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[bookmark: _Toc47741915]1	Introduction
In this contribution we discuss the remaining details of Rel-16 NR UE features.
[bookmark: _Ref178064866][bookmark: _Toc47741916]2	Discussion
[bookmark: _Toc47741917]2.1	2-step RACH
There are no open issues for 2-step RACH UE features that we are aware of.
[bookmark: _Toc47741918][bookmark: _Toc47741931]2.2	NR-U
RAN2 has sent an LS to RAN1 [2] regarding the optionality of the UE capability on extended RAR window (FG 10-2f) informing RAN1 of the following:RAN2#112-e has further discussed this and agreed that this capability should be optional only for the UEs which do not support non-CA deployment scenarios, corresponding to scenarios B, C, D, or E in Annex B.3 of TS 38.300. The reason for this decision was that, to configure ra-ResponseWindow larger than 10ms, the network needs to know this capability before initial channel access. RAN2 assumes that this is in line with the RAN1 justification for making the capability optional.


The RAN2 decision to make 10-2f mandatory for Scenarios B, C, D, or E was based on the RAN1 reply LS [3] in which only one example was provided in which the capability should be optional, namely that it does not make sense that UEs supporting only CA/LAA scenarios (Scenario A) should be required to implement extended RAR window (FG 10-2f) since the RAR is sent on the PCell in licensed spectrum, where LBT is not used.RAN1 discussed the RAN2 decision conveyed in LS R1-2005204 (R2-2005865) not to define a capability bit for FG10-2f. It is RAN1’s understanding that FG10-2f should be optional because some UEs may not require this capability, e.g. UEs supporting only CA/LAA scenario (scenario A in the NR-U WID). Therefore, RAN1 would like to ask RAN2 to introduce a capability bit for FG10-2f. 

We observe that in the RAN1 reply LS, the CA/LAA scenario was identified only as an example. It also does not make sense for UEs supporting only FBE (ChannelAccessMode-r16 ='semistatic') in any of the deployment scenarios to also support extended RAR window. This is because the likelihood of LBT failure preventing the gNB from sending the RAR within 10 ms is extremely low in a controlled environment, thus making extension of the RAR window not useful in such deployments.
Based on this, we propose that RAN2 updates TS 38.306 to specify that for UEs only supporting FBE in any of Scenarios A, B, C, D, or E the capability parameter extRA-ResponseWindow-r16 is optional.
[bookmark: _Ref61905340][bookmark: _Toc61905347]The capability parameter extRA-ResponseWindow-r16 in TS 38.306 (corresponding to FG 10-2f) should be optional for UEs supporting FBE only (ChannelAccessMode-r16 ='semistatic'), i.e., UEs that do not also support LBE (ChannelAccessMode-r16 ='dynamic'). For UEs supporting only FBE, the capability should be optional for all of Scenarios A, B, C, D, and E listed in Annex B.3 of TS 38.300.
[bookmark: _Toc61905348]Send an LS reply to RAN2 informing RAN2 of the recommendation in Proposal 1
2.3 	URLLC
2.3.1	Rel-16 PDCCH monitoring capability for the CA case
Rel-16 introduces new UE PDCCH monitoring capability on the maximum numbers of blind decodes and non-overlapped CCEs where the limits are defined per span (see 38.213 V16.4.0).
[bookmark: _Hlk61801118]When a UE is configured to monitor multiple DL cells with Rel-16 PDCCH monitoring capability for a given (X,Y), if the number of configured DL cells is larger than the UE capability reported value, the total PDCCH monitoring limits are scaled proportionally to the UE reported value. In such case, PDCCH monitoring spans across the concerned DL cells may be determined to be aligned or unaligned and the total limits are applied to a set of spans across the DL cells in a different manner (see 38.213 V16.4.0 section 10.1).

In Rel-16, additional UE features (FG 11-2a to FG 11-2e) are introduced for UEs supporting Rel-16 PDCCH monitoring. Later UE feature discussions revolve around whether and how to support UEs with lower complexity for Rel-16 PDCCH monitoring, especially for determining whether the spans across the DL cells are aligned or unaligned in case that the number of configured DL cells is larger than the UE reported value.

