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General comments on UE feature list
The current UE feature structure (also being open for discussion) is formulated based on the suggestions from RAN2 as listed in LS of R1-1911817, including columns for Pre-requisite feature group, Consequence if the feature is not supported by the UE, Need of XDD/FRX differentiation, Capability interpretation for mixture of FDD/TDD and/or FR1/FR2 etc. which are deemed useful from RAN2 point of view. RAN2 also mentioned that it can be up to RAN1/RAN4 to decide which fields would be provided in the UE feature list. From RAN1 point of view, we also consider the columns listed in the current version of UE feature template are useful. For example, Pre-requisite feature group is useful for understanding the role of a feature would play in relation to other feature (groups) in a Rel-16 network and even to an earlier network. Input on this aspect thus will help ensure a compatible implementation of a feature group, thus is preferred. 
However, regarding the column “Capability interpretation for mixture of FDD/TDD and/or FR1/FR2”, further clarification is needed as not clear what is exactly supported by a UE reporting support mixture of FDD/TDD and/or FR1/FR2. This column is requested by RAN2 following an ambiguity issue as addressed in R2-1911858 and replying LS R1-1911741 for Rel-15. For the concerned scenario in Rel-16, a similar principle can be summarized and reused as per RAN2 request. The following is proposed:
Proposal: 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.

In addition, a further potential issue has been identified as described in LS R1-1913579 for Rel-15. The issue concerns the support of all 8 possible combinations of XDD/FRX by the current Rel-15 UE capability signalling framework, and request necessary changes in RAN2 if needed. In our view, this could be solely resolved in RAN2 and does not seem to require any further discussion in RAN1 even for Rel-16, unless further requested by RAN2. 
Detailed comments on NR features
Our current views on Rel-16 NR features are summarized below.
[bookmark: _Toc32523982][bookmark: _Toc32524024][bookmark: _Toc32618404]2-step RACH
	1. The column “Capability interpretation for mixture of FDD/TDD and/or FR1/FR2” is not applied for 2-step RACH, i.e. N/A, as MsgA on SCell is not supported.
2. On FG#9-1,
a) Item 2) is not needed since fallback can be reflected by item 1) and item 15), with item 15) modified to “monitoring of MsgB including SuccessRAR and Fallback RAR”.
b) Item 4) needs clarification to be limited to fully shared case. Subset sharing of ROs with 4-step configuration should be a separate UE capability
c) Item 6) should be a separate UE capability, as FH in Rel-15
d) Item 7) can be split into two: one is the UE capability of single MsgA PUSCH configuration, and the other is up to two MsgA PUSCH configurations as a separate UE capability
e) Item 9) is not aligned with agreements wherein MsgA PRACH to PRU mapping is defined. Suggest to update it as mapping between preamble of MsgA PRACH and PUSCH resource units of MsgA PUSCH
f) Item 14) seems not needed, as it can be considered as part of item 15).
g) Item 15), we need to further discuss whether to define the limit of the total number MsgB to be monitored per slot, since MsgB could be successRAR dedicated to another UE or could carry RRC content with large payload, which leads to increased decoding efforts compared to msg2 in 4-step RACH.
3. On FG 9-2, PRACH Msg1 can be removed as there seems be no use case of parallel MsgA and Msg1 transmission. This is also in line with FG 4-26, i.e. there are no parallel two Msg1 transmissions.



