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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: OLE_LINK22]Introduction
This contribution contains discussion for some remaining issues for Rel-16 NR UE features.
2 UE features not dedicated to a Rel-16 WI/TEI
2.1 Unlicensed band differentiation
The following agreement was made at RAN1#103-e (yellow highlights have been added for open issues), for which details of the discussion are summarized in [1]:

Agreements:
· At least for the following FGs, Rel-16 FGs can be introduced to indicate the support of the feature in unlicensed band
· FG 1-2 (SS block based SINR measurement (SS-SINR))
· FG 2-32a/2-32b (Semi-persistent CSI report on PUCCH/PUSCH)
· FG 3-6 (Dynamic SFI monitoring)
· [FG 4-19]
· FG 4-19a/4-19b/4-19c/4-28 (HARQ-ACK multiplexing)
· FG 4-23 (Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8)
· FG 5-14/5-16/5-17/5-17a (PDSCH and PUSCH repetitions)
· [FG 5-18/5-19/5-20/5-21 (SPS and configured grant)]
· Note1: for above listed FGs, indicating the support of Rel-15 FG by Rel-16 UE means support of the feature in licensed band only
· Note2: for above listed FGs, Rel-16 FGs for unlicensed band replicated from Rel-15 are “optional with capability signaling” in UE features list
· FFS: whether each of Rel-16 versions of 4-19/4-23/4-28/5-17 is part of basic operation for corresponding scenarios of NR-U
· FFS: interpretation of support of FG in case of cross-carrier operation between licensed and unlicensed carriers

	Index
	Feature group
	Component
	Mandatory/Optional

	4-19
	SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or HARQ-ACK/CSI piggybacked on a PUSCH) when SR/HARQ-ACK/CSI are supposed to be sent with the same starting symbol on the PUCCH resources in a slot
	SR/HARQ-ACK/CSI multiplexing once per slot, where overlapping PUCCH resources have the same starting symbols on the PUCCH resources in a slot while precluding the case of SR/HARQ-ACK by overlapping PUCCH resources with the same starting symbols on the PUCCH resources in a slot
	Mandatory with capability signaling

	5-18
	DL SPS
	
	Optional with capability signaling

	5-19
	Type 1 Configured UL grant
	1) K = 1
	Optional with capability signaling

	5-20
	Type 2 Configured UL grant 
	1) K = 1
	Optional with capability signaling

	5-21
	Pre-emption indication for DL
	
	Optional with capability signaling



The reason from the original proposal in [2] was summarized by Qualcomm:

The issue is that unless the base station(s) implement the features both in licensed and unlicensed, the feature cannot be tested. Then it cannot be deployed either in licensed or in unlicensed for a UE that has both licensed and unlicensed capability.

The assumption for this statement was that there could be unexpected implementation differences for the same feature for a licensed or unlicensed band, although from a functionality perspective no difference is foreseen (in particular no difference related to LBT).

Several companies have indicated there is no need for differentiation for Rel-15 optional FGs 5-18, 5-19, 5-20 and 5-21, in the sense that it is not expected that there would be any need for a different UE implementation of these features for licensed or unlicensed operation. However, this was also true for some of the other FGs already agreed for differentiation, e.g. FGs 4-19a/4-19b/4-19c for which the following conclusion made in RAN1#102e justified no need for differentiation:

For operation with shared spectrum channel access, it is a common understanding that when UE performs UCI multiplexing on PUSCH or PUCCH, that the multiplexing procedure is not dependent on the outcome of the channel access procedure corresponding to the PUSCH or PUCCH transmission.

For consistency, even though this may unnecessarily increase capability signaling overhead, we could accept to also introduce Rel-16 capabilities for unlicensed operation for FGs 5-18, 5-19, 5-20 and 5-21.

Proposal 1: Introduce Rel-16 FGs to indicate support of the features in unlicensed band for FGs 5-18, 5-19, 5-20 and 5-21.

