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1. INTRODUCTION
[bookmark: _Hlk521410680]In WG1 Meeting #98, RAN1 further discussed proposed solutions for CBSR [1]. As a result, three alternatives were agreed for down selection. In this contribution, we provide our views on remaining details and provide a solution to implement CBSR efficiently for Rel-16.
	[bookmark: _Hlk16498632]On CBSR for Rel.16 Type II codebook:
· Support SD-only subset restriction (without FD)
· In RAN1#98bis, select one of the following criteria for SD subset restriction:
· Alt1. Analogous to Rel.15 Type I
· Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Alt3. Rel. 15 Type II SD beam group restriction + sum power per SD beam restriction
· Support RI restriction

On CBSR for Rel-16 Type II codebook, the three agreed alternatives for down selection are further clarified as follows. No other alternatives or sub-alternatives will be considered for down selection.
· Alt1. Analogous to Rel.15 Type I
· Hard restriction (0 or 1) can be applied to any of the spatial beams (the restriction is applied for both polarizations of the beam) and is higher-layer configured with one size-N1N2O1O2 bitmap B
· Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· For each spatial beam in each of the four beam groups, soft restriction (maximum amplitude of  ) is applied to any of the coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps  
· Alt3. Rel. 15 Type II SD beam group restriction + joint per SD beam restriction
· Four beam groups are selected via higher-layer configured bitmap B1
· Amplitude restriction:
· 

Alt 3A (Sum power ratio): For each beam  in each of the four beam groups, power ratio threshold  (definition and values FFS) is configured, the following criterion should be satisfied:  
· 
[bookmark: MTBlankEqn]Alt 3B (Restriction on ): For each beam  in each of the four beam groups and FD index k0, 0≤k0<N3, wideband gain threshold  (maximum threshold of ) is configured, the following criterion should be satisfied:  
· i.e. the “wideband gain” in the frequency domain of the precoder is restricted similarly to Rel. 15
· This maximum amplitude restriction is higher-layer configured with four bitmaps   


2. BACKGROUND 
In Rel-15, CBSR was supported to mitigate the inter-cell interference. The Rel. 15 Type II CBSR was imposed on up to 4 beam groups of size , through restricting their WB and subsequently SB amplitudes. The maximum allowed amplitude coefficients for the restricted beams were selected from .
In Rel-16 Type II, the reported coefficients are the frequency domain transform of the sub-band information and do not directly present them. So, applying the amplitude restriction on the reported coefficients could cause distortion in the beamforming, and it may not achieve the desired CBSR.

3. SCHEMES FOR CBSR  
In the last meeting, three different alternatives were identified and agreed for down selection. To our understanding, the selection should be based on finding a simple solution while not performing inferior to Rel-15 baseline. The three proposed alternatives are summarized below.

Alt 1: In Alt 1, the restriction is applied on the spatial beams, where the restricted beam will be totally excluded from being selected or reported in PMI. This is the simplest option; however, it results in complete exclusion of interfering beams regardless of their relative impact, and it subsequently reduces the choices of the available beams. In Rel-16, it is desired to obtain at least the same or a better performance than Rel-15. 

Alt 2: In Alt 2, the restriction is applied on the coefficients in  corresponding to the restricted beam. Due to the applied FD-compression, the coefficients in  are the transform of the linear combination coefficients in . Although applying an attenuation on all terms in  would linearly decrease the amplitudes in the associated , but it also attenuates the coefficients (beams) with already lower amplitudes. This is not reasonable as the linear combination coefficients are selected jointly with other beams and just blindly attenuating the whole beam will result in inaccurate  description of desired beam and degrading the overall performance. 
For instance, Figure 1 compares the CBSR as proposed in Alt2 with CBSR in DFT transformed Rel-15 as the baseline, where restriction equal to  is assumed. It can be observed that Alt2 results in a very different outcome than the Rel-15.

Observation 1: Applying the same restriction on all coefficients of  is not consistent with the Rel-15 CBSR, and it would degrade the beamforming performance.

[image: ]
[bookmark: _Ref20312759]Figure 1 Example of CBSR=1/2 in Rel.15 Type II versus Alt2
Alt 3: In Alt 3, two modes are proposed. In Alt 3A, the restriction is imposed on the sum power, which is jointly calculated throughout frequency indices, layers, and polarizations. This option increases the complexity at the UE as it requires more computations for finding the optimized restricted sum-power while jointly satisfying multiple conditions. 
Alt 3B is the optimized scheme that is the same as what has been proposed in Rel-15 Type II CBSR. The concern is that it requires changing the way the CSI is calculated for the restricted beams. This causes the UE to follow different procedures in computing the CSI: one for restricted beams, and one for non-restricted beams. So, although Alt 3B achieves the most accurate CBSR, its implementation methodology is more complex.

