprising  adjacent beams, where
·  is the leading DFT beam of the beam group,,  
·  is the beam group.

A bitmap  is used for CBSR, where 
· the bitmap  has a fixed length  and restricts the values of the beam group indicator (r1, r2); hence  for 1D port layouts and  for 2D port layouts. 
· the bitmap  is a concatenation of  bitmaps, where the i-th bitmap  and . The i-th bitmap  restricts the DFT beams in the beam group  corresponding to the i-th restricted beam group indicator . The length of the bitmap  is .

The length of the overall bitmap  is  for 1D port layouts (N2 = 1) and  for 2D port layouts (N2 > 1). The value P can be fixed, for example, to P = 2.

The size of the beam group  can be chosen differently. For example, each beam group  may comprises  adjacent beams. 

The use of WB amplitude restriction for CBSR can amount to large overhead if the number of beams whose WB amplitudes are restricted is large (since it requires 3 bits per beam). However, it can be considered together with the proposed beam group based restriction to restrict WB amplitudes of the beams in the restricted beam groups.       
Since beam groups for both rank 1 and rank 2 are the same, there is no need for rank restriction for Type II CSI codebook.
Finally, similar to Type I, Type II CSI reporting payload size should not be impacted due to CBSR.
[bookmark: _Ref446598642]Proposal 2: For Type II CSI codebook, 
· Rank and WB amplitude restriction are not supported
· Beam restriction based on beam groups is supported
· Partition  DFT beams into beam groups  comprising  adjacent beams
·  is the leading DFT beam, ,  
· 
· Bitmap 
·  has a fixed length  and restricts (r1, r2) values
·  
·  # (r1, r2) values restricted via 
·  has length  and restricts DFT beams in  corresponding to i-th restricted (r1, r2) value via 
· Total length of the bitmap =  
· P is fixed, e.g. P=2
· CSI reporting payload size is not impacted
Conclusions
In this contribution, the open issues about codebook subset restriction for Type I and Type II CSI codebooks are discussed. The proposals made are summarized as follows. 
Proposal 1: For Type I CSI codebook,
· For SP rank 3-4 codebooks for 16, 24, and 32 ports, CBSR restricts DFT beams according to one of the following alternatives: 
· Alt 0: Restrict  using a bitmap of length 
· Alt 1:Restricted  using a bitmap of length ; is restricted if  is restricted
· For MP codebook, beamforming direction restriction restricts  using a bitmap of length 
· CSI reporting payload size is not impacted
· No CBSR for 2Tx CB
Proposal 2: For Type II CSI codebook, 
· Rank and WB amplitude restriction are not supported
· Beam restriction based on beam groups is supported
· Partition  DFT beams into beam groups  comprising  adjacent beams
·  is the leading DFT beam, ,  
· 
· Bitmap 
·  has a fixed length  and restricts (r1, r2) values
·  
·  # (r1, r2) values restricted via 
·  has length  and restricts DFT beams in  corresponding to i-th restricted (r1, r2) value via 
· Total length of the bitmap =  
· P is fixed, e.g. P=2
· CSI reporting payload size is not impacted
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