[bookmark: _Toc32618405]NR Unlicensed
There was discussion in RAN1 on whether NRU features are regarded applicable to bands other than band 46 or only applicable to band 46, by default. According to NRU WID RP-191575, it is required that “To allow for an efficient design, the enhancements should reuse the features of NR as much as possible. Duplication of work done in other NR work items should be avoided.” Thus, majority of NRU features were developed under the assumption of channel access procedure for band 46.  Whether these features can be additionally applied to other bands for other purpose always requires further discussion/decision in our view. We had a comment in #5 with similar reasoning.
Other comments to the feature list as below:
	1. On FG 10-1: 
a) The terminologies should align with those defined in TS37.213, i.e. CAT4 LBT-> type1 DL/UL channel access procedure, CAT2 25us LBT-> type 2A DL/UL channel access procedure, CAT2 16us LBT -> type 2B DL/UL channel access procedure and CAT1 LBT -> type 2C DL/UL channel access procedure. 
b) Additional capability, e.g. FG10-1a, should be defined, such as type A/B multiple channel access procedure when a PUSCH is scheduled across multiple LBT bandwidth, which depends on FG 10-1. 
2. On FG 10-2, the terminology of CAT1 LBT and CAT2 LBT did not appear in the spec of TS37.213. In addition, there is no agreement in RAN1 to support UE initiated COT, thus the FFS should be removed. Considering FBE is just one of the potential channel access mechanisms, thus this feature group should be optional with capability signaling.
3. On FG 10-4 to 10-6, they are redundant and can be removed.
4. On FG 10-7, this feature group should depend on the channel access mode applied on the band 46. “Prerequisite feature groups” should be “10-1 or 10-2”. “Type” should be per band.
5. On FG 10-8, the PDSCH mapping type B with length 9 and 10 can apply to both licensed and unlicensed band according to the agreement in NRU and DSS TEI, We propose to have a separate feature group with “Type” as “Per UE”. For the rest of additional length, it was only discussed in NRU and the “Type” should be per band.  
6. On FG 10-9, the search space group switching will only balance the UE complexity and efficiency of channel access when dynamic channel access procedure is used in band 46. The “Prerequisite feature groups” should be “10-1” and “Type” should be “per band”. 
7. On FG 10-10, report of channel occupancy should be the component of this feature group. Suggest to change the name of feature group to RSSI-CO-Measurement according to RAN2 specification of TS38.331. It should be optional with capability signaling
8. On FG 10-12, the OCC configuration only applies to PUCCH mapping on PRB interlace. The “Prerequisite feature groups” should be “(10-1 or 10-2) and 10-3”.
9. On FG 10-13, CP extension is only useful to fill the gap after LBT and start of PUSCH. For semi static channel access, the length of channel sensing fixed and no need for CPE.  The “Prerequisite feature groups” should be “10-1”
10. On FG 10-16a, there was no agreement in RAN1 that one shot feedback triggered by DCI 1_1 without scheduling PDSCH should depend on the feature group 10-16. The dependence in the row of 10-16a should be removed. The description on 10-16 and 10-16a should be self-contained. 
11. On FG 10-18a, “UE transmits multiple PUSCHs in a configured grant period according to the RRC configuration for both type 1 and type 2 configured grant” should be added as one of the components for FG 10-18a. In addition, another UE capability should be added for the capability to multiplex between CG-UCI and HARQ-ACK configured by higher layer signaling. 
12. On FG 10-18b, all components should be same as those for LBE thus there is no need to define a separate capability, except how UE will determine the availability of configured resource within a fixed frame period, which needs more RAN1 discussion. If FG 10-18b is deleted, then “with LBE” should be deleted as well.
13. On FG 10-19, this capability can be derived implicitly from channel combination supported, whether a separate capability is needed can be discussed in RAN4. If the carrier bandwidth is larger than 20MHz, UE should be capable to perform LBT on all LBT bandwidths in the carrier. 
14. On FG 10-20, the rb-offset should be applied to CORESET configuration. The name of feature group should be changed.  
15. On FG 10-22, no agreement either in 2 step RACH or NRU to support this feature. The whole row should be FFS before it can be agreed. 
16. The following feature groups are proposed to be included 
a) A FG separate from CORESET associated with rb-offset for monitoring PDCCH on multiple monitoring locations
b) A FG of initial access signal and procedures 
c) A FG of RLM measurement based on discovery burst
d) A FG of RMSI detection on SCell where SSB is not on the sync raster
e) A FG for UE to detect DCI format 2_0 including available RB set indicator, remaining COT duration and explicit flag for search space set group switching



[bookmark: _Toc32618406]URLLC PHY layer & IIOT 
	1. On FG 11-3, different UE capability should be defined for the support of "7-symbol * 2” and "2-symbol * 7". Support of "2-symbol * 7" can imply the support of "7-symbol * 2”.  
2. On FG 11-4, separate capability should be defined for scheduling PDSCH with different HARQ-ACK priorities by DCI format 1_1 and DCI format 1_2, and separate capability should be defined for scheduling PUSCH with different priorities by DCI format 0_1 and DCI format 0_2.
3. On FG 11-5, 
a) Separate capability should be defined for PUSCH repetition type B scheduled by DCI format 0_1 and DCI format 0_2. 
b) Splitting “nominal” repetition should be a separate UE capability.   
4. On FG 11-8, different UE capability should be defined for enhanced UL power control with DCI format 0_1 and DCI format 0_2
5. On FG 11-9, currently up to 12 configurations are supported specification-wise. Depending on deployment scenarios and/or UE design/implementation, it may not be necessary for some UEs (and even networks as the deployment can be dedicated to some types of services) to mandatorily support the maximum possible number, i.e. 12 configurations. We propose UE reports the capability on the maximum number of simultaneous configured grant configurations, with candidates of e.g. {2, 4, 8, 12}.
6. On FG 12-2, similarly, we propose UE reports the capability on the maximum number of simultaneous SPS configurations, with candidates of e.g. {2, 4, 8}.  



