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Introduction
In RAN1#90bis, the following conclusion, observations, and next steps about codebook subset restriction (CBSR) for advanced CSI (CBSR) were made.
	Conclusion:
· Accept codebook subset restriction for Advanced CSI and Hybrid CSI for both eMIMO types under TEI-15
Observations: 
· Alt 1: Beam restriction, restricting both strong and weak beams together
· Alt 2: Joint beam/power restriction as in R1-1718918
· Different views on performance gain from including the per-beam power restriction
· Some companies have concerns on:
· complexity of joint beam/power search
· restriction of flexibility of beam restriction for a given signalling overhead
· Alt 3: Two beam restriction bit maps, independently restricting the strong and weak beams. 
· Concerns on the signalling overhead
Next steps: 
· Further evaluate the potential gains of Alt 2 and Alt 3 joint beam/power restriction under the assumption of the same signalling overhead as beam-only restriction. 
· Aim to provide simulation results by 3rd November so that further email discussion can take place before RAN1#91. 


This contribution provides our view about the CBSR for advanced CSI codebook based on Alt 2. This contribution is a resubmission of R1-1717524. 
CBSR for advanced CSI codebook
1 
2 
The following CBSR schemes have been proposed for advanced CSI codebook.
· Beam restriction: similar to CBSR for Class A codebook, a bitmap of length  is used to restrict beams ; hence this restriction is per beam. When a beam is restricted via CBSR, then the UE is not allowed to report a PMI comprising the restricted beam. Alternatively, the UE can report a restricted beam but reports zero power value for it.
· WB beam power restriction: the use of WB beam power for DFT beams is restricted. For example, the restriction allows use of the beam power values that are less than or equal to the value indicated via CBSR; this restriction requires a bitmap of length , where 2 bits are used to restrict the WB beam power values for each of  beams.
The per beam based restriction (to restrict ) may not work for advanced CSI codebook in general. This is due to the fact that advanced CSI pre-coder linearly combines two DFT beams, hence even if a DFT beam  pointing to a certain direction is restricted, the linear combination of two 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 Class A 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 beam power restriction for CBSR can amount to large overhead if the number of beams whose WB beam power values are restricted is large (since it requires 2 bits per beam). However, it can be considered together with the proposed beam group based restriction to restrict WB beam power values of the beams in the restricted beam groups. For example, when the number of bit to restrict WB beam power values is 1, then the bit ‘1’ indicates no restriction on the WB power values (hence all four WB beam power values are allowed) and the bit ‘0’ indicates that the maximum WB power value is  (hence only WB beam power values 0, ¼, and ½ are allowed). Note that there is no additional overhead associated with WB beam power restriction in this example.      
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· 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
· WB beam power restriction can be supported for the beams in the P restricted beam groups
· If supported, 1 bit is used to restrict WB beam power values for each beam.

Conclusions
In this contribution, the codebook subset restriction for advanced CSI codebook is discussed. The proposals made are summarized as follows. 
Proposal: For advanced CSI codebook, 
· 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
· If WB beam power restriction can be supported for the beams in the P restricted beam groups
· If supported, 1 bit is used to restrict WB beam power values for each beam.
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