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Introduction
The new WID [1] for NR MIMO was agreed in RAN #80 meeting. The enhancement of type II codebook can be considered in Rel-16 from the following aspects:
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
In RAN1 #98bis meeting, the compression scheme for the above enhancements was discussed with following 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.   

In this contribution, we present our views on remaining issue of Rel-16 codebook design.
Discussion
Number of PMI subband
One remaining issue is related with the number of PMI subbands. After 98bis meeting, the following offline agreement was made:
	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


Alt2 supports R=2 as mandatory when Nsb<10.  As companies point out, R=2 has performance gain for large bandwidth, but when Nsb < 10 the gain of R=2 is unclear. Our previous contribution [2] shows that X=1 only has less than 3% performance gain over X=4 when Nsb=13, where X is the granularity of precoder. Thus, the gain of R=2 is marginal when Nsb < 10. On the other hand, R=2 causes more overhead than R=1 when Nsb<10. Furthermore, from the UE perspective, UE has to calculate precoder per half CQI subband for R = 2, which has impact on hardware structure. Therefore, it’s preferred to support R=1 as mandatory feature and we make the following proposal:  
Proposal 1: For Rel-16 codebook, R=1 is mandatory and R=2 is optional (Alt3).
Maximum Rank
Another remaining issue is whether maximum rank 3 and 4 are mandatory feature for Rel-16 Type II codebook and Rel-16 Type II port selection codebook. In our view, lower rank scheduling is typical scenario in MU-MIMO and the probability of higher rank pairing is low. Furthermore, in SU-MIMO, Rel-16 Type II codebook provides less attractive performance gain (less than 10%) but increases the overhead significantly when compared with Type I codebook for rank 3 and rank 4. Besides, similar to the N3 issue, rank 3/4 require huge UE efforts in searching codebook, e.g. UE may have to find out 2x eigen-vectors if UE wants to report higher rank. In summary, from the perspective of complexity/latency/performance, it’s preferred to only support rank 1/2 as mandatory feature. A basic UE could support high resolution CSI for rank 1-2, and advanced UE could put more efforts on supporting rank 1-4. Hence we have following proposal
Proposal 2: Supporting maximum rank 3 and 4 is optional UE feature for Rel-16 codebook.
Concurrent codebook 
Following offline agreement was made during email discussion
	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



In our understanding, a simple way to trigger/configure CSI-reporting is a TDMed manner, and the motivation for introducing flexible concurrent codebook configuration is unclear. If that is a critical issue, we are open to optimize UE capability signaling. Several alternatives have been discussed. Alt1 introduces codebook combination signaling. Since it’s capability signal, we think the overhead is less critical. Perhaps it could be optimized further if needed. Examples of optimization can be enumerating maximum number of Type I codebook per Type II codebook, union multiple codebook combination set to extend capability region, or over-reporting capability region with a complementary set to be excluded as Alt 3. Alt2 can solve the underreporting issue with small signaling overhead too, but direct summarizing seems too hard since calculation resources occupied by different codebook are not typical 1:1, e.g. adjusting the slope of capability region to cover more UE capability. We slightly prefer to Alt 2 for now if the motivation is justified.
Proposal 3: Consider to support capability of concurrent codebooks are within the capability of each codebook (Alt2) if justified. 

Conclusion
In this contribution, we discuss remaining UE capability issue. We have following proposals:
Proposal 1: For Rel-16 codebook, R=1 is mandatory and R=2 is optional.
Proposal 2: Supporting maximum rank 3 and 4 is optional UE feature for Rel-16 codebook.
Proposal 3: Consider to support capability of concurrent codebooks are within the capability of each codebook (Alt2) if justified. 
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