[bookmark: _Toc32618407]Positioning
The current UE feature list for NR positioning is roughly categorized by DL and UL. Since the current LPP running CR in RAN2 adopts multiple positioning methods, it might be possible and beneficial to re-categorize UE feature list per each positioning methods. From implementation point of view, it is also possible that a given UE may only support a subset of positioning methods supported by specifications including all components corresponding to that method. An example for re-categorization can be found in Appendix.
Other comments to the feature list as below:
	1. On FG 13-1: Component-8 “Support of DL PRS RSRP measurement quality metric” should be removed, because there is no RSRP quality reporting at all.
2. On FG 13-2: “Max # of DL PRS Resource Sets per TRP supported by UE” in component-2 should be updated to “Max # of DL PRS Resource Sets per TRP per frequency layer supported by UE” based on agreement from RAN1#99. 
3. On FG 13a-1
a) “per BWP” should be added to component-1 based on agreements from RAN1#99
b) Component-3 and 4 have “neighbor cell” in the description while Component-5 and 6 don’t have it, can you explain the reason?
c) Component-8 should be modified as below, as reported for Rel-15 SRS capability, i.e.
· Max # of periodic SRS resources for positioning supported by UE across all SRS resource sets per BWP
· Max # of semi-persistent SRS resources for positioning supported by UE across all SRS resource sets per BWP
· Max # of aperiodic SRS resources for positioning supported by UE across all SRS resource sets per BWP
4. On FG 13b-1, for multi-RTT positioning purpose, we do not see the need to differentiate the capability of UE Rx – Tx time difference measurement with respect the serving cell and the neighbouring cells, because we do not have it for RSTD or PRS-RSRP. Likewise, we think support of intra-frequency and inter-frequency can be UE capability. Suggest to the merge the component 1 and 2 as
· Support of intra-frequency UE Rx – Tx time difference measurements
5. On FG 13-1 & FG 13-2, suggest to add the following component based on the agreement made in RAN1#99 and with noting that the maximum of RBs for a carrier is 264 for FR2
· (X,T): Duration of DL PRS symbols in X ms a UE can process every T ms assuming 272 PRB allocation and 30kHz SCS for FR1 and assuming 264 PRB allocation and 120kHz SCS for FR2
6. On FG 13-2, suggest to add the following component based on agreements made in RAN1#99
· Max number of RSTD measurements per TRP pair
7. On FG 13a-1, ssuggest to add the following component based on agreements made in RAN1#99
· Maximum number of distinct pathloss estimates across all SRS resource sets for positioning values = {0, 4, 8, 16}
8. On FG 13b-1, similar to RSTD, we suggest to add the following component based on agreement for RSTD
· Max number of UE Rx – Tx time difference measurements per TRP
9. On FG 13-1 & FG 13-2: 
Firstly, when the SCS is 120 kHz and the number of PRBs is 272 (approximately 400MHz), the buffering and computing resources required by the UE will increase sharply. Furthermore, the UE needs to process PRS from multiple cells in a short time. It would need a higher UE capability to support such a large bandwidth for positioning. Therefore, we propose to add a new feature on the maximum bandwidth of PRS that UE can support, similar to what we have in Rel-15 as supportedBandwidthDL in FeatureSetDownlinkPerCC.
Secondly, the current LPP specification allows assistance data delivery containing both LTE PRS and NR PRS, and measurement request requesting both measurements based on LTE PRS and NR PRS. Since processing LTE PRS and NR PRS simultaneously would inevitably increase the UE load, thus it would be better to define a UE capability regarding simultaneous LTE-NR PRS processing.
Thirdly, in case PRS configuration includes both FR1 and FR2, another buffering capability considering mixed FR1 and FR2 operation should be introduced. The condition can reuse what we have for FR2 standalone, i.e. assuming 264 PRB allocation and 120kHz SCS.
In summary, we propose to add the following three new components under FG 13-1 and FG 13-2.
· New-1: The maximum bandwidth of PRS that the UE can support similar to supportedBandwidthDL in FeatureSetDownlinkPerCC
· New-2: Support of simultaneous processing of LTE PRS and NR PRS
· New-3: (X,T): Duration of DL PRS symbols in X ms a UE can process every T ms assuming 264 PRB allocation and 120kHz SCS mixed FR1 and FR2 operation