Among the FGs agreed for Rel-16 differentiation for unlicensed operation, FGs 4-23, 4-28 and 5-17 are mandatory with capability signaling in Rel-15. FG 4-19 is still under discussion and is also mandatory with capability signaling in Rel-15.

	4-23
	Repetitions for PUCCH format 1, 3, and 4 over multiple slots with K = 2, 4, 8
	

	4-28
	HARQ-ACK multiplexing on PUSCH with different PUCCH/PUSCH starting OFDM symbols
	HARQ-ACK piggyback on a PUSCH with/without aperiodic CSI once per slot when the starting OFDM symbol of the PUSCH is different from the starting OFDM symbols of the PUCCH resource that HARQ-ACK would have been transmitted on

	5-17
	PUSCH repetitions over multiple slots  
	1) K = 2, 4, 8 times repetitions



Qualcomm explained that for those FGs (including 4-19) the intent is not to make the feature optional but to signal the IODT bit separately for licensed and unlicensed operation. Apple’s understanding is that there is no baseline and that a new decision is needed for the newly introduced Rel-16 signaling, and this discussion amounts to discussing whether the new Rel-16 capabilities are basic FGs for NR-U scenarios.

LG Electronics proposed that FG4-19 should be a basic feature group for NR-U scenarios supporting PUCCH in unlicensed spectrum. MediaTek proposed that mandatory or optional for Rel-15 FG is not changed, but Rel-16 FG for unlicensed band is optional with capability signalling except for FG4-19, which should be mandatory with capability signalling for NR-U deployment scenarios B, C and E specified in Annex B.3 of TS38.300.

As per note 2 in the agreement, it is only needed to discuss whether each of Rel-16 versions of 4-19/4-23/4-28/5-17 is part of basic operation for corresponding scenarios of NR-U.

FG4-19 corresponds to the per-UE capability mux-SR-HARQ-ACK-CSI-PUCCH-OncePerSlot where multiplexing and piggybacking features is indicated by sameSymbol.

In our view, if unlicensed differentiation is introduced for FG4-19, then FG4-19 should be a basic FG for scenarios A.2, B, C and E. For scenarios A.1 and D where uplink is in licensed spectrum, the Rel-15 capability of FG4-19 remains mandatory.

There is no direct signaling from a UE about supported NR-U scenarios, but the UE can signal that it supports only unlicensed bands or both licensed and unlicensed bands (in band combinations), and the UE can signal some or all of the NR-U basic FGs.

· Case 1: UE capability report includes only unlicensed bands. UE reports basic FGs only for NR-U scenarios with uplink in unlicensed band. UE reports FG4-19. 

· Case 2: UE capability report includes band combinations with both licensed and unlicensed bands. UE reports basic FGs only for NR-U scenarios with uplink in licensed band. UE reports FG4-19.

· Case 3: UE capability report includes band combinations with both licensed and unlicensed bands. UE reports basic FGs only for NR-U scenarios with uplink in unlicensed band. UE reports FG4-19.

· Case 4: UE capability report includes band combinations with both licensed and unlicensed bands. UE reports basic FGs for all NR-U scenarios. UE reports FG4-19.

Based on the UE report of the supported bands/band combinations and NR-U basic FGs, the gNB can infer whether the UE supports NR-U operation with uplink in licensed, unlicensed or both licensed and unlicensed bands. Therefore, the gNB can assume whether FG4-19 has been tested with uplink in licensed, unlicensed, or both licensed and unlicensed operation. This should be unambiguous for cases 1, 2 and 3.

In case 4, some ambiguity could exist since there is no association between the capability signaling of basic NR-U FGs and the supported band combinations. In other words, for a given band combination including a licensed band and an unlicensed band, if the UE reports basic FGs for NR-U scenarios where uplink could be in licensed or unlicensed band, then the gNB should assume that both NR-U scenarios are supported for the same band combination. But if we assume that the UE may not have been tested with uplink in licensed band (for example) for the relevant NR-U scenarios because no gNB was available for such testing, then there is no way for the UE to indicate this. The only alternative is that UE does not report any band combination including both licensed and unlicensed band, in which case the UE cannot report that it supports the case that it was tested for (in this case uplink in unlicensed band).

