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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we discuss some of the remaining open issues for CBSR, SCI refinement and UE capability.
2. Discussion 
2.1. Associated UE capability
In this section, we will discuss some remaining issues associated with UE capability, including supporting of R=2, supporting of L = 6 and maximum rank. Following agreements have been made in previous RAN1 meetings:
Agreement
On UE capability issues: 
· For a UE capable of Rel.16 Type II codebook, agree on the following:
· Mandatory support for L=2, 4 
· Supported without additional UE capability signaling
· Mandatory support for maximum rank of 1 and 2
· [bookmark: OLE_LINK2]FFS whether the support for maximum rank 3 and 4 is mandatory or not 
· Supported without additional UE capability signaling
· Separate UE capabilities for the “regular” Rel.16 Type II and Rel.16 Type II port selection codebooks
· Note: for discussion purposes:
· “Mandatory” implies that the (sub-)feature is always supported when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered basic. Rel.16 Type II codebook is a UE optional feature.
· “Optional” implies that a separate UE (sub-)capability is needed (hence not necessarily supported) even when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered advanced.   

In RAN1 #AdHoc 1901meeting:
Agreement
On FD compression unit, agree on Alt1 (PMI subband size = CQI subband size) as the default, along with Alt2.2 (PMI subband size = CQI subband size / R) as secondary
· The value of R is fixed to 2
· FFS: Whether secondary implies a separate UE capability or restricted use cases
· Include issues such as limitation on the number of FD compression units, CPU occupation, latency constraint and/or BW constraint
· FFS: Whether FD compression unit is higher-layer configured or reported by the UE

First of all, since the PMI computation complexity is dependent on supporting R or not, R = 2 requires a higher UE capability than not supporting R. Secondly, some gains are observed with R = 2 only for the case of large number CQI SBs as well as large bandwidth, while the benefit of R = 2 is not clear for small CQI subband number and small bandwidth. Thirdly, from UE’s perspective, we should be careful about those new features for keeping a successful UE implementation in real life. Similarly, L = 6 also shows some performance benefit with increasing computation in UE side and overhead. Hence, it’s better to have separate UE capabilities for R = 2 as well as L = 6, representing sophisticated UEs. 
Proposal1: R = 2 is an optional capability with a separate indication
Proposal2: L = 6 is an optional UE feature.

Although, from the previous simulation results, rank3/4 obtains considerable performance gain compared with rank1/2 in low RU, the probability of rank3/4 reporting by UE is much lower than that of rank1/2 especially in the case of high RU condition (MU). Hence, considering UE implementation and the probability of rank3/4 in MU, we propose that rank 3/4 is an optional UE feature. 
Proposal3: maximum rank for 3 and 4 is an optional UE feature.

2.2 UE behaviour for CBSR
In RAN1#98bis meeting, the following was agreed regarding the mechanism of CBSR:
Agreement
For amplitude restriction mechanism:
· Alt 0. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient hard amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· 

For each spatial beam in each of the four beam groups, hard restriction (maximum amplitude of 0 or 1) 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  
· 



Alt 3A from RAN1#98 (soft with sum-power-ratio constraint), simplified to  for each  where  denotes the number of NZCs associated with .
· 
The value of  is configured from the Rel.15 2-bit amplitude restriction table
· The number of beam-groups is the same as Rel.15 Type II CBSR
Support Alt0 as mandatory and Alt3A (described above) as optional analogous to Rel.15 Type II codebook. 
· Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”

Both of Alt 0 and Alt 3A were approved in the previous meeting, also called as hard amplitude restriction and soft amplitude restriction respectively. If a gNB configures hard amplitude restriction for a UE which can only support Alt 0, UE can apply this restriction other than {0, 1} in a spec-transparent way. And in the current specification of 38.331, an optional UE capability of amplitudeSubsetRestriction has been captured in type2 codebook. Hence, we think same UE capability can be captured in type2-rel16 codebook for indicating the supporting of hard or soft amplitude restriction. Therefore,
Proposal4: amplitudeSubsetRestriction is supported in type2-rel16 codebook UE feature list as an optional capability.
Proposal5: A UE that does not report the capability parameter amplitudeSubsetRestriction = ‘support’ is not expected to be configured with amplitude restrictions other than {0, 1}.

2.3 SCI refinement for rank 1
In RAN1#97 meeting, the following was agreed regarding the indication of SCI:

Agreement
On SCI (RI>1) and FD basis subset selection indicator, support Alt B described in the following table.
· FFS: details on bitwidth and possible values for Minitial  reporting in UCI part 2
· FFS: whether the possible value(s) for Minitial  can depend on configured FD compression parameters
· Up to the editor to capture this agreement

	
	Alt B

	SCI for RI>1
	



Alt3.4: Per-layer SCI, where SCIi is a –bit (i=0,1,…(RI - 1)). The location (index) of the strongest LC coefficient for layer i before index remapping is , , and  is not reported

	Index remapping
	




[bookmark: MTBlankEqn][bookmark: _GoBack]For layer i, the index mi of each nonzero LC coefficient   is remapped with respect to  to  such that . The FD basis index  associated to each nonzero LC coefficient  is remapped with respect to  to   such that  . The sets   and  are reported.
Informative note (for the purpose of reference procedure):




The index  of nonzero LC coefficients is remapped as . The codebook index associated with nonzero LC coefficient index  is remapped as . 

	Combinatorial indicator for N3 ≤ 19
	
 bits 





From the index remapping mechanism above, it was agreed that SCI is indicated by a bits indication with a cyclic shift operation which shifting the relative coefficients column and FD basis index with the strongest coefficient to the front. And this cyclic shift scheme is irrespective of the rank value which implying that cyclic shift is also applicable for rank 1. Therefore, although it was agreed that SCI for rank 1 is indicated by a -bit indicator in RAN#96 meeting, we propose to refine the agreement for SCI indication to be a   bit indicator for rank 1 for the sake of a good readability in specification as well as overhead optimization in RRC signaling.

Proposal6: For the sake of a good readability in specification as well as overhead optimization in RRC signaling, refine the agreement for SCI indication to be a   bit indicator for rank 1.

3. Conclusions
In this contribution we discussed different aspects of Rel-16 MU CSI feedback. Based on our analysis, we have following proposals:
Proposal1: R = 2 is an optional capability with a separate indication
Proposal2: L = 6 is an optional UE feature.
Proposal3: maximum rank for 3 and 4 is an optional UE feature.
Proposal4: amplitudeSubsetRestriction is supported in type2-rel16 codebook UE feature list as an optional capability.
Proposal5: A UE that does not report the capability parameter amplitudeSubsetRestriction = ‘support’ is not expected to be configured with amplitude restrictions other than {0, 1}.

Proposal6: For the sake of a good readability in specification as well as overhead optimization in RRC signaling, refine the agreement for SCI indication to be a   bit indicator for rank 1.
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