10. On FG 13a-1
Firstly, when multiple SRS resources are simultaneously transmitted on the same slot, the UE processing capability will be greatly challenged, since the processing resources are directly proportional to the number of SRS resources that need to be supported. For Rel-15, there is also such a UE capability regarding the number of periodic/SP/AP SRS resources in a slot, a similar capability should be introduced for SRS for positioning.
Secondly, when multiple SRS resources are simultaneously transmitted on the same symbol, the UE processing capability will be greatly challenged, since processing resources are directly proportional to the number of SRS resources that need to be supported. Therefore, it is better to add a new capability on number of simultaneous transmission of SRS for positioning on a symbol.
Finally, for the number of spatial relations, the Rel-15 UE capability is related to the serving cell. For NR positioning, the spatial relations can be for the neighbouring cells. Therefore, it is reasonable to introduce another UE capability of the active spatial relations toward neighbouring cells. Therefore, it would be better to add a new UE capability on the number of active spatial relations for the neighbouring cells/TRPs.
In summary, we propose to add the following three new components under FG 13a-1.
· New-1: Max # of SRS resources for positioning supported by UE across all SRS resource sets per BWP per slot. Similar to component-8 and captured in Rel-15 SRS capability, it should be sorted by each resourceType, i.e.,
· Max # of periodic SRS resources for positioning supported by UE across all SRS resource sets per BWP per slot
· Max # of semi-persistent SRS resources for positioning supported by UE across all SRS resource sets per BWP per slot 
· Max # of aperiodic SRS resources for positioning supported by UE across all SRS resource sets per BWP per slot
· New-2: Max # of simultaneous transmission of SRS for positioning on a symbol (for single carrier operation and intra-band CA)
· New-3: Max # of active spatial relations for neighbouring cells/TRPs (FFS: separate for each source type or totally number irrespective of the source type)



[bookmark: _Toc32618408]TEI 
	1. On FG 14-6, for the input of “mandatory/optional”, we’d like to leave it open for discussion at this stage.
2. On FG 14-7: “No” should be changed to “Applicable only to FR1” for the column of “Need of FR1/FR2 differentiation” according to the agreements.
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	1. On FG 15-1, Component 5) should be added based on the UE capability defined in LTE-V2X:
	5) The UE can receive [Z] total number of soft channel bits in a slot


This kind of parameter is defined in LTE-V2X, because it sets the requirement for the UE buffer implementation. If the buffered total data from all candidate UEs is larger than the supported soft channel bits, the UE can drop some part of the received data. 
Component 6) should be added to limit the maximum number of ACK/NACK PSFCHs that need to be received in a slot, for a similar reason as the limitation on PSCCH receptions:
	6) The UE can receive [W] total number of ACK/NACK PSFCHs in a slot



2. FG 15-2: n38 licensed band has been specified by RAN4 as a dedicated sidelink carrier. In order to fully control the sidelink licensed spectrum and perform better QoS assurance for sidelink communication, Mode 1 is the only choice for sidelink communication operating on licensed band such as n38. Suggest to modify the “Note” item as below:
	This is the basic FG for sidelink using licensed spectrum


Also, suggest to modify the “Mandatory/Optional” item as below
	Optional with capability signalling. For UE supports NR sidelink in licensed spectrum, UE indicates this FG is supported.



3. FG 15-11: Support of unicast and groupcast are key differentiating features for NR-V2X. It is important that they are not deployed in a weak form at first by UEs that may remain in the field for many years. PSFCH should be a mandatory feature.  
4. FG 15-12: There does not seem to be any necessity to condition low-spectral efficiency 64-QAM support on also having 256-QAM. The “and 256 QAM MCS table” words should be deleted from the consequence column.
5. Add new FG 15-14: eNB type synchronization source for NR SL
Use of eNB as a sync source for the NR sidelink should be optional per-band. NR UEs can be implemented without being required to include LTE synchronization capability to reduce the cost of the UE. The other columns of this are common with the other V2X FGs, with no pre-requisite.
We also have the following agreement as in RAN1#94bis:
Agreements on sidelink synchronization references
· At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
· eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour) 
· Whether a source is supported is for further NR V2X UE capability consideration



[bookmark: _Toc32618410]eMIMO
Concrete suggestions including recommended candidate values for listed components & FGs are provided as below. Given the amount of FGs & components in this WI, more reasoning for some of these suggestions as well as additional considerations for e.g. separation of existing UE capabilities, potential formulation of a basic (sub-) FGs etc., can be found in our companion contribution [1].
	1. On FG 16-1, 
a) Regarding component #1 “Support of L1-SINR based beam selection”, add the following sub-components and corresponding candidate values
i. Component 1a)  Supported type of interference measurement resource  {“Dedicated”, “Non-dedicated”, “Both”}
ii. Component 1b)  Supported type of dedicated IMR  {“NZP CSI-RS only”, “CSI-IM only”, “NZP CSI-RS only and CSI-IM only”, “NZP CSI-RS only and CSI-IM only and Mixed NZP CSI-RS + CSI-IM”}
iii. Component 1c)  Max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR for L1-SINR  {2, 4, 8, 16, 32, 48, 64}
iv. Component 1d)  Max number of NZP CSI-RS and CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as IMR for L1-SINR  {2, 4, 8, 16, 32, 48, 64}
v. Component 1e)  The total max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) to measure RSRP and L1-SINR (CMR + IMR), activated pathloss RSs and different SSB/CSI-RS resources for UE to monitor PDCCH quality for PCell and SCell across all CCs within a slot.  candidate value set is {0, 2, 4, 8, 16, 32, 64}
vi. Component 1f) Maximum number of L1-SINR report setting per BWP 
b) Regarding component #2 “Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH”  candidate values: {support PDCCH only, support PDSCH only, support both}
· Add sub-Component 2a) Max number of lists of CCs configured by RRC  {1, 2}
c) Regarding component #3 “Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS” {candidate values: support AP-SRS only, support SP-SRS only, support both}
· Add sub-Component 3a) Max number of lists of CCs configured by RRC  {1, 2}
d) Regarding component #4 “Simultaneous spatial relation update for multiple PUCCH resources” 
· Add sub-Component 4a)Max number of PUCCH resource groups per BWP   {1, 2, 3, 4}
e) Regarding component #7 “Pathloss reference RS update for PUSCH/SRS via MAC CE”   Candidate values：{support PUSCH only, Support SRS only, Support both}
· Add the following sub-components and corresponding candidate values
i. Component 7a) Maximum number of configured pathloss RSs  {4, 8, 16, 64}
ii. Component 7b) Maximum number of activated pathloss RSs across CCs  {4, 8, 16, 32}
f) Regarding component #8 “SCell beam failure recovery” 
· Add the following sub-components and corresponding candidate values
i. Component 8a) Maximum number of SCell(s) for which the UE can be configured to perform BFR  {1..31}
ii. Component 8b) Maximum number of different CSI-RS and/or SSB resources across all SCell(s) for new beam identification  64 * {0.5, 1, …, 31}

