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Introduction
At RAN1#98bis agreements were reached for Rel-16 Type II codebook on UCI omission and CBSR procedures, handling the mapping between PMI subbands and edge CQI subbands, as well as some UE capability issues. In this contribution, we address the remainder of the UE capability issues for Rel-16 Type II codebook.
UE Capability Issues
Prior Agreements
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
· 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.

Offline discussion: On UE capability related to the number of PMI subbands
Down select between the following alternatives
· Mandatory for all N3 values
· Mandatory for N3<=19, optional for N3>19
· Mandatory for R=1, optional for R=2
· Madatory for (L,R) = (2,1), (2,2), (4,1), optional for (L,R) = (4,2)
Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”

Offline agreement: On UE capability related to the number PMI subbands, in RAN1#99, down select between these two alternatives:
· Alt2. Mandatory for N3<=19, optional for N3>19
· Alt3. Mandatory for R=1, optional for R=2



Offline discussion: On UE capability related to the UE behaviour for CBSR
When the UE is not capable of “Alt3A” (soft amplitude restriction), the following issues are to be discussed:
1. Whether some additional text (CR) is needed for Rel.15 Type II CBSR and, if so, the text
· Note: Strictly speaking this does not fall into the “scope” of Rel.16 NR_eMIMO. It is discussed here since Rel.16 Type II CBSR will most likely reuse the same UE behavior (see #2 below).
2. How to clarify the UE behavior for Rel.16 Type II CBSR when the UE is not capable of “Alt3A” (soft amplitude restriction)
· This may or may not have to depend on #1 above

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

Offline discussion: On UE capability for concurrent codebooks
Down select between the following alternatives:
· Alt1: Report concurrent codebook capabilities, e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I;
· Alt2: The capability of concurrent codebooks should be within the capability of each codebook
· For concurrent codebook 1 scheduled with  and codebook 2 scheduled with , where  and  denote the number of ports per resource and the number of resources for codebook  triggered by the gNB, the UE expects  is within the capability report of both codebook 1 and codebook 2.
· E.g., (8,2) Type I + (16,1) Rel-16 Type II is valid if (max{8,16}, 2+1, 8*2+16*1)=(16,3,32) is within the reported capability of Type I and Rel-16 Type II
· Alt3: A complementary UE capability is defined to indicate additional codebook combinations supported by the UE or to indicate those codebook combinations not supported by the UE.
Offline agreement: On UE capability for concurrent codebook configuration, in RAN1#99, further discuss and identify alternatives (including not having such UE capability) for down selection in UE feature session

UE Capability on the Number of PMI Subbands
[bookmark: _GoBack]Following RAN1#98bis, an offline discussion was held on UE capability issues related to the number of PMI subbands. Four alternatives were proposed by different companies: Alt1) Supporting all N3 values is mandatory, i.e., no additional sub-capability is required, or Alt2) Supporting N3>19 is optional, i.e., requires an additional UE sub-capability, or Alt3) Supporting R=2 is optional, or Alt4) Supporting the pair (L,R) = (4,2) is optional. An offline agreement was reached to down select from Alt2 and Alt3 only. One advantage of supporting Alt2 is that the complexity/number of computations at the UE is more straightforwardly tied to N3 rather than R, e.g., the number of SVD computations scale with N3. One other advantage of Alt2 with respect to design complexity is that the FD basis selection algorithm is different for N3≤19 (Free selection) compared with that at N3>19 (Window-based selection) and therefore only one FD basis selection algorithm would be used given a particular UE sub-capability. On the other hand, Alt3 is reasonable in the sense that R=2 is regarded as a channel resolution enhancement feature since it doubles the number of PMI subbands for a given BW and hence leads to doubling the number of SVD computations compared with R=1. Given that, we believe both Alt2 and Alt3 have their own merits and it is hard to claim one alternative is strictly superior. We slightly prefer Alt3, however, since R=2 is regarded as an advanced feature in Rel. 16 Type II codebook and hence it is a more reasonable UE sub-capability from a design perspective.

Both Alt2 and Alt3 provide reasonable UE sub-capability features. 
Alt3 is slightly preferred since R=2 is considered an advanced feature for Rel. 16 Type II codebook.
Support Alt3 for UE capability on number of PMI subbands. Alt2 is second preference.

UE Behavior for CBSR
In RAN1#98bis [1], CBSR was agreed to be supported in Rel, 16 Type II codebook, where hard amplitude restriction of beams (Alt0) is mandatory, i.e., restricted beam amplitude values are limited to {0, 1}, whereas soft amplitude restriction (Alt3A) is optional, i.e., restricted amplitude values take on values {0, 1/2, 1/ ,1}. A similar behavior was imposed in Rel. 15 Type II CBSR using the parameter amplitudeSubsetRestriction, however, the UE behavior was not clarified when this parameter is not set to supported. Although this is a Rel. 15 Type II codebook issue, we believe it is tightly related to that of Rel. 16 Type II codebook due to the resemblance between some CBSR procedures in both Rel. 15 and Rel. 16, and it would be helpful if the specification is consistent in that regard.  Given that, we agree that CR proposals should be submitted for NR Rel. 15 MIMO maintenance AI to clarify the UE behavior when amplitudeSubsetRestriction is not set to supported. The same UE behavior can then be carried on to Rel. 16 CBSR and similarly incorporated in the Rel. 16 Type II codebook specification.

