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[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]In this contribution we provide our view on UE features/capabilities for Rel-16 that are not dedicated to a specific Rel-16 work item/TEI. 
Discussion on specific UE capabilities
Simultaneous CBG and multiple PDSCHs per slot
The maximum data rate which UE supports is determined by the supported maximum data rate defined in subclause 4.1.2 of TS 38.306 [1], at both physical layer and high layer. At the physical layer, the statements in subclause 5.1.3 of TS 38.214 [2] determine the maximum amount of data required UE to be handled per cell group or per cell respectively. Then, the successfully decoded TB will be delivered to high layer for further processing.
It is common understanding that high layer capabilities pipeline, including buffer size, processing capability, bus capacity, etc., are also designed based on the maximum supported data rate defined in subclause 4.1.2 of TS 38.306 [1]. However, when CBG based retransmission is scheduled, the amount of data delivered to high layer may exceed the maximum data rate calculated as above. This issue was discussed in [3] at RAN1 #97. Given the potential NBC change, it was understood that for Rel-15 when the scenarios described in [3] happens, it is up to UE implementation, for example, UE may have to drop correctly decoded TB(s) during peak data rate reception and the performance will be degraded accordingly. The following was concluded:
Conclusion:
· The scenario described in the draft CR (R1-1907505) can happen but can be handled via implementation in which case the UE performance may not be optimal

The conclusion was made with compromise of peak rate not reaching the NR design targeted. However, it is worth noting that configuration of CBG operation is actually one of the scheme introduced for higher data rate traffic. Thus the described case is not a corner case, rather can be a typical scenario that data rate is the KPI. 
As one example assuming two CBGs are configured as in Figure 1 below, in slot n, TB0 is received at UE side with decoding failure for CBG1. In slot n+3, CBG1 of TB0 is retransmitted and a new TB is also scheduled by a separate DCI, TB1 in the same slot. At physical layer, both CBG1 of TB0 and TB1 are correctly decoded and sent to high layer. That means, UE needs to handle the amount of data of TB0 and TB1 at corresponding processing time to physical layer slot n+3. Assume UE is under peak data rate required service, TB0 and TB1 are scheduled with full channel bandwidth, highest code rate, highest number of layer, and highest modulation order, in order to not block the pipeline, UE needs to increase its high layer memory and processing capability 1.5 times than those of non-CBG based retransmission.
In the worst case if the number of CBGs is 8, then UE needs to increase its capability 7 times than CBG is disabled if all unsuccessfully decoded CBGs are retransmitted in one slot assuming the maximum number of DL TB per slot is 7.  
On the other hand, if peak rate performance is sacrificed as concluded in RAN1, significant data rate degrade (more than 10%) can be expected due to e.g. dropping one or more successfully decoded TBs, which further leads to more potential retransmissions consequently and is highly undesirable. 
[image: ]
Figure 1. One CBG based retransmission example

In order to maintain the NR designated peak rate performance, it is desired to solve this problem in Rel-16 and beyond. Several approaches can be considered:
· Option 1: Change  to   in for DataRate calculation and DataRateCC calculation in subcluase 5.1.3 and 6.1.4 of TS 38.214 as described in R1-1907505. 
However, this requires specification changes and needs to consider impact on Rel-15 implementations.
· Option 2: When CBG based retransmission is enabled, only one unicast PDSCH is scheduled per slot.
However, this restricts the network scheduling and applicable scenarios for CBG based operation especially for traffic heavy/data rate oriented cases.
· Option 3: UE reports newtork that whether UE supports more than one unicast PDSCH reception per slot on this cell, when CBG based retransmission is configured for a cell.
This has benefits of no specification impact and actually relying on UE implementation evolution with sufficient flexibility, if the device has the capability to work under the enhanced operation.
Proposal 1: Agree on FG 5-35 as an optional per-UE reported capability for Rel-16 to indicate whether UE supports more than one unicast PDSCH reception with UE processing capability 1 per slot on a carrier when CBG based (re)transmission is configured for that carrier.

Up to N PxSCH(s) per slot per CC
Since msgB is introduced from 2-step RACH WI in response to successfully decoding of msgA, which can similar to msg4 when carrying successRAR, further discussion would be needed for relevant UE capabilities in DL. This may be either handled in specific 2-step RACH WI, or as enhanced UE capabilities of DL of FG 5-11 ~ 5-13h.
Proposal 2: UE capabilities for multiple PDSCHs reception should take msgB into account.