2. On FG 16-2,  
a) For Multi-DCI-based component #1 “The maximum number of CORESET configured per “PDCCH-Config”  candidate values {2, 3, 4, 5}
b) For Multi-DCI-based component #2 “The maximum number of CORESET configured per TRP”  candidate values {1,2,3} 
c) If UE supporting Multi-DCI-based Multi-TRP operation, at least one candidate value of each components #1 and #2 shall be reported by the UE. (Notes)
d) For Multi-DCI-based Multi-TRP operation, following components and corresponding candidate values are suggested: 
· Support enhanced scheduling/HARQ order  Optional 
· Support the DMRS ports of PDSCH to be QCLed with the RS(s) with respect to the QCL parameter(s) used for PDCCH of the lowest CORESET index among CORESETs configured with the same value of CORESETPoolIndex, when the time offset between the reception of the PDCCH and the corresponding PDSCH is less than a threshold  Optional
· Support intra-slot separate HARQ-ACK feedback
e) For Single-DCI-based Multi-TRP operation, following components are added: 
· The maximal value of “RepNumR16” {8, 16}. Optional. When this component is not reported, enhanced slot-level repetition scheme is not supported.
· Support transmission scheme(s) with enhanced reliability  3 bit. Optional. The bits from the leftmost to the rightmost correspond to schemes {“FDMSchemeA”, “FDMSchemeB”, “TDMSchemeA”}. Value 1 in the bitmap indicates that the corresponding scheme is supported, otherwise it is not supported.
· Supports default TCI state(s) if at least one configured TCI states for the serving cell of scheduled PDSCH contain “QCL-TypeD” and the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH.  optional 

3. On FG 16-3, 
a) For component 2 for Regular eType-II and component 1 for Port selection eType-II, we suggest to replace it as following due to higher flexibility of balance between UE complexity and gNB implementation: 
· A list of supported combinations across all CCs simultaneously whereas each combination is {S, P, X, P_total}, where S is max # of PMI subbands, P is max # of Tx ports in one resource, X is max # of resources and P_total is total # of Tx ports  candidate values S: {19:2:37}, P: {4, 8, 12, 16, 24, 32}, X:{1:1:64}, P_total:{4:1:256}
· {S, P, X, P_total} is per band per BC and other components for eType-II codebook is per band.
b) For component 5 for Regular eType-II, we suggest to remove “UCI omission” from now unless RAN1 spec can clarify further UE behavior. 

4. On FG 16-5,  
a) Add Component-0: “Whether to support UL full power transmission”. The component is to enable the functionality, which is aligned with the agreed RRC signaling design.
b) The name of Component-1 should be replaced to “Full power transmission mode(s)”, due to the fact that Transmission mode-1 is only with a unique new codebook set, so “new codebook sets” is redundant.