In RAN1 #103-e [2], the following working assumption was made for potential additional UE features related to Rel-16 PDCCH monitoring.
Work assumption: 
· The replicated FGs of 11-2a/c[d/e] with restriction for non-aligned span case are added to RAN1 UE features list
· Component 2 of new FGs is below
· UE supports aligned span and non-aligned span
· In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot


The new UE features are aimed at reducing UE complexity in determining whether the spans across the DL cells are aligned. Since the notion of aligned or unaligned spans are relevant for Rel-16 PDCCH monitoring only when the number of configured DL cells where UE monitors PDCCH is larger than the UE capability reported value, it is reasonable that these new UE features are introduced only for such case.
Thus the working assumption above can be confirmed. For CA, the changes described by the WA are realized by introducing two new UE features, e.g., FG 11-2f and 11-2g, which replicate FG 11-2a and 11-2c with the component 2 described for the non-aligned span case. Example of the new UE features FG 11-2f and 11-2g, replicating FG 11-2a and 11-2c are provided in the table below. Note that the UE should report either FG 11-2a/c (i.e., more capable UEs) or FG 11-2f/g (i.e., less capable UEs), but not both. 
	11. 
NR_L1enh_URLLC
	11-2f
	Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells and the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value
	1. Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
· Candidate value for the component: {2, 3, …, 16}
2. Supported span arrangement for CA
· Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}
· For UE supporting both aligned spans and non-aligned spans, 
· In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot


	11. 
NR_L1enh_URLLC
	11-2g
	Number of carriers for CCE/BD scaling with DL CA with mix of Rel. 16 and Rel. 15 PDCCH monitoring capabilities on different carriers and the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value
	1. Supported combination(s) of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16)
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
2. Supported span arrangement for CA
· Candidate value for the component: {aligned spans only, aligned spans and non-aligned spans}
· For UE supporting both aligned spans and non-aligned spans, 
· In case of non-aligned span when the configured number of cells with Rel-16 PDCCH monitoring is larger than the UE reported value, PDCCH monitoring occasion(s) should be configured only on same symbol(s) every slot




For NR-DC, the PDCCH monitoring capability builds on top of the CA monitoring capability (see 38.213 V16.4.0 section 10.1). Thus similar UE features for the case when a UE is configured for NR-DC operation can be considered, i.e., new UE features 11-2h/i replicating FG 11-2d/e with restriction only for the non-aligned span case.
[bookmark: _Toc61304233][bookmark: _Toc61905349]Confirm the working assumption to introduce new UE features, replicating FG 11-2 a/c/d/e with FG 11-2f/g/h/i with restriction added for the non-aligned span case.
2.3.2	Interpretation of UE capabilities in case of cross-carrier operation
In RAN1#103e, it was agreed that for FG 11-7a (UL cancelation scheme for cross-carrier), the interpretation of UE capabilities in case of cross-carrier operation is according to Interpretation 3, i.e., based on the support of this capability for both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.
Interpretation for several other features was discussed without reaching conclusion, including FG 11-7b/9/9a and 12-2a.
· 11-7b	Independent cancellation of the overlapping PUSCHs in an intra-band UL CA
· 11-9		Multiple active configured grant configurations for a BWP of a serving cell
· 11-9a	Joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell
· 12-2a	Joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell

For these feature groups, the UE receives the DCI in the scheduling/triggering/indicating cell, and performs the described procedure in the scheduled/triggered/indicated cell. No special operations is required in the scheduling/triggering/indicating cell, and DCI is simply received as usual. Thus, for these feature groups, interpretation 1 should be applied, i.e., 
· Interpretation 1: Support of this UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.

