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1 Introduction
In RAN1#98bis meeting, the following agreements were captured in the chairman’s note [1].
Agreement
On further details for CSI reporting pertaining to the Rel.16 Type II codebook: 
· SP CSI reporting of Part-1-only CSI on PUCCH format 3 and 4 is not supported

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.   

Agreement
On Rel.16 extension for Type II port selection codebook to rank-3 and 4, support extension with simple reuse of Rel.15 W1 matrix (i.e. layer-common W1).

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”

Agreement
For Rel.16 Type II codebook, when R=2:
· When the actual CQI sub-band size is equal to the configured CQI sub-band size, the CQI sub-band is split into two equal parts wherein each part corresponds to a PMI sub-band. 
· For edge CQI sub-bands:
· When an edge CQI sub-band size is less than or equal to the half of the configured CQI sub-band size, there is only one PMI sub-band with the same size as the edge CQI sub-band. 
· Otherwise, when an edge CQI sub-band size is greater than half of the configured CQI sub-band size, there are two PMI sub-bands wherein the size of the edge PMI sub-band is smaller than the other PMI sub-band (whose size is half of the configured CQI sub-band size).

Agreement 
On UCI omission for Rel.16 Type II codebook, the following scheme is supported:
· 



Priority level definition: If priority levels of two LCCs and are such that Prio(,l2,m2)< Prio(,l1,m1), LCC  has a higher priority over 
· 

Non-zero LC coefficients and bits of bitmap  are prioritized/ordered from high to low priority according to (,l,m) with the same priority function Prio(,l,m)
· 



G1 comprising the  highest priority non-zero LC coefficients  and the  highest priority bits of bitmap
· 



G2 comprising the  lowest priority non-zero LC coefficients  and the  lowest priority bits of bitmap 
· The priority level is calculated as Prio(,l,m)=2L.RI.P(m)+RI.l+ where P(m) maps the index m according to the following order of the corresponding FD components (if selected): 0, N3-1, 1, N3-2, 2, .... 


In this contribution, we discuss remaining issues on the CSI enhancement for Type II CSI codebook. To be specific, based on above agreements in RAN1#98bis and the offline email discussions on UE capability [2], we suggest our view on the following issues as:
· Finalize UE capability on the number of PMI subbands
· Finalize UE behavior for CBSR
· Discuss UE capability for concurrent codebook

2 Discussion on UE capability issues
The design of UE capability signaling for Rel-16 Type II CSI reporting needs to consider many aspects such as implementation of processing algorithms, memory size to store CSI and UE complexity for CSI processing in order to ensure good trade-off between UPT and overhead. In this section, we provide our views for the following UE capability issues.
2.1 UE capability on the number of PMI subbands
The following was discussed in RAN1#98bis [1] for the number of PMI subbands as:
Discussion
For Rel.16 Type II codebook:
· Alt1: Mandatory for all N3 values
· Alt2: Mandatory for N3<=19, optional for N3>19: 
· Alt3: Mandatory for R=1, optional for R=2:
Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”

The main issue in this sub-section is UE complexity on supporting large number of N3 through R=2, which requires larger buffer size. It is concerned that by supporting R=2 as a mandatory feature, it boost the amount of PMI computation approximately doubled since R=2 requires the UE to compute 2 PMIs within a single CQI subband.
On the other hand, from a network perspective of guaranteeing PMI accuracy and system performance, it may be favorable to support R=2 and it requires almost the same amount of overhead for FD basis indication by layer-common intermediate FD basis subset selection compared to that of R=1. Note that CSI reporting with R=2 provides better performance than that with R=1. It is desirable for network and UE to be capable of harvesting such benefits. We acknowledge the trade-off for supporting R=2 between the performance and the UE complexity. To balance both aspects, it seems reasonable that the number of PMI subbands for N3≤19 is supported as mandatory while as optional for N3>19 based on R=2.

Proposal 1: Support Alt 2 for UE capability on the number of PMI subbands.

2.2 UE behavior for CBSR
On the discussion on RRC parameters, it was agreed that there is no need for an additional RRC parameter to configure a UE for either ‘Alt0’ or ‘Alt3A’ on amplitude restriction mechanism of CBSR as above. Instead of RRC signalling, it could be supported based on the UE capability where Alt3A capable UE supports Alt3A while Alt3A non-capable UE supports Alt0. Also, it was agreed that ‘Alt0’ is mandatory while ‘Alt3A’ is optional. The issue is what the UE behaviour for Rel-16 CBSR would be in case of Alt3A non-capable UE. In this regard, following has been discussed in [2] as:
Offline Discussion
When the UE is not capable of ‘Alt3A’ (soft amplitude restriction):
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


Regarding first issue, our view is it should be discussed in the maintenance session of Rel-15 NR MIMO. For the second issue, additional description in TS.38.214 is required to clarify the UE behavior for CBSR Rel-16. One simple way is to describe two CBSR description, i.e., Alt0 and Alt3A, separately according to UE capability signalling. In that case, the bit-width of maximum allowed coefficient amplitude will be 1 or 2 bits according to supported CBSR algorithm. Another way is having a unified CBSR description and adding one simple sentence that describes UE behaviour. For example, “A UE that does not report the parameter amplitudeSubsetRestriction='supported' is not expected to be configured with values other than 0 or 1” can be considered. We believe both approaches make sense and make UE behaviour clear for Rel-16 CBSR.

Proposal 2: Following descriptions in TS38.214 can be considered to clarify the UE behavior for Rel-16 CBSR.
· Two CBSR algorithms are described separately based on UE capability.
· Unified CBSR algorithm is used with following exceptional case description: “A UE that does not report the parameter amplitudeSubsetRestriction='supported' is not expected to be configured with values other than 0 or 1”.

2.3 UE capability for concurrent codebooks
In current UE capability signaling, FG (feature group) 2-36/2-40/2-41/2-43 represents the CSI capability for each codebook type across all CCs of a band. There is no capability for concurrent codebook, e.g., Type I + Type II, and the gNB may schedule concurrent codebooks as long as each of them satisfies FG 2-36/2-40/2-41/2-43. To accommodate a worst case where multiple codebook types are being processed simultaneously, the UE may have to underreport its capability.
Offline Discussion
To solve the underreporting issue, some alternatives are:
· 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.


The important thing on the issue is to clarify the use case and the likelihood for network configuring both Type I and Type II codebook simultaneously to a UE. In general, typical network implementation would configure both types of codebook but switch the codebook depending on the network payload and scheduling. Based on this, the performance enhancement or benefit for supporting concurrent codebooks should be carefully investigated before we introduce such capability. 

Proposal 3: Do not support the UE capability for concurrent codebooks unless clear use case and performance improvement are verified.








3 Conclusion
In this contribution, we discuss the CSI enhancement for Type II CSI codebook. Based on the discussion above, we have following proposals as: 
Proposal 1: Support Alt 2 for UE capability on the number of PMI subbands.
Proposal 2: Following descriptions in TS38.214 can be considered to clarify the UE behavior for Rel-16 CBSR.
· Two CBSR algorithms are described separately based on UE capability.
· Unified CBSR algorithm is used with following exceptional case description: “A UE that does not report the parameter amplitudeSubsetRestriction='supported' is not expected to be configured with values other than 0 or 1”.
[bookmark: _GoBack]Proposal 3: Do not support the UE capability for concurrent codebooks unless clear use case and performance improvement are verified.
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