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1 Introduction
[bookmark: _Ref129681832]At last RAN1 AH#3 meeting, lots of agreements were achieved on codebook subset restriction (CSR) [1]. One remaining issue is CSR for rank3-4 codebooks for 16, 24, and 32 ports. 
Agreements:
· Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
· Use single bitfield, determine restricted  depending on restricted 
· FFS details
In this contribution, we analyze the beam shape that rank3-4 codebook formed, and then give our proposal on CSR for this case.
2 Discussion
2.1 CSR for rank 3-4 codebooks for 16, 24 and 32 ports
In the last meeting, CSR for Type I single-panel has been agreed. A common bitmap of length  is used for all ranks, where each bit is associated with a DFT beam  for ranks 1/2/5~8, and associated one or more DFT beams for rank 3/4. The restricted  is determined based on restricted .
Several contributions in the last meeting discussed the relationship between the restircted  and the restricted  [2-4]. For example, it is proposed that  is restricted if  such that     is restricted. Equivalently, it can be expressed as 
· If  is even, then   being restricted means  such that  is restricted, and
· If  is odd, then   being restricted means  such that  and  are restricted.
This association is reasonable based on our proof in the appendix.
However, the current agreement does not touch the restriction of the wideband cophasing 
betwwen antenna groups. This remianing issue should be addressed in the coming RAN1 meeting. In our view, the angular direction that a rank3-4 codebook formed is highly dependant on , as well as wideband cophasing . Moreover, the relationship between angular direction and  and  is actually known by gNB, because the antenna ports in a panel are to be well calibrated. In our understanding, as far as the angular direction to neighbor cells is restricted, the more codebooks is available, the more cell edge performance we would gain. 
According to our proof, only with a specific wideband cophasing, the beam  could generate strong beam power along the direction of the associated beam  . With other cophasings, however, the beam lobe is not aligned with the  any more. One example is shown in the Fig.1 (left), where the beam lobes of  with different cophasings are plotted (colored lines), and the beam lobes of all  are also ploted (dased lines). It can be seen that if  is restricted, then  with should be restricted, but not  with or . Thus, restricting specific wideband cophasing(s) and a DFT beam together is reasonable.
Proposal 1: For Type I SP rank 3-4 codebooks for 16, 24, and 32 ports, determine restricted inter-group cophasing and restricted beam  based on the restricted .



Figure 1 (left)  with all cophasings
Based on our analysis in the appendix, the restricted cophasing can be determined according to the following rule:
· If is restricted, wideband co-phasing is restricted as well, and  can not be used to construct precoder with the restricted  for rank 3/4.
This mapping can be concluded in a more generalized manner and is summarized in Table 1:
Table 1 Proposed association between CSR bitmap and beams/cophasing for rank 3/4
	Bit in the bitmap
	Associated beams for rank 3/4
	Associated cophasing

	 ( is even)
	 
	

	 ( is odd)
	,  
	



Proposal 2: Beam restriction for Type I single-panel codebook is done with a bitmap of length N1O1N2O2 where 
· when rank is 3/4  with 16 CSI-RS ports, bit  is at least associated with the precoder(s) based on 
· the combination of and  when   is even,
· the combination of and  when   is odd, where 
· k1=0,1,…,N1O1-1, and  k2=0,1,…, N2O2-1.

3 Conclusions
In this contribution, we analyze the beam shape that rank3-4 codebook formed and have the following proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For Type I SP rank 3-4 codebooks for 16, 24, and 32 ports, determine restricted inter-group cophasing and restricted beam  based on the restricted .
Proposal 2: Beam restriction for Type I single-panel codebook is done with a bitmap of length N1O1N2O2 where 
· when rank is 3/4  with 16 CSI-RS ports, bit  is at least associated with the precoder(s) based on 
· the combination of and  when   is even,
· the combination of and  when   is odd, where 
· k1=0,1,…,N1O1-1, and  k2=0,1,…, N2O2-1.
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Appendix A
Mapping relation derivation:
· The relation between  and  : 

where , and if O=4, then .  
That is to say, beam  and beam constructed by  and  generate strong power in the same spatial direction. Thus, if  is restricted, then the vector constructed by  and  should also be restricted. 
Observation 2: If DFT beam  is restricted, then at least the combination of DFT beam  and inter-group cophasing  should be restricted as well.
· The relation between  and ,  :

where  is a rotation matrix for beams of length N， and  is a rotation matrix for beams of length N/2, which rotates an angle of  .  . 
 Thus,  

where . If O=4, then  .
Since  only rotates a half of the angle interval of the beams , both  and  can generate strong power along the direction of , when working with . Thus, we have the following observation:
Observation 3: If DFT beam  is restricted, then at least the combination of DFT beam   and co-phasing , and the combination of DFT beam   and  should be restricted.
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