[bookmark: _Toc61304234][bookmark: _Toc61905350]For FG 11-7b/9/9a and 12-2: the interpretation of these UE capabilities in case of cross-carrier operation are based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
[bookmark: _Toc47741932]2.4	IIoT
2.4.1	Relationship between FG12-1 and the feature of up to two HARQ-ACK codebooks in 11-4 and 11-4a
For the support of intra-UE multiplexing/prioritization of overlapping UL signals/channels, a question was raised that this is described fully in FG 12-1, and also mentioned in component 7 of 11-4 for HARQ-ACK.  However, FG 11-4 component 7 does not contain necessary components for multiplexing/prioritization (e.g., additional number of symbols d1, d2 as described in component 4) and 5) of FG 12-1).  Thus, clarification is needed to sort out intra-UE multiplexing/prioritization among FG 12-1, 11-4, 11-4a.
It is noted that 11-4 component 7 does not exist in 11-4a, although 11-4 and 11-4a are parallel features on HARQ-ACK codebooks. Thus it is better that 11-4 component 7 is deleted to align with 11-4a. Then the intra-UE multiplexing/prioritization of UL channels/signals is handled by 12-1 only, including the case involving two HARQ-ACK codebooks with two priority levels (related to 11-4, 11-4a).
In summary the following is proposed to sort out the support of intra-UE multiplexing/prioritization:
[bookmark: _Toc61304235][bookmark: _Toc61905351][bookmark: _GoBack]Resolve the relationship between FG 12-1 and 11-4/4a with the following: (a) Add one new FG, which mirrors FG11-4 but with component 7 removed; (b) FG12-1 is understood to cover all cancellation scenarios, including the cases involving two HARQ-ACK codebooks with two priority levels (see FG 11-4/4a); (c) Ask RAN2 to disable the existing FG11-4 (e.g., by setting dummy bit).

	[bookmark: _Toc47741933]11. 
NR_L1enh_URLLC
	11-4
	Two HARQ-ACK codebooks with up to one sub-slot based HARQ-ACK codebook (i.e. slot-based + slot-based, or slot-based + sub-slot based) simultaneously constructed for supporting  HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed with the restriction up to one sub-slot based HARQ-ACK codebook.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. Supports a DCI format (from the formats 1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured per BWP
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.   
6. Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot
Candidate values for the component 6 of FG11-4 is: For NCP, {4, 5, 6, 7} for 2-symbol*7 sub-slot configuration; For ECP, the candidate value is {4,5,6} for 2-symbol*6 sub-slot configuration.
7. Support intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels for HARQ-ACK

	11. 
NR_L1enh_URLLC
	11-4a


	Two subslot based HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities at a UE 
	1. Supports two subslot based HARQ-ACK codebooks with different priorities to be simultaneously constructed.
2. Supports separate PUCCH configuration for different HARQ-ACK codebooks
3. Supports 2-level priority of HARQ-ACK for dynamically scheduled PDSCH and SPS PDSCH.
4. Supports a DCI format (from the formats /1_1/1_2) scheduling PDSCH with different HARQ-ACK priorities  when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP 
5. Supports separate configuration of parameters PDSCH-HARQ-ACK-Codebook, UCI-OnPUSCH and ‘codeBlockGroupTransmission” for different HARQ-ACK codebooks.
6. Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot
8. Candidate values for the component 6 of FG11-4a is: For NCP, {4, 5, 6, 7} for 2-symbol*7 sub-slot configuration; For ECP, the candidate value is {4,5,6} for 2-symbol*6 sub-slot configuration.

	12. NR_IIOT
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	Support intra-UE multiplexing/prioritization of overlapping PUCCH/PUCCH and PUCCH/PUSCH with two priority levels in physical layer (PHY)
1) Configuration of PHY priority level for CG PUSCH and SR, and dynamic indication of priority level for dynamic PUSCH with a single DCI format
2) Multiplexing/prioritization between UL channels/signals with the same PHY priority level
3) Prioritization between UL channels/signals with different PHY priority levels
4) Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
5) Additional number of symbols (d2) needed beyond the PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission 
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2.5	Positioning
No further input.
[bookmark: _Toc47741934]2.6	TEI16
[bookmark: _Toc47741937]2.7	5G V2X
No further input.
[bookmark: _Toc47741938]2.8	MIMO
No further input.
[bookmark: _Toc47741947]2.9	CLI/RIM
No further input.
[bookmark: _Toc47741948]2.10	MR-DC/CA enhancement
No further input.
[bookmark: _Toc47741951]2.11	UE Power Saving
No further input.
[bookmark: _Toc47741954]2.12	IAB
No further input.
[bookmark: _Toc47741955]2.13	Mobility Enhancement
No further input.