[bookmark: _Toc32618411]CLI/RIM
	1. RAN2 had decisions and has informed RAN1 with some UE feature related suggestions as provided in R2-1916348, including e.g. FR1/FR2 differentiation should be “Yes” in general for all CLI capabilities. 
2. Note that FG 17-1/2/3 on CLI are already reflected in endorsed CR R2-1915716.
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	1. On FG 18-2
a) It is better to change “1 Tx” to “Single UL Tx” to align with FG 8-2 in Rel-15.
b) “intra-band” should be removed in all the places for this FG 18-2. Firstly, it is not aligned with the scope of the WID nor the current spec. Secondly, it may result in that “Single UL operation for TDD inter-band ENDC” is mandatory for a UE supporting TDD inter-band EN-DC
c) “EN-DC” can be put for the column “Prerequisite feature groups” as in Rel-15.
d) “Yes” can be used for the column “Need of FR1/FR2 differentiation” following FG 6-13 and 8-2 in Rel-15.
e) The component for this FG 18-2  might be too general, some concrete components can be further considered, by adding descriptions similar to those in FG 6-13 for instance
f) Since the feature is an extension of R15 capability and signaling is also reported per band combination, the existing signaling may be reused, differentiated by the associated band combinations for different UEs. Final decision can be up to RAN2 whether to reuse the existing capability signaling for FG 8-2 and 6-13 (FDD).
2. On FG 18-3
a) Typos, e.g. “FD” should be “FDD” and “cell” should be “PCell”.
b) Suggest to refine terminology of “2 Tx” as “dual Tx” as used in the WID. 
c) The components can also be modified, following descriptions in FG 6-13 and 8-2. 
d) “EN-DC” can be put for the column “Prerequisite feature groups” as in Rel-15.
e) The following FG can be added as extension of 6-13 according to the agreements.
	18-3a

	UL scheduling beyond TDM restriction to an FDD-LTE Pcell in EN-DC
	1) LTE PUSCH/A-SRS can be scheduled in all uplink subframes with UL scheduling timing of Case 1 DL reference configuration, 
2) LTE PRACH resource configurations are not limited to the UL subframes designated by the DL-reference configuration
	(Rel-15 6-13 or Rel-16 18-3) and Rel-15 8-1 
	Per band combination
	Applicable in EN-DC/NE-DC with FDD-LTE only
	Applicable to FR1 only

	Extension of the R15 capability tdm-Pattern
to support LTE PUSCH/A-SRS/PRACH uplink transmission occasions in all UL subframes



f)  The following FG can be added as extension of 18-3a according to the agreements.
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3. On FG 18-5
a) According to the agreements, separate UE capabilities for lower SCS scheduling higher SCS and higher SCS scheduling lower SCS should be set. 
b) crossCarrierScheduling-OtherSCS should indicate whether the UE supports cross carrier scheduling per SCS combination (Scheduling carrier SCS, Scheduled carrier SCS) for each band combination. For example, some UEs support 30kHz SCS PDCCH in band 1 scheduling 60kHz SCS PDSCH in band 2 but not support 15kHz SCS PDCCH in band 1 scheduling 60kHz SCS PDSCH in band 2.
c) According to the agreements in RAN1#97, it should add one more UE capability for using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for lower-SCS scheduling higher-SCS, where M<=N (for slot aggregation, M<N), once further agreement on which option to choose is achieved. 
d) No need of FDD/TDD differentiation. 
4. On FG 18-6
a) According to the agreements in RAN1#98bis, separate UE capabilities for lower-SCS scheduling higher-SCS and higher SCS scheduling lower SCS should be set. 
b) Similar to FG 18-5, it should indicate whether the UE supports triggering of aperiodic CSI-RS where the CSI-RS is on a carrier with one sub-carrier spacing and the triggering PDCCH is on another carrier per SCS combination (PDCCH SCS, A-CSI-RS SCS) for each band combination
5. On FG 18-7
a) Based on the WID scope (RP-192336), this feature is restricted for inter-band CA. This could be clarified in the “Note”.
6. On FG 18-8
a) It is more proper to have separate UE capabilities for HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration.
b) The “Type” should be “per UE”.



[bookmark: _Toc32618413]UE power saving
	1. On FG 19-1: 
a) The name of DCI format in UE feature list should be updated to DCI format 2_6 in component (1) and (2).
b) There is another FG18-4 to define the UE capability to support L1 indicated dormancy adaptation. The component (4) overlaps with 18-4 and should be deleted.
c) As agreed in “Agreements: The minimum time gap between the end of the slot of last DCI format 3_0 monitoring occasion and the start of the DRX ON is a UE capability based on subcarrier spacing.”, the minimum gap needs to be reported as UE capability. Therefore, another component should be added: Report of the minimum time gap between the end of the slot of last DCI format 2_6 monitoring occasion and the start of the DRX ON. 
d) It is clearer to change the note “PS_offset is determined based on UE capability” to “PS_offset is determined based on UE capability on the minimum time gap between the end of the slot of last DCI format 2_6 monitoring occasion and the start of the DRX ON”.
e) Should be “Optional with capability signalling”. 
2. On FG 19-2: Cross slot scheduling is supported in Rel-15. The FG 19-2 actually refers to the feature to support the DCI triggered adaptation on minimum K0/K2. To avoid confusion, it is suggested to change the name of the FG to ‘dynamic adaptation on minimum scheduling offset’. 
3. On FG 19-3: The UE capability of supported maximum MIMO layers for PDSCH has been defined in Rel-15. The FG 19-3 is not defining the supported maximum MIMO layers per DL BWP. It should be the capability to support the configuration of maximum MIMO layers per BWP. Therefore, it is suggested to refine the description of the component to ‘support of per-BWP configured maximum MIMO layers for a DL BWP’.



