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Introduction
This following agreement was made at the conclusion of the email discussion [100e-NR-eMIMO-MUCSI-01] during RAN1#100-e [1]:
	Agreement
1. The following issue is to be finalized in the next RAN1 meeting:
	When BWP size < 24 PRBs, should CSI reporting be supported?  Rel.15 maintenance issue
1. If yes, what feature(s) need to be refined (e.g. subband size table, csiReportingBand definition, cqi-/pmi-FormatIndicator definition/ configuration, ...)  Rel.15 maintenance issue
1. If no, what spec clarification is needed (e.g. subband size table, csiReportingBand definition, cqi-/pmi-FormatIndicator definition/ configuration, ...)  Rel.15 maintenance issue
1. If yes, which of the Rel.15 codebooks are supported?  Rel.15 maintenance issue
1. If yes, are codebookType Rel.16 eType-II, eType-II port selection supported?  Rel.16 maintenance issue


2. Issues a, b, and c are to be discussed under Rel.15 maintenance on NR-MIMO
3. Issue d is to be discussed under Rel.16 maintenance on eMIMO MU-CSI informed by the outcome (or parallel with) the Rel.15 discussion for issues a, b, and c



Based on the offline email discussion on the issue formulated in the agreement above, the following offline agreement was made [2].
	Offline agreement:
· On the support of CSI reporting for BWP size < 24 PRBs, only wideband CSI reporting is supported with Rel.15 Type I single-panel codebook
·  [Text proposal]

Offline conclusion: On the support of CSI reporting for BWP size < 24 PRBs, there is no consensus in supporting Rel.15 Type-I multi-panel, Rel.15 Type-II, and Rel.16 eType-II codebooks for wideband CSI reporting



There is no consensus on the support of Rel. 16 eTypeII and eTypeII ports selection codebooks for BWP size < 24 PRBs. In this contribution, we provide our view regarding this issue. The contribution also discusses some of the UE capability related features.

Support of eTypeII and eTypeII port selection for BWP size < 24 PRBs
First, the support for CSI reporting for BWP size < 24 PRBs should be driven by the use case. For large BWP sizes, the main use case is to achieve large MU-MIMO system performance gain; whereas for small BWP sizes, the main use case is not MU-MIMO, and a more important use case is the support of CSI reporting for a low-cost (or lower complexity) UEs such as REDCAP UEs. Now, regarding performance, during the online/offline email discussions on the topic, it was shown that the Rel.16 eTypeII can achieve significant gain (approximately 10%) over Rel. 15 TypeI even for SU-MIMO based on WB CSI reporting. The gain is primarily due to a high resolution (linear combination) precoder which is based combining multiple beams (not just selecting one beam as in Rel. 15 TypeI codebook) to represent a WB precoder. 
Considering both use case and performance gain, it is reasonable to consider supporting TypeII CSI for BWP size < 24 PRBs. However, supporting both R15 TypeII and R16 eTypeII is unnecessary. Since there could be performance benefits with R16 eTypeII when compared with R15 TypeII, supporting Rel.16 eTypeII should be preferable. Now, for Rel. 16 eTypeII, there were some discussion previously on whether all features of Rel.16 eTypeII should be supported for BWP size < 24 PRBs, or restricting the support to only a subset of them is sufficient. A few examples of restrictions are as follows.
· WB CSI reporting only: based on the offline agreement, the support of BWP size < 24 PRBs is restricted to WB CSI reporting (and for TypeI single panel codebook). For consistency and minimal specification impact, it is reasonable to restrict to WB CSI reporting even for eTypeII.
· R=1 only: since R=2 implies two precoding matrices (hence not WB CSI), R=2 can’t be supported. So, restriction to R=1 is implied if we restrict to WB CSI reporting. 
· Restriction to low-rank (e.g. rank 1-2): the main motivation for rank restriction is that, for BWP size < 24 PRBs and WB CSI reporting, the probability of reporting high rank WB CSI is likely to be extremely small. Hence, there may not any performance impact in restricting to low rank values. This can also reduce UE computation burden. It can also handle unexpected UE behaviours for some  combinations, e.g. (2,1/4,1/4), if the number of subbands is too small (e.g. number of subbands = 3). Finally, since small BWPs is primarily useful for REDCAP UEs, rank restriction to low rank values is reasonable.
· Restricting to  only: since support of L=6 is restricted to 32 CSI-RS antenna ports, which may not be configured to a UE (e.g. a REDCAP UE) configured with small BWPs, hence the restriction to  is also reasonable.
· Restriction to small number of ports: for similar reasons explained above, the number of CSI-RS ports could also be restricted to a set of smaller values, e.g. {2,4,8}.
Finally, since the restriction is related to (sub-) features of eTypeII, the discussion on potential restriction could be together with the UE feature discussion.
Proposal 1: On the support of CSI reporting for BWP size < 24 PRBs, extend the support of wideband CSI reporting to Rel.16 Type II with the following restrictions 
· R=1
· Discuss any additional restriction (such as rank, number of ports, L values etc.)
· This discussion can be discussed together with the UE feature discussion.

