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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]It has been agreed at RAN1 #95 [1] that:
Agreement
For Rel-16 NR, agree on Alt1 (DFT-based compression) in Table 1 of R1-1813002 as the adopted Type II rank 1-2 overhead reduction (compression) scheme as formulated in Alt1.1 of R1-1813002
· Note: The same DFT-based compression scheme is extended for Type II port selection codebook
· Codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks with overhead reduction (compression) scheme
· FFS: detailed signaling mechanism 
· Note: Additional compression scheme(s) are not precluded 

In this contribution, we discuss the codebook subset restriction (CBSR) for DFT-based compression codebook.

CBSR design
CBSR for R15 Type II codebook
CBRS is an effective method to suppress the interference of adjacent cells through restriction of the direction and strength of some spatial beams. For R15 Type II codebook, the CBSR is implemented in two dimensions:
1) Restriction of spatial beam vectors. Part of  SD beam vector groups are restricted, where each SD beam group comprises  spatial beam vectors.
2) Restriction of the WB amplitude of spatial beam vectors. Because weak spatial beams do not cause strong interference to the other cells, in order to improve the freedom of beam selection, additional restriction of the WB amplitude is introduced to each of the restricted spatial beam vectors.





The bitmap parameter n1-n2‑codebookSubsetRestriction forms the bit sequence to achieve the CBSR for R15 Type II codebook. The UE shall be configured with restrictions for 4 vector groups  indicated by binary sequence B1 through predefined encoding rule, k=0, 1, 2, 3. The bit sequence  is the concatenation of the bit sequences  corresponding to the group indices . According to Table I, the pair of bits  indicate the maximum allowed amplitude coefficient  for the vector in group  indexed by  and , where , .

Table I. Maximum allowed amplitude coefficients for restricted vectors
	
Bits 
	Maximum Amplitude Coefficient 

	
	

	00
	


	01
	


	10
	


	11
	





CBSR for R16 DFT-based compression codebook
In RAN1 #95, it has been agreed that codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks. In previous meetings, the CBSR for DFT based compressed codebook was discussed in some contributions [2-9], and it can be summarized into two types:
· Type 1: The spatial beam vectors and their corresponding amplitude of spatial-frequency coefficients are restricted.
· Type 2: The spatial beam vectors, FD basis vectors and their corresponding amplitude of spatial-frequency coefficients are all restricted.
In fact, the main purpose of CBRS is to control the direction and strength of spatial beams. For FD compressed codebook, the FD basis vectors correspond to the time domain taps of the fading channel. It is worth noting that the propagation delays involved in one beam is one of the basic characteristics of fading channels. The selection of FD basis can not be restricted just as the delay taps in time domain can't be excluded. Furthermore, due to the normalization in spatial-frequency LC coefficients quantization and the phase correction proposed in [10], the relationship between FD basis and channel delays becomes more complicated and unclear. It is hard to determine in advance which FD basis vector needs to be restricted to achieve the control of spatial beam. At least for now, we have not found sufficient reasons for limiting the FD basis vectors. Many companies are also concerned about the motivation of FD basis restriction [2, 4-5]. It can be expected that unreasonable restrictions on FD basis vectors will result in obvious performance loss.
For the CBSR of compressed codebook, a simple and effective method is following the basic principles of existing CBSR for R15 Type II codebook. In R15 CBSR of Type II codebook, the strength of SD beam can be limited by restriction of maximum allowed WB amplitude. However, the WB amplitude of restricted SD beam can not be obtained directly for R16 compressed codebook. It requires us to explore the equivalent solution to restrict the strength of SD beams. The DFT-based compressed codebook can be expressed as . For N3 FD units, the coefficients corresponding to i-th spatial beam can be written in the form of vector as follows,  
                                      (1)
where is the i-th row vector of . Because of is the normalized orthogonal basis matrix, the WB amplitude of i-th spatial beam can be expressed as
                (2)
where  is the element of  in i-th row and j-th column which corresponding to i-th SD beam vector and j-th FD bais vector, j=1, 2,…, M. The relationship between WB amplitude and amplitude of spatial-frequency coefficients corresponding to i-th SD beam is established by Equ.(2). It provides an effective solution to restrict the WB amplitude of SD beam by restriction of the maximum allowed amplitude of coefficients corresponding to this beam, e.g. . Specifically, for the DFT-based compressed codebook, the CBSR can be implemented as:
1) Restriction of spatial beam vectors. Part of SD beam vector groups are restricted.
2) Restriction of the maximum quantized amplitude of coefficients corresponding to the SD beam vector in the restricted beam vector groups.
Based on analysis above, the proposed solution has little impact on specification. No additional fields need to be introduced and the bitmap parameter n1-n2‑codebookSubsetRestriction in R15 can be reused for DFT based compressed codebook. The bit sequence B1 is used to indicate the restricted SD beam group indices in the same manner with R15 Type II codebook. For the k-th restricted SD beam group, the bit sequences  is used to indicate the maximum allowed amplitude of the spatial-frequency coefficients corresponding to N1N2 restricted SD beams. The candidate value of maximum allowed amplitude  can be predefined in the similar approach as Table I and designed based on the quantization values of reference amplitude and differential amplitude. 

Observation 1: Restriction of WB amplitude corresponding to a spatial beam can be achieved by restricting the amplitude of spatial-frequency coefficients corresponding to the beam. 
Observation 2: The bitmap parameter n1-n2‑codebookSubsetRestriction in R15 can be reused to indicate the CBSR of compressed codebook.
Proposal 1: For the CBSR of FD compressed codebook, the principle of existing CBSR for R15 Type II codebook should be reused so that only SD beam vectors and their corresponding amplitude of spatial-frequency coefficients are restricted.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discusses the CBSR for Rel-16 DFT-based compression codebook, based on which the following observations and proposals are made.
Observation 1: Restriction of WB amplitude corresponding to a spatial beam can be achieved by restricting the amplitude of spatial-frequency coefficients corresponding to the beam. 
Observation 2: The bitmap parameter n1-n2‑codebookSubsetRestriction in R15 can be reused to indicate the CBSR of compressed codebook.
Proposal 1: For the CBSR of FD compressed codebook, the principle of existing CBSR for R15 Type II codebook should be reused so that only SD beam vectors and their corresponding amplitude of spatial-frequency coefficients are restricted.
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