Observation 2: In Rel-16 CBSR, applying the CBSR restriction on  would force UE to follow different procedures in computing the CSI: one for restricted beams, and one for non-restricted beams. So, in down selection of the CBSR methodology, the implementation should be considered.

4. COMBINING ALT2 AND ALT3B
[bookmark: _Hlk21077492]Alt2 seems a reasonable approach, however considering that restriction applies uniformly on all the coefficients, as explained earlier, it impacts the overall accuracy of beam definition. To mitigate the issue, an auxiliary vector  can be computed to correct , making sure that the restriction is applied only on the intended coefficients. The definition of the auxiliary vector  is inspired and derived from Alt3B.  Considering beam  as the restricted beam in each of the four beam groups, the  is given 


for , where  is the restriction threshold (derived from the wideband gain threshold in Alt3B, i.e., ). The restricting coefficients  are compressed using the FD-compression vector , resulting in . The details of derivation can be found in the Appendix I.

Figure 2 compares the performance of Alt2 and the proposed “Comb. Alt2-Alt3B”, using the Rel-15 Type II CBSR as the benchmark. For the comparison, four 2-polarized beams are assumed where =13, . As for the CBSR, different restrictions of  are considered. As another metric, in reference to Rel-15 baseline, the relative difference ratio of each scheme can be computed per sub-band , and its average can be reported for comparison.

It can be observed in Figure 2 that the “Comb. Alt2-Alt3B” performs as well as Rel.15 CBSR with negligible performance loss. However, compared to the baseline, the Alt2 scheme seems resulting in some distortion in reported coefficients. Table 1 shows the relative difference ratio where for CBSR values of  and , Alt2 results in 30% and 20% inaccuracy in reported coefficients, respectively.
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[bookmark: _Ref20751398][bookmark: _Ref20751378][bookmark: _Hlk16519547]Figure 2 Comparing the CBSR in Rel.15 Type II, Comb. Alt2-Alt3B, and Alt2
Table 1 Comparing the average difference ratio of Alt2 and Comb. Alt2-Alt3B relative to Rel.15 Type II CBSR
	
	CBSR = 
	CBSR = 

	Alt 2
	30% discrepancy
	20% discrepancy

	Comb. Alt2-Alt3B
	0% (no discrepancy)
	0% (no discrepancy)



Observation 3: By using Comb. Alt2-Alt3B applying CBSR in the Rel-16 CSI feedback could be accomplished without noticeable complexity and in compliance with the baseline, if the restricting coefficients are calculated based on WB and SB amplitudes’ restriction.

Proposal 1: Support “Comb. Alt2-Alt3B” for Rel-16 CBSR by which the complexity is kept low, and restriction is applied only on the intended coefficients.
5. CONCLUSION
In this contribution, we provide our perspectives on CBSR in Rel-16 CSI. Based on the discussion, following observations and proposals are made:

Observation 1: Applying the same restriction on all coefficients of  is not consistent with the Rel-15 CBSR, and it would degrade the beamforming performance.

Observation 2: In Rel-16 CBSR, applying the CBSR restriction on  would force UE to follow different procedures in computing the CSI: one for restricted beams, and one for non-restricted beams. So, in down selection of the CBSR methodology, the implementation should be considered.

Observation 3: By using Comb. Alt2-Alt3B applying CBSR in the Rel-16 CSI feedback could be accomplished without noticeable complexity and in compliance with the baseline, if the restricting coefficients are calculated based on WB and SB amplitudes’ restriction.
[bookmark: _GoBack]
Proposal 1: Support “Comb. Alt2-Alt3B” for Rel-16 CBSR by which the complexity is kept low, and restriction is applied only on the intended coefficients.
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APPENDIX I
The proof regarding the proposed “Comb. Alt2-Alt3B” is provided as follows.
	Proof. It’s agreed in RAN1 #95 to apply “DFT-based compression” on , to build and report required linear coefficients through . So, for beam  and frequency index , it is

Due to the CBSR, considering  as the WB amplitudes restriction on beam , the corresponding  would be as




Where 
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