Based on this, it would be useful to introduce licensed/unlicensed differentiation for FG4-19 with a Rel-16 UE capability for FG4-19 where PUSCH/PUCCH is in unlicensed band, if we assume that it may not be possible to find gNBs for testing UE with PUSCH/PUCCH in both licensed and unlicensed bands.

Proposal 2: Introduce a Rel-16 FG to indicate support of the feature in unlicensed band for FG4-19.

Likewise, the unlicensed version of the capabilities corresponding to FGs 4-23, 4-28 and 5-17 should be basic FGs for NR-U scenarios with uplink in unlicensed band, i.e. scenarios A.2, B, C and E.

Proposal 3: The Rel-16 FGs for unlicensed operation related to FG4-19, 4-23, 4-28 and 5-17 are basic FGs for NR-U scenarios A.2, B, C and E.

Regarding the interpretation of support of FG in case of cross-carrier operation between licensed and unlicensed carrier, one example question is “if the uplink is in licensed band in relation to DL in unlicensed band, should the UE signal the Rel-15 capability (for licensed operation) or the new Rel-16 capability (for unlicensed operation) corresponding to a specific uplink capability (such as FG4-19)?”.

In the above discussion, we have assumed that the UE should report the Rel-15 capability in the case above, which could occur for example in scenario A.1 where NR-U SCell is not configured with uplink (DL only).

Proposal 4: the newly introduced Rel-16 FGs (that correspond to unlicensed operation of Rel-15 FGs) indicate support of the feature on a carrier configured in unlicensed band.
· For indicating the support of a feature on a carrier configured in licensed band in a band combination including an unlicensed band, the Rel-15 capability should be reported.

3 UE features for Rel-16 WI/TEI
3.1 eMIMO
Regarding FGs 16-1a-1 and 16-1g, the following was agreed in RAN1#103-e meeting:
	Conclusion: 
For FGs 16-1a-1 and 16-1g, continue discussion on whether/how Section 5.2.1.6 in 38.214 applies



For the purpose of CSI reporting, a description of ‘active’ CSI-RS resources or ports is captured in Section 5.2.1.6 in 38.214, where a rule of double-counting is also specified. 
	38.214, Section 5.2.1.6
In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability. NZP CSI-RS resource is active in a duration of time defined as follows. For aperiodic CSI-RS, starting from the end of the PDCCH containing the request and ending at the end of the PUSCH containing the report associated with this aperiodic CSI-RS. For semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. For periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times.



To avoid further delay, we triggered some continued discussions in the thread of [103-e-NR-UEFeatures-eMIMO-01] at the end of RAN1#103-e meeting, but no conclusion was achieved due to lack of time. There are mainly two questions to be answered and our views are provided below.  

· During which time will one RS be considered as active?

For FG 16-1g, a long time was spent to create component 1 and 2 to distinguish ‘configured to measure’ and ‘configured’. If a periodic RS is considered active between configuration and releasing, then the intended difference between component 1 and 2 of FG 16-1g disappears. For this reason, it is more natural that the previous/existing text in 38.214 do not apply to FG 16-1g, with which the RS resource is counted only in the slot it occurs. Similar logic also apply to ‘per slot limitations’ and ‘memory limitations’ in FG 16-1a-1. According to the latest discussions in [103-e-NR-UEFeatures-eMIMO-01], it seems companies are fine with this clarification and it would be better to capture this with the TP#1 in the Annex 2 (to avoid the chance of mis-interpretation that may rise from current specs). 

· How many times will one RS be counted, if it is associated with different usage?