[bookmark: _Toc32618414]IAB
	1. Basic functionalities to support backhaul link operation for IAB seems an agreeable basic FG, if a basic FG for IAB is desirable. Features which are IAB-node specific may be considered as mandatory, such as single STC for IAB-node DU and 2 SMTC for IAB-node MT for inter-IAB-node discovery and measurement, semi-static H/S/NA resource configuration for IAB-node DU, initial cell selection, an IAB-node MT may assume 160ms SS/PBCH periodicity, etc.
2. On FG 20-1: To support inter-IAB-node discovery and measurement, single STC can be the baseline for IAB node DU hence we proposed to add a note “For device supports IAB backhaul, it must support single STC” to the column of Note. 
3. On FG 20-2: To support inter-IAB-node discovery and measurement, 2 SMTC similar to a access UE can be the baseline for IAB node MT hence we proposed to add a note “For device supports IAB backhaul, it must support 2 SMTCs” to the column of Note.
4. On FG 20-4: the description of the feature should be updated according to the agreement in RAN1 #99 to like: Multiplexing capability between IAB MT and IAB DU with respect to each transmission-direction combination: {MT-TX/DU-TX,  MT-TX/DU-RX, MT-RX/DU-TX, MT-RX/DU-RX}. 
5. On FG 20-6: DCI format [4_0 should be changed to DCI format 2_5 to align with 38.212. 
6. Regarding whether the FG is Mandatory or Optional, feature FG 20-1/2/3/6/7 should be “Optional with capability signaling”. The sentence “For device supports IAB backhaul, it must report this FG is supported” can be removed, some detailed analysis are listed below 
a) FG 20-1/2: An IAB node does not need to support multiple STC/SMTC for discovery and measurement, .e.g. CSI-RS based measurement can be used.
b) FG 20-3: The support of separate RACH configurations from the configuration for access UEs does not need to be mandatory for IAB node since the IAB node MT can still access the network via the RACH configurations for the access UE.
c) FG 20-6: Semi-static resource configuration is the baseline for IAB node and the support of the dynamic indication of soft resource availability can be viewed as a performance enhancement.
7. On FG 20-7: An IAB node DU does not need to rely on Case 1 OTA timing to set its DL Tx timing, e.g. GNSS can be used.



[bookmark: _Toc32618415]Mobility enhancement
	1. On FG 21-1: As a friendly reminder, we suggest adding a note to FG 21-1 saying that RAN1 is assuming RAN2 will define separate UE capabilities on the support of {simultaneous uplink transmission, different TAG, different SCS} to/for source and target cells, as well as the support of {intra/inter-band, intra/inter-frequency, sync/async} cases, as indicated in previous LS to RAN2 (R1-1913395).
2. In RAN1#99, it was agreed that without additional capability signaling, support of DAPS HO implies support of simultaneous reception of DL signals/channels in overlapping OFDM symbols. We suggest capturing this implied capability in UE feature list and TS38.306. For example, it can be captured in the column of ‘Note’ at least for FG 21-1, probably also other feature groups added based on the first comment.
3. Regarding mandatory/optional, as DAPS HO is designed to meet IMT2020 requirement of 0ms data interruption during handover, it would be beneficial to mandate UE to support intra/inter-frequency synchronous DAPS HO for selected scenarios (e.g., bands where 4 Rx are mandatory). To this end, a note can be added to related UE features that ‘UE shall report supporting this feature for band n7/n38/n41/n77/n78/n79’ (e.g., for FG 21-1 if restricted to synchronous case). 
4. On FG 21-2: The current formation of UE feature 21-2 is a bit unclear, e.g., multiple options listed in feature description but no candidate value is given for reporting. The statement in ‘consequence if not supported’ implies all the UEs should support semi-static power sharing, while some UEs may additionally support dynamic power sharing, aligned with the agreements from RAN1#99. With this understanding, we suggest to modify/clarify feature description as ‘Indicates support of dynamic UL power sharing during DAPS-HO operation, i.e. semi-static or dynamic.’ and mark it as ‘optional with capability signalling’.



[bookmark: _Toc32618416]On additional proposals for Rel-16 NR
There are a few Rel-15 leftover issues might be addressed in Rel-16 UE feature discussion. The “leftover” means optimization can be achieved without specification impact such that discussion on new UE behavior is restrained. 
	FG 8-1: Dynamic power sharing for LTE-NR DC
The Rel-15 FG 8-1 is mandatory with capability signalling. Considering the importance of EN-DC operation for early/smooth NR deployment, it would be beneficial if all Rel-16 UEs can report of support of FG 8-1.

