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Introduction
DFT-based compression scheme has been agreed as Type II rank 1~4 codebook in Rel-16, where frequency domain (FD) compression is employed to remove the redundancy among all the subbands. In this contribution, we focus on the issues of UE capability and CBSR of Type II CSI.
UE capability on the number of PMI subbands
It has been agreed that the number of PMIs per CQI subband could be 1 or 2 (i.e. R=1 or 2). In Ad-Hoc 1901 [1], the following agreements were achieved: 
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

Further, the offline discussion after RAN1#98bis meeting proposed three alternatives as follows:
Discussion: 
For Rel.16 Type II codebook:
· Mandatory for all N3 values
· Mandatory for N3<=19, optional for N3>19: 
· Mandatory for R=1, optional for R=2:
Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”

For the case N3>19 (corresponding to R=2), the finer frequency granularity of PMI would provide better performance. It is desirable for network and UE to be capable of harvesting such benefits. Therefore, we prefer that UE is mandated to support all N3 values. On the other hand, the UE computational complexity is mainly determined by the SVD calculation for the precoder of each subband. With larger N3 value, higher complexity is required from the UE. When N3<=19, all the N3 values are mandatory to the UE since they are already supported in Rel-15. To address the complexity concern on N3>19, UE could handle the large number of PMI calculations using longer processing time. For instance, if two CPUs are allowed for Type II codebook, UE could process 19 subbands in one CPU and the other subbands in another CPU. In this way, all N3 values could be supported by Rel-16 UEs. 
Proposal-1: For Rel-16 Type II codebook, UE is mandatory to support all N3 values.

UE behavior for CBSR
In RAN1#98bis meeting, both hard restriction and soft restriction are supported for Rel-16 Type II codebook:
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 .
· 
[bookmark: MTBlankEqn]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”

Further, the offline agreement on CBSR is given as follows:
Offline agreement: On CBSR:
· In RAN1#99, agree on the additional text (draft CR) for clarifying the UE behavior when the UE does not report amplitudeSubsetRestriction=’supported’
· Draft CR proposals to be submitted to Rel.15 MIMO maintenance AI
· The same UE behavior for dealing with Rel.15 Type II CBSR is applied to Rel.16 Type II CBSR when the UE does not support soft amplitude restriction (“Alt3A” in RAN1#98bis)
· Note: The agreement in RAN1#98bis implies that a UE capability on whether the UE supports soft amplitude restriction is introduced
In the draft CR to TS38.214 on Rel-16 Type II codebook, UE behavior when it does not support soft amplitude restriction has been described. Maximum average coefficient amplitude is used to name the restriction threshold of both hard restriction and soft restriction. According to the agreement in RAN1#98bis, the threshold of hard restriction corresponds to the maximum amplitude of any of the  coefficients associated with the beam. Although this could be inferred from the current description, considering the feasibility of UE implementation, we prefer to give an explicit definition for the threshold of hard restriction. Therefore, we have the following suggestion:

The bitmap parameter n1-n2‑codebookSubsetRestriction-r16 forms the bit sequence  and configures the vector group indices  as in Subclause 5.2.2.2.3. Bits  indicate the maximum allowed average amplitude,  (), with , of the coefficients associated with the vector in group  indexed by , where the maximum amplitudes are given in Table 5.2.2.2.5-6 and the average coefficient amplitude is restricted as follows

for , and . A UE that does not report the parameter amplitudeSubsetRestriction='supported' is not expected to be configured with  or , which indicates the maximum allowed amplitude of the coefficients associated with the vector in group  indexed by .


Proposal-2: An explicit definition for the threshold of hard restriction is preferred in the spec.

UE capability for multiple codebook types
In NR Rel-15, the number of CSI-RS resources supported per codebook type and the number of CSI-RS resources supported across codebook types are defined as UE capabilities. In this way, the allowed CSI reporting configurations would be limited by these two UE capabilities. As pointed out in [2], the underreporting issue occurs, when multiple codebook types are reported. Namely, to exclude those codebook combinations which are not supported by the UE, lower UE capabilities have to be reported. This issue becomes severe when Rel-16 Type II codebook is introduced. Referring to the example given in [2], the following combinations are assumed for the Rel-16 only UE. The number of CSI-RS resources supported across codebook types is reported to be 8. Then all the combinations in Table I fulfill such limitation. To exclude those combinations not supported by the UE, the number of CSI-RS resources supported for Type I codebook should be reported as 4, the number of CSI-RS resources supported for Rel-15 Type II codebook should be reported as 2, and the number of CSI-RS resources supported for Rel-16 Type II codebook should be reported as 2. In this way, Comb1 and Comb2 would be wasted.

Table I:  Example of codebook combinations for Rel-16 only UE 
	
	Type I
	Rel-15 Type II
	Rel-16 Type II
	Support or not

	Comb1
	0
	0
	4
	yes

	Comb2
	2
	0
	4
	yes

	Comb3
	0
	7
	1
	no

	Comb4
	0
	6
	2
	no

	Comb5
	4
	2
	2
	yes

	Comb6
	2
	2
	4
	no



Therefore, signaling of UE capability can be enhanced. We propose the following two alternatives:

· Alt-1: In addition to the codebook combinations determined by Rel-15 UE capabilities, additional codebook combinations supported by the UE are signalled as enhanced UE capability
· Alt-2: Within the codebook combinations determined by Rel-15 UE capabilities, those codebook combinations not supported by the UE are signalled as enhanced UE capability
If Alt-1 is supported, those combinations, which are not included in the UE capability range but supported by the UE, could be reported using the new UE capability as a complementary. Considering the above example, the complementary UE capability would be supportive of Comb 1 and Comb 2. On the other hand, if Alt-2 is supported, a larger combination range, which is over-reported, could be reported using current UE capabilities. For the above example, the number of CSI-RS resources supported for Type I, Rel-15 Type II and Rel-16 Type II codebooks, could then be reported as 4,2 and 4, respectively. Thus, besides those supported combinations, the unsupported Comb 6 is also included. Then, the enhanced UE capability could be unsupportive of Comb 6. From our perspective, both of the two alternatives would achieve the tradeoff between the reporting overhead and the adequate UE capability, which should be supported in Rel-16.

Proposal-3: In addition to the Rel-15 UE capabilities, a complementary UE capability is employed to indicate additional codebook combinations supported by the UE or to indicate those codebook combinations not supported by the UE. 

Conclusions
In this contribution we discussed the UE capabilities of Type II CSI and CBSR issues. Based on the analysis, our proposals are summarized below:

Proposal-1: For Rel-16 Type II codebook, UE is mandatory to support all N3 values.
Proposal-2: An explicit definition for the threshold of hard restriction is preferred in the spec.
Proposal-3: In addition to the Rel-15 UE capabilities, a complementary UE capability is employed to indicate additional codebook combinations supported by the UE or to indicate those codebook combinations not supported by the UE.
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