One motivation for introducing FG 16-1g is to allow for sharing of processing capability among different usages. There was a long discussion on whether to mention ‘unique’ in the description of FG 16-1g. In its current form, it says ‘number of SSB/CSI-RS/CSI-IM resources’, where uniqueness is implied and double-counting is thereby not applicable (unless otherwise specified, such as the case when CSI-RS is configured as CMR without dedicated IMR). There was a compromise proposal from QC that is each resource occurrence is counted once for all usages not referred to any report setting, and is counted additional N times if referred N times by one or more CSI Reporting Settings. For this compromise proposal, in our view, so far all the functionalities included in FG 16-1g require only simple measurements and can be shared across functionalities (for example, CSI measurement are not included here), with which it is less motivated to introduce such a double-counting rule. A TP#2 can be found in the Annex 2.

Proposal eMIMO-1: For FGs 16-1a-1 and 16-1g, the reported capability on number of resources ‘configured to measure’ are counted only in slot where it occurs, and double-counting is not applied if one resource is associated with multiple usages.

3.2 eURLLC
· The restriction for non-aligned span case for Rel-16 PDCCH monitoring capability
The restriction that the same span pattern repeats in every slot for a given CC for Rel-16 PDCCH monitoring capability was discussed in RAN1#103-e meeting. The main concern for such a restriction is that it will introduce serious constraints, i.e. the same location of actual PDCCH monitoring occasions for all the slots. In order to relax the constraints for scheduling, it has been proposed to only introduce this restriction for the non-aligned span case. The working assumption that was reached is as below:
	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



We are fine for this working assumption, thus no specification change is needed on the span definition or the method to determine the combination (X, Y). As for FG 11-2d and 11-2e, the restriction is also needed to ease the UE’s implementation for the DC case. However the replicated FGs of 11-2d and FG11-2e is not needed, since the restriction can be achieved by reporting FGs of 11-2d/e together with the new FGs (i.e. the replicated FGs of 11-2a/c with restriction for non-aligned span case), instead of together with FGs of 11-2a/c. 
Proposal eURLLC-1: Confirm the following working assumption from RAN1#103-e with modification as following:
· 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 handling of FG 11-4 and FG 12-1
The relationship between FG 11-4 and FG 12-1 was discussed in RAN1#103-e meeting. Three alternatives were given as following, but consensus could be reached during the meeting.
	Alt.1: 
· Add 3 new FGs as below
· New FG11-4 with modifying component 7 as “Note: Support handling of UL overlapping channels/signals of the same priority level”
· New FG12-1 with removing components 3/4/5
· New FG (12-1b) for UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
· Ask RAN2 to disable current FG11-4/12-1 (e.g., by setting dummy bit)
· Need to update dependency with other FGs

Alt.2: 
· Add two new FGs as below
· FG11-4 with modifying component 7 as “Note: Support handling of UL overlapping channels/signals of the same priority level”
· FG12-1 to cover all cancellation scenarios
· Ask RAN2 to disable current FG11-4/12-1 (e.g., by setting dummy bit)

Alt.3: 
· No additional new FGs
· Redefine component 7 of FG11-4 as: Support intra-UE multiplexing/prioritization of UL overlapping channels/signals of the same priority level