New UE capability: support of simultaneous CBG operations and multiple PDSCHs per slot
· There is conclusion in Rel-15 that 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. To ensure the NR data rate performance while maximizing the respective benefits of CBG based operations and multiple PDSCHs per slot, an explicit UE capability of support simultaneous operation is proposed
· It should be, if supported, an optional feature with UE capability signalling, and with need of FRX differentiation while without need of XDD differentiation.
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Table 1 UE feature for NR DL-TDOA positioning
	13. NR DL-TDOA positioning
	13-1
	Basic DL-TDOA positioning
	1. Support of single positioning frequency layer 
2. Support of single PRS resource set per TRP
3. Support of single PRS resource per PRS resource set for FR1 and 8 PRS resources per PRS resource set for FR2
4. Support of 3 PRS resources across all positioning frequency layers for FR1 and 24 PRS resources per PRS resource set for FR2
5. Support of three TRPs across all positioning frequency layers
6. Support of intra-frequency DL PRS RSRP/DL RSTD measurement based on DL PRS 
7. Support of 20MHz PRS bandwidth for FR1 and 100MHz PRS bandwidth for FR2
8. Support of (X, T) = (1, 160) for FR1 and (0.5, 160) for FR2: Duration of DL PRS symbols in X ms a UE can process every T ms assuming 272 PRB allocation and 30kHz SCS for FR1 and assuming 264 PRB allocation and 120kHz SCS for FR2
	

	
	13-2
	Additional PRS resources
	1. Max number of positioning frequency layers
2. Max number of PRS resource sets per TRP
3. Max number of PRS resource per PRS resource set
4. Max number of PRS resources across all positioning frequency layers
5. Max number of TRPs across all positioning frequency layers
	13-1

	
	13-3
	Inter-frequency measurement
	Support of inter-frequency RSTD and PRS RSRP measurements
	13-1

	
	13-4
	Additional buffering capability
	1. (X,T): Duration of DL PRS symbols in X ms a UE can process every T ms assuming 272 PRB allocation and 30kHz SCS for FR1 
2. (X,T): Duration of DL PRS symbols in X ms a UE can process every T ms assuming 264 PRB allocation and 120kHz SCS for FR2 
3. (X,T): Duration of DL PRS symbols in X ms a UE can process every T ms assuming 264 PRB allocation and 120kHz SCS for mixed FR1-FR2 operation
	13-1

	
	13-5
	PRS bandwidth
	Supported PRS bandwidth
	13-1

	
	13-6
	Simultaneous LTE-PRS and NR-PRS processing
	Support of simultaneous processing of LTE PRS and NR PRS
	13-1



Table 2 UE feature for NR DL-AoD positioning
	13a. NR DL-AoD positioning
	13a-1
	Basic DL-AoD positioning
	1. Support of single positioning frequency layer 
2. Support of single PRS resource set per TRP
3. Support of single PRS resource per PRS resource set for FR1 and 8 PRS resources per PRS resource set for FR2
4. Support of 3 PRS resources across all positioning frequency layers for FR1 and 24 PRS resources per PRS resource set for FR2
5. Support of three TRPs across all positioning frequency layers
6. Support of intra-frequency DL PRS RSRP measurement based on DL PRS 
7. Support of 20MHz PRS bandwidth for FR1 and 100MHz PRS bandwidth for FR2
8. Support of (X, T) = (1, 160) for FR1 and (0.5, 160) for FR2: Duration of DL PRS symbols in X ms a UE can process every T ms assuming 272 PRB allocation and 30kHz SCS for FR1 and assuming 264 PRB allocation and 120kHz SCS for FR2
	

	
	13a-2
	Additional PRS resources
	1. Max number of positioning frequency layers
2. Max number of PRS resource sets per TRP
3. Max number of PRS resource per PRS resource set
4. Max number of PRS resources across all positioning frequency layers
5. Max number of TRPs across all positioning frequency layers
	13a-1

	
	13a-3
	Inter-frequency measurement
	Support of inter-frequency PRS RSRP measurements
	13a-1

	
	13a-4
	Additional buffering capability
	1. (X,T): Duration of DL PRS symbols in X ms a UE can process every T ms assuming 272 PRB allocation and 30kHz SCS for FR1 
2. (X,T): Duration of DL PRS symbols in X ms a UE can process every T ms assuming 264 PRB allocation and 120kHz SCS for FR2 
3. (X,T): Duration of DL PRS symbols in X ms a UE can process every T ms assuming 264 PRB allocation and 120kHz SCS for mixed FR1-FR2 operation
	13a-1

	
	13a-5
	PRS bandwidth
	Supported PRS bandwidth
	13a-1

	
	13a-6
	Simultaneous LTE-PRS and NR-PRS processing
	Support of simultaneous processing of LTE PRS and NR PRS
	13a-1
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