UE capability
In this section, some of the items regarding UE capability signaling for Rel. 16 eTypeII and eTypeII port selection codebooks are discussed.
The first item is whether R=2 and N3<=19 is mandatory or optional. In our view, there are at least the following issues with R=2 and N3<=19 being mandatory. 
· R=2 and N3<=19 being mandatory implies that both R=1 and R=2 are mandatory if the number of CQI subbands is such that N3<=19. Since UE implementations for R=1 and R=2 can be different in practice, making both mandatory implies that the UE potentially need to support two different implementations just for this feature, which is not desired. We should not mandate UEs to have two different implementations for two R values. 
· The complexity of R=2 is significantly larger than that of than R=1, at least in most of the cases. 
· The gain with R=2 is expected to be significant only for large number CQI SBs and large BW sizes. For small number of SBs or/and small BW sizes, we are not sure R=2 has significant gain over R=1. So, for us, large number CQI SBs and large BW sizes are relevant for R=2 discussion.
Due to the above-mentioned issues, R=2 and N3<=19 should be optional.
The second item is on the support of mixed codebook types or concurrent codebooks. Regarding concurrent codebooks, the likelihood of and need for NW configuring both Type I and Type II codebooks to a UE is unclear to us. Also, the system performance gain of such codebook configurations (when compared with the case when only Type I or only Type II codebook is configured), if there is any, needs further investigation. In addition, the number of CSI-RS resource for Type II codebook is restricted to one. Hence, the support for additional UE capability (in addition to what we have in Rel. 15) for concurrent codebooks is not essential in our view. 
The third item is whether L=6 is optional. Since the support of L=6 is restricted to 32 CSI-RS ports, rank 1-2, and R=1 only; the potential performance gain of L=6 is not significant when compared with L=4; and the UE complexity of implementing L=6 could be large, the support of L=6 should be optional. Note that it has already been agreed that  for eTypeII port-selection. Hence, L=6 being optional is applicable to eTypeII codebook only (not to eTypeII port selection codebook).

The fourth item is regarding rank 1-4. According to the previous agreement, the support of rank 3-4 is an optional feature. Hence, the support of rank 3-4 requires additional capability signalling.

The fifth item is regarding codebook subset restriction (CBSR) for eTypeII codebook. According to the agreement, the support of “soft” amplitude restriction is an optional feature. Since there is a similar capability signalling of amplitudeSubsetRestriction for “soft” amplitude restriction Rel. 15 TypeII CBSR, the same capability signalling can be reused for eTypeII.

The sixth item is about rank-restriction and UCI omission. In our view, they should be mandatory similar to Rel.15 Type II and Type II port-selection codebooks.

The seventh issue is regarding the maximum number of configured aperiodic CSI Report Settings. This feature is general and applicable to any A-CSI in general. Hence, the need for any such capability signalling that is specific to eTypeII or eTypeII port selection codebooks.

Proposal 2: Regarding UE capability for Rel. 16 eTypeII and eTypeII port selection codebooks,
· The following is mandatory, hence doesn’t require additional capacity signalling.
· Rank restriction
· UCI omission
· The following (sub-)features requires additional capability signalling.  
· R=2 and N3<=2 
· L=6 for eTypeII codebook
· Rank 3-4
· Amplitude restriction – reuse Rel.15 parameter amplitudeSubsetRestriction
· The following and corresponding UE capability signalling is not supported.
· UE capability signalling for concurrent codebooks
· Maximum number of configured aperiodic CSI Report Settings. 

Conclusion
1 
2 
In this contribution, the following proposals are given: 
Proposal 1: On the support of CSI reporting for BWP size < 24 PRBs, extend the support of wideband CSI reporting to Rel.16 Type II with the following restrictions 
· R=1
· Discuss any additional restriction (such as rank, number of ports, L values etc.)
· This discussion can be discussed together with the UE feature discussion.
Proposal 2: Regarding UE capability for Rel. 16 eTypeII and eTypeII port selection codebooks,
· The following is mandatory, hence doesn’t require additional capacity signalling.
· Rank restriction
· UCI omission
· The following (sub-)features requires additional capability signalling.  
· R=2 and N3<=2 
· L=6 for eTypeII codebook
· Rank 3-4
· Amplitude restriction – reuse Rel.15 parameter amplitudeSubsetRestriction
· The following and corresponding UE capability signalling is not supported.
· UE capability signalling for concurrent codebooks
· Maximum number of configured aperiodic CSI Report Settings. 
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