[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Among the three alternatives, we slightly prefer Alt. 1. Firstly, with Alt.1, the original intention to separate the support of two priorities for DL and UL is still kept compared to all other 2 alternatives. Secondly, by using FG 12-1b as the common FG for the support of UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels, only one set of d1 and d2 is reported by the UE. Furthermore, even without FG12-1b, it is still meaningful to support either the new FG11-4 or the new FG 12-1. For example, for new FG11-4, we have agreed to have separate RRC configuration for high priority HARQ-ACK codebook and low priority HARQ-ACK codebook, which can enable a better transmission of high priority HARQ-ACK. For Alt 2 and Alt 3, FG 12-1 covers all cancellation cases, which cannot meet the original intention to separate the support of two priorities for DL and UL.
If we go with Alt.1, the update on the FGs can be found in Annex 3. As for the dependency on with other FGs, since the existing FG11-4 and FG 12-1 will be set to dummy bit, the new FG11-4 and FG12-1 will replace the existing FG11-4 and FG 12-1. Therefore, there is no need to update the dependency with other FGs if there are any other FGs with FG 11-4 or FG 12-1 as the pre-requisite.
Proposal eURLLC-2: Adopt modified Alt 1 as following:
· Add 3 new FGs as below
· New FG11-4 with modifying component 7 as “Note: Support handling of UL overlapping channels/signals of the same priority level”
· New FG12-1 with removing components 3/4/5
· New FG (12-1b) for UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer 
· Ask RAN2 to disable current FG11-4/12-1 (e.g., by setting dummy bit)
· Need to update dependency with other FGs

4 Conclusions
Based on the discussion above, the following are proposed:

Proposal 1: Introduce Rel-16 FGs to indicate support of the features in unlicensed band for FGs 5-18, 5-19, 5-20 and 5-21.

Proposal 2: Introduce a Rel-16 FG to indicate support of the feature in unlicensed band for FG4-19.

Proposal 3: The Rel-16 FGs for unlicensed operation related to FG4-19, 4-23, 4-28 and 5-17 are basic FGs for NR-U scenarios A.2, B, C and E.

Proposal 4: the newly introduced Rel-16 FGs (that correspond to unlicensed operation of Rel-15 FGs) indicate support of the feature on a carrier configured in unlicensed band.
· For indicating the support of a feature on a carrier configured in licensed band in a band combination including an unlicensed band, the Rel-15 capability should be reported.

For eMIMO,
Proposal eMIMO-1: For FGs 16-1a-1 and 16-1g, the reported capability on number of resources ‘configured to measure’ are counted only in slot where it occurs, and double-counting is not applied if one resource is associated with multiple usages.

For eURLLC,
Proposal eURLLC-1: Confirm the following working assumption from RAN1#103-e with modification as following:
· 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

Proposal eURLLC-2: Adopt modified Alt 1 as following:
· Add 3 new FGs as below
· New FG11-4 with modifying component 7 as “Note: Support handling of UL overlapping channels/signals of the same priority level”
· New FG12-1 with removing components 3/4/5
· New FG (12-1b) for UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer 
· Ask RAN2 to disable current FG11-4/12-1 (e.g., by setting dummy bit)
· Need to update dependency with other FGs
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Annex 1: NR-U Deployment Scenarios
TS38.300, Annex B.3	NR Operation with Shared Spectrum
NR Radio Access operating with shared spectrum channel access can support the following deployment scenarios:
-	Scenario A: Carrier aggregation between NR in licensed spectrum (PCell) and NR in shared spectrum (SCell);
· Scenario A.1: SCell is not configured with uplink (DL only). 
· Scenario A.2: SCell is configured with uplink (DL+UL). 
-	Scenario B: Dual connectivity between LTE in licensed spectrum and NR in shared spectrum (PSCell);
-	Scenario C: NR in shared spectrum (PCell);
-	Scenario D: NR cell in shared spectrum and uplink in licensed spectrum;
-	Scenario E: Dual connectivity between NR in licensed spectrum (PCell) and NR in shared spectrum (PSCell).
Carrier aggregation of cells in shared spectrum is applicable to all deployment scenarios.