In Rel. 15, the UE behavior is not explicitly clarified when the amplitudeSubsetRestriction parameter is not set to supported.
Clarifying the behavior of the amplitudeSubsetRestriction parameter in Rel. 15 when not set to supported would help make the Rel. 15 and Rel. 16 specifications consistent, since the same UE behavior would be applied.
Draft CR proposals should be submitted to Rel. 15 MIMO maintenance AI to clarify the UE behavior when the parameter amplitudeSubsetRestriction is not set to supported. 
The same functionality of the parameter amplitudeSubsetRestriction of Rel. 15 CBSR should carry on to Rel. 16 CBSR.

UE Capability for Concurrent Codebooks
In NR Rel. 15, UE capability signaling represents the CSI capability for each codebook type, wherein the signaling indicates the maximum number of ports/resource, the maximum number of resources as well as the maximum number of total ports. One drawback is that the UE capability is signaled separately for each codebook type (Type I + Type II Rel. 15 codebooks), and hence the worst case scenario where both codebook types are being processed simultaneously must be considered, causing the UE to potentially underreport its capability. This drawback can become much worse after introducing Rel. 16 Type II codebook, since the UE would further underreport its capability if the similar approach is adopted. Although it may not be clear how frequently the network would trigger multiple codebook types to the same UE simultaneously, the NR specification should not fully preclude this scenario, unless there is consensus from all companies that such use case is unrealistic.

Triggering multiple codebook types simultaneously should not be fully precluded.

Nevertheless, since both Rel. 15 and Rel. 16 Type II codebooks are high-resolution codebooks which share many similar features, it may not be reasonable to configure both codebook types simultaneously. Only codebook combinations of Type I Rel. 15 and either Type II Rel. 15/16 codebooks should be supported. 

Triggering Type II Rel. 15 and Type II Rel. 16 codebooks simultaneously may be unnecessary since both codebook types have many similar features.
Only Rel. 15 Type I + Rel. 15 Type II OR Rel. 15 Type I + Rel. 16 Type II codebook combinations should be considered for UE capability signaling. 

Following RAN1#98bis, an offline discussion was held to discuss the different alternatives for UE capability related to concurrent codebooks, with the alternatives being Alt1) Reporting concurrent codebook capabilities, Alt2) The capability of concurrent codebooks should be within the capability of each codebook and Alt3) Introducing a complementary UE capability to indicate additional codebook combinations supported by the UE. In our opinion, Alt1 is too general, and reporting a UE capability that handles arbitrary codebook combinations may cause complications. Alt2 may still lead to underreporting the UE capability and hence does not provide a much improved solution compared with that of Rel. 15. Alt3 provides a reasonable means of UE capability reporting for concurrent codebooks since it offers some flexibility for different codebook combinations while only limiting the scenarios to predefined combinations. For example, four codebook combinations can be considered with two combinations reflecting the cases where only one of the codebook types is configured, whereas the other two combinations reflect different allocations when both codeword types are concurrently configured. 

Alt3 provides a reasonable means of UE capability reporting for concurrent codebooks.
Support Alt3 for UE capability related to supporting concurrent codebooks. 

UE Capability for RI>2
In RAN1#98bis [1] it was agreed that parameter values L=2,4 have mandatory support in Rel. 16 Type II codebook, i.e., all UEs supporting Rel. 16 Type II codebook would support L=2,4 by default. The support for maximum rank of 1 and 2 was also agreed to be mandatory. It was left for further study whether supporting maximum rank of 3 and 4 would be mandatory or optional. In our opinion, supporting higher rank for Type II codebook would proportionally increase the complexity of computing the codebook parameters at the UE, since most parameters are layer-dependent. Also note that although W1 is layer common, some UE implementations may require a separate SVD process per layer for inter-layer interference mitigation purposes. Given that, it is reasonable to support RI >2 as an additional UE sub-capability.

Supporting RI >2 may significantly increase the complexity of computing the codebook parameters at the UE.
Support RI >2 as an optional UE sub-capability in Rel. 16 Type II codebook.
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Conclusion
Based on the discussion in this contribution we make the following observations:
1. Both Alt2 and Alt3 provide reasonable UE sub-capability features.
Alt3 is slightly preferred since R=2 is considered an advanced feature for Rel. 16 Type II codebook.
In Rel. 15, the UE behavior is not explicitly clarified when the amplitudeSubsetRestriction parameter is not set to supported.
Clarifying the behavior of the amplitudeSubsetRestriction parameter in Rel. 15 when not set to supported would help making the Rel. 15 and Rel. 16 specifications consistent, since the same UE behavior would be applied.
Triggering multiple codebook types simultaneously should not be fully precluded.
Observation 1 Triggering Type II Rel. 15 and Type II Rel. 16 codebooks simultaneously may be unnecessary since both codebook types have many similar features.
Observation 2 Alt3 provides a reasonable means of UE capability reporting for concurrent codebooks.
Observation 3 Supporting RI >2 may significantly increase the complexity of computing the codebook parameters at the UE.

Our proposals are as follows:
1. Support Alt3 for UE capability on number of PMI subbands. Alt2 is second preference.
Proposal 1 Draft CR proposals should be submitted to Rel. 15 MIMO maintenance AI to clarify the UE behavior when the parameter amplitudeSubsetRestriction is not set to supported.
Proposal 2 The same functionality of the parameter amplitudeSubsetRestriction of Rel. 15 CBSR should carry on to Rel. 16 CBSR.
Proposal 3 Only Rel. 15 Type I + Rel. 15 Type II OR Rel. 15 Type I + Rel. 16 Type II codebook combinations should be considered for UE capability signaling.
Proposal 4 Support Alt3 for UE capability related to supporting concurrent codebooks.
Proposal 5 Support RI >2 as an optional UE sub-capability in Rel. 16 Type II codebook.
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