Views on generic issues
Interpretation for mixture of XDD/FRX 
There is company preference on discussion on‘Capability interpretation for mixture of FDD/TDD and/or FR1/FR2’, by coupling this entry of UE feature list to the RAN2 inquiry of ‘rationale for necessity of both xDD and FRx differentiations for per-UE capability’.
Our view is that the above coupling is incorrect. The feature list entry of mixture of xDD/FRx was set from RAN2 LS in [5] in Reno meeting, even before the issue raised about support of possible combinations of XDD/FRX. As a matter of fact, the interpretation of mixture of xDD/FRx was motivated by the discussion of CA with cross-carrier operation, and there had been clear conclusion in RAN1. To inherit from that concluded for Rel-15 as request by RAN2, the following is therefore proposed
Proposal 3: Clarify that “Capability interpretation for mixture of FDD/TDD and/or FR1/FR2” is interpreted as below:
· For a UE capability that the FRX (or XDD) differentiation applies to both the cell receiving the corresponding indication and the cell applying the indication, the UE shall support the cross FR (or XDD) operation associated with the capability if the UE indicates support of the capability for both FRs (or, FDD & TDD) and support for FR1-FR2 (or FDD-TDD) CA.

Further, the issue of ‘rationale for necessity of both xDD and FRx differentiations for per-UE capability’ may or may not be due to the concern of the support of all 8 possible combinations of xDD/FRx by the current Rel-15 UE capability signalling framework [7], as RAN2 in [6] has indicated that they has not discussed the issue. In our view, issue raised in [7] could be solely resolved in RAN2 and does not seem to require any further discussion in RAN1 for Rel-16, unless further required by RAN2. Thus,
Observation 1: RAN1 does not seem to have a need to further work on the issue raised in R1-1913579, unless further requested by RAN2.

UE capability report type/granularity
In addition to the issues above, in [5], RAN2 has requested RAN1 for input of UE feature list for Type (i.e. 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)) as below
· Following the above granularity, RAN2 requests that all the UE features fall into one of the above categories uniquely, for example, some UE features which are categorized as ‘Per FSPC’ are not defined to be applicable across all CCs
This has been the usual case for most of the UE features that are being discussed. However, there may be some cases unclear whether the above request has to be met, as can be found in Rel-15 that the capability of csi-ReportFramework is per ‘band or UE’ reported. 
In our view, whenever possible, the above shall be met in RAN1 UE feature list discussion. It would be then understood that also for Rel-16 eMIMO feature, division of a single large FG into separate ones that each has uniquely reported UE type may be preferable. 

 UE report type with respect to NR-U
There was a proposal to discuss possibility of converting all per-UE reported UE feature to per-band, mainly motivated by a different commercialization timing consideration of NR-U UEs v.s. licensed UEs. Our view is that this will cause significant signalling overhead on UE capability report which is strongly preferred to be avoided by RAN2, and there does not seem to be any issue for the mentioned purpose for UEs to still report a per-UE capability. We may look into it only if there is any issue identified for a specific UE feature, with an understanding that the below conclusion as a recommendation does not mandate to re-discuss each per-UE likely FG especially if it is agreed already.
Conclusion:
· It is recommended to discuss appropriate reporting type or necessary clarification for each FG individually

 On Pre-requisite FGs
The Rel-16 UE features appear to lead to multiple pre-requisite FGs for some FGs without clear causality. As one example in MR-DC/CA session, some companies consider FG 6-6 is not a pre-requisite FG for FG 18-7. Then, it seems unclear on what is the intended UE support capability for the following case:
· A UE report:
-	 Support of 6-5 basic DL NR CA
-	No-support of 6-6 basic UL NR-NR CA
-	Support of 18-7 including both DL and UL CA operation
Understanding 1: a UE support basic DL CA and DL CA with non-aligned frame boundaries;
Understanding 2: a UE support basic DL CA and both DL&UL CA only if non-aligned frame boundaries are configured;
Understanding 3: invalid report.
We suggest to make this point clear for the input of pre-requisite FGs in order to achieve proper signalling design.
Proposal 4: Proper clarification on pre-requisite FG seems to be needed for the cases with cross causality between Rel-15 UE capabilities and relevant Rel-16 UE capabilities.

Conclusion
Based on the above, our proposals/observations are summarized as below.
Proposal 1: Agree on FG 5-35 as an optional per-UE reported capability for Rel-16 to indicate whether UE supports more than one unicast PDSCH reception with UE processing capability 1 per slot on a carrier when CBG based (re)transmission is configured for that carrier.
Proposal 2: UE capabilities for multiple PDSCHs reception should take msgB into account. 
Proposal 3: Clarify that “Capability interpretation for mixture of FDD/TDD and/or FR1/FR2” is interpreted as below:
· For a UE capability that the FRX (or XDD) differentiation applies to both the cell receiving the corresponding indication and the cell applying the indication, the UE shall support the cross FR (or XDD) operation associated with the capability if the UE indicates support of the capability for both FRs (or, FDD & TDD) and support for FR1-FR2 (or FDD-TDD) CA.
Proposal 4: Proper clarification on pre-requisite FG seems to be needed for the cases with cross causality between Rel-15 UE capabilities and relevant Rel-16 UE capabilities.

Observation 1: RAN1 does not seem to have a need to further work on the issue raised in R1-1913579, unless further requested by RAN2.
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