Annex 2: eMIMO



TP#1: Based on R1-2009585

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	Per slot limitations:
1. The max number of SSB/CSI-RS (1Tx) for CMR 
1. The max number of CSI-IM/NZP-IMR resources 
1.  The max number of CSI-RS (2Tx) resources for CMR

Memory limitations:
1. The max number of SSB/CSI-RS resources as CMR
1. The max number of CSI-IM/NZP IMR resources

Other limitations:
1. Supported density of CSI-RS (CMR)
1. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1
1. Supported SINR measurements
	2-21, 2-22 or 2-23, 2-23a
	Yes 
	N/A
	
	Per band
	No
	No
	
	Component 1: Candidate values {8, 16, 32, 64}

Component 2: Candidate values {8, 16, 32, 64}

Component 3: Candidate values {0, 4, 8, 16, 32, 64}

Component 4: Candidate values {8, 16, 32, 64 , 128}

Component 5: Candidate values {8, 16, 32, 64 , 128}

Component 6: Candidate values {‘1 only’, ‘3 only’, ‘1 and 3’}

[bookmark: _Hlk42699933][bookmark: _Hlk42699987]Component 7: Candidate values {2, 4, 8, 16, 32, 64}

Component 8: Candidate values: bitmap with entries {SSB as CMR with dedicated CSI-IM, SSB as CMR with dedicated NZP IMR, CSI-RS as CMR with dedicated NZP IMR configured, CSI-RS as CMR without dedicated IMR configured} 

If a UE supports FG 16-1a-1 it must support CMR(CSI-RS) + dedicated CSI-IM 

Note1: The reference slot duration is the shortest slot duration defined for the FR where the reported band belongs
Note2: For component 4 and 5 the configured CSI-RS resources for both active and inactive BWPs are counted
Note3: For components 1, 2 and 3, CSI-RS resources configured as CMR without dedicated IMR are counted both as CMR and IMR
Note4: For components 1, 2 and 3, a SSB/CSI-RS resource is counted only in a slot where it occurs.
	Optional with capability signalling

	
	16-1g
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification 
	1. The maximum total number of SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
1.  The maximum total number of SSB/CSI-RS/CSI-IM resources configured across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
	2-24, 2-31
	Yes

	N/A
	
	Per UE
	No
	Yes
	
	Component-1: candidate value set is {2, 4, 8, 12, 16, 32, 64, 128}

Component-2: candidate value set is {2, 4, 8, 12, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256}

Note: For RS configured for new beam identification, they are always counted regardless of beam failure event

Note: The “configure to measure” RS (component1) only counts those in active BWP but the configured RS (component2) counts all configured including both active and inactive BWP
Note: the reference  slot duration is the shortest slot duration defined for the reported FR supported by the UE

Note: The “configured to measure” RS is only counted in a slot where it occurs.
	Optional with capability signaling

	
	16-1g-1
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification across frequency ranges
	1. The maximum total number of SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
1. The maximum total number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
	2-24, 2-31, 16-1g
	Yes
 
	N/A
	 
	Per UE
	No
	No
	 
	Component-1: candidate value set is {2, 4, 8, 12, 16, 32, 64, 128}
Component-2: candidate value set is {2, 4, 8, 12, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256}
Note: This FG indicates the maximum number of resources across all FR(s) that are supported by the UE

Note: The signalled values apply to the shortest slot duration defined in any FR(s) that are supported by the UE 

Note: The “configured to measure” RS is only counted in a slot where it occurs.
	Optional with capability signaling



TP#2: Based on R1-2009585
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	16-1g
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification 
	1. The maximum total number of SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
2.  The maximum total number of SSB/CSI-RS/CSI-IM resources configured across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
	2-24, 2-31
	Yes

	N/A
	
	Per UE
	No
	Yes
	
	Component-1: candidate value set is {2, 4, 8, 12, 16, 32, 64, 128}

Component-2: candidate value set is {2, 4, 8, 12, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256}

Note: For RS configured for new beam identification, they are always counted regardless of beam failure event

Note: The “configure to measure” RS (component1) only counts those in active BWP but the configured RS (component2) counts all configured including both active and inactive BWP
Note: the reference  slot duration is the shortest slot duration defined for the reported FR supported by the UE

Note: If a CSI-RS resource is associated with multiple usages, the CSI-RS resource is only counted one time.