[bookmark: _Toc47741956]2.14	Potential change/update on existing UE features for Rel-16 UE
No further input.

[bookmark: _Toc47741957]2.15	New FGs that are not dedicated to a specific Rel-16 work item/TEI
No further input.
2.16	UE feature interpretation in case of cross-carrier operation
In last RAN1 meeting, RAN1 discussed and agreed on the interpretation applicable for some features, while the discussion did not conclude on FG 3-5b (or pdcch-MonitoringAnyOccasionsWithSpanGap) [4].
· Interpretation1: Support of this UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· Interpretation2: Support of this UE capability is based on the support of this capability for the band of the scheduling/triggering/indicating cell only.
· Interpretation3: Support of this UE capability is based on the support of this capability for both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell.

For FG 3-5b, there were differing views on which interpretation should be supported, between Interpretation 3 and Interpretation 2.
For interpretation 3, the main benefit is that it allows UE to differentiate the support of FG3-5b with FR1 scheduling FR1 from FR1 scheduling FR2 [5]. A main concern with interpretation 3 is that support for FG 3-5b for FR2 self-scheduling is made a pre-condition to indicate support for FG 3-5b with FR1-to-FR2 cross-carrier scheduling. 
Interpretation 2 is a more straightforward interpretation as FG 3-5b is related to the PDCCH monitoring capability which is naturally related to the scheduling cell PDCCH monitoring. On the other hand, at least some UE vendors’ concern with interpretation 2 is that it does not allow UE to differentiate support of FG 3-5 b for FR1-scheduling FR1 from FR1-scheduling-FR2. 
With current status, a potential compromise would be to find an interpretation that mitigates above concerns. 
For example, introducing a per-UE UE capability that allows a UE to indicate which interpretation of Interpretation 2 and Interpretation 3 for pdcch-MonitoringAnyOccasionsWithSpanGap and cross-carrier scheduling with different SCS. 
From our perspective, we are OK with interpretation 3 for Rel-15 i.e. CCS with same SCS. 
[bookmark: _Toc61905352]For Rel16, introduce UE capability signalling to indicate which Interpretation of Interpretations 2 and 3 is supported for FG3-5b (i.e., pdcch-MonitoringAnyOccasionsWithSpanGap) support for cross-carrier scheduling between different SCS (i.e. crossCarrierScheduling-OtherSCS). 
[bookmark: _Toc47741958]3	Conclusions 
In this contribution we discussed the remaining details of Rel-16 NR UE features and make the following proposals:
Proposal 1	The capability parameter extRA-ResponseWindow-r16 in TS 38.306 (corresponding to FG 10-2f) should be optional for UEs supporting FBE only (ChannelAccessMode-r16 ='semistatic'), i.e., UEs that do not also support LBE (ChannelAccessMode-r16 ='dynamic'). For UEs supporting only FBE, the capability should be optional for all of Scenarios A, B, C, D, and E listed in Annex B.3 of TS 38.300.
Proposal 2	Send an LS reply to RAN2 informing RAN2 of the recommendation in Proposal 1
Proposal 3	Confirm the working assumption to introduce new UE features, replicating FG 11-2 a/c/d/e with FG 11-2f/g/h/i with restriction added for the non-aligned span case.
Proposal 4	For FG 11-7b/9/9a and 12-2: the interpretation of these UE capabilities in case of cross-carrier operation are based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
Proposal 5	Resolve the relationship between FG 12-1 and 11-4/4a with the following: (a) Add one new FG, which mirrors FG11-4 but with component 7 removed; (b) FG12-1 is understood to cover all cancellation scenarios, including the cases involving two HARQ-ACK codebooks with two priority levels (see FG 11-4/4a); (c) Ask RAN2 to disable the existing FG11-4 (e.g., by setting dummy bit).
Proposal 6	For Rel16, introduce UE capability signalling to indicate which Interpretation of Interpretations 2 and 3 is supported for FG3-5b (i.e., pdcch-MonitoringAnyOccasionsWithSpanGap) support for cross-carrier scheduling between different SCS (i.e. crossCarrierScheduling-OtherSCS).
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