	Optional with capability signaling

	
	16-1g-1
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification across frequency ranges
	1. The maximum total number of SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
2. The maximum total number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
	2-24, 2-31, 16-1g
	Yes
 
	N/A
	 
	Per UE
	No
	No
	 
	Component-1: candidate value set is {2, 4, 8, 12, 16, 32, 64, 128}
Component-2: candidate value set is {2, 4, 8, 12, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256}
Note: This FG indicates the maximum number of resources across all FR(s) that are supported by the UE

Note: The signalled values apply to the shortest slot duration defined in any FR(s) that are supported by the UE 


Note: If a CSI-RS resource is associated with multiple usages, the CSI-RS resource is only counted one time.
	Optional with capability signaling




Annex 3: eURLLC

	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 handling of UL overlapping channels/signals of the same priority level intra-UE multiplexing/prioritization of UL overlapping channels/signals with two priority levels for HARQ-ACK

	
	Yes
	N/A
	
	Per FS

Per FS is selected because in bands or BCs with large number of carriers or large BW, the UE’s procesing power is spent on PDCCH/PDSCH decoding, and hence in some cases the support of the new codebook or some codebook configurations may not be possible
	N/A
	N/A
	N/A 
	If a UE reports both 11-3 and 11-4, it can support two slot-based HARQ-ACK codebooks, and one slot-based and one-sub-slot-based HARQ-ACK codebooks. If a UE reports 11-4 but not 11-3, it can only support two slot-based HARQ-ACK codebooks.

The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs

Component 6 is applied to the sub-slot HARQ-ACK codebook. It is assumed that only 1 actual PUCCH transmission for HARQ-ACK within a slot for slot-based HARQ-ACK codebook.
· Component 6 is reported for 2-symbol*7 sub-slot configuration. For 7-symbol*2 sub-slot configuration, the value of component 6 is {2} for both NCP and ECP cases.
· For component 6,  maximum of 1 actual PUCCH transmission for HARQ-ACK within a slot for slot-based HARQ-ACK codebook. Thus value reported for component 6 has no meaning for “slot-based + slot based”.
	Optional with capability signalling

	12. NR_IIOT
	12-1
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
Support SR/PUSCH with different PHY priority levels
	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) [bookmark: _GoBack]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 
	
	Yes
	N/A
	
	Per FS

Per FS is selected because this FG involves various kinds of prioritization/cancellation/multiplexing, it is very processing intensive, and hence it is important to have finer granularity so that the UE does not have to under-report based on the worst band/band combination
	N/A
	N/A
	N/A
	Candidate value set for component 4: {0, 1, 2}

Candidate value set for component 5: {0, 1, 2}

The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4 and 11-4xshould be further discussed.
	Optional with capability signaling




	12. NR_IIOT
	12-1b
	UL intra-UE multiplexing/prioritization of overlapping channel/signals with two priority levels in physical layer
	Support intra-UE multiplexing/prioritization of overlapping UL channels/signals with two priority levels in physical layer (PHY)
1) Prioritization between UL channels/signals with different PHY priority levels
2) Additional number of symbols (d1) needed beyond the PUSCH preparation time for cancelling a low priority UL transmission.
3) Additional number of symbols (d2) needed beyond the PDSCH processing time or PUSCH preparation time for scheduling a high priority UL transmission that cancels a low priority UL transmission
	11-4 or 12-1
	Yes
	N/A
	
	Per FS

Per FS is selected because this FG involves various kinds of prioritization/cancellation/multiplexing, it is very processing intensive, and hence it is important to have finer granularity so that the UE does not have to under-report based on the worst band/band combination
	N/A
	N/A
	N/A
	Candidate value set for component 4: {0, 1, 2}

Candidate value set for component 5: {0, 1, 2}

The relationship between this feature and the feature of up to two HARQ-ACK codebooks of 11-4 and 11-4xshould be further discussed.
	Optional with capability signaling








