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After extensive discussion during Q1 and Q2, most of the NR Rel-16 UE features are stable now [1]. In this contribution, discussion and analysis on some remaining issues regarding NRU, URLLC/IIoT, TEI, V2X, MIMO, MRDC/CA, IAB and NR Mobility are presented.  
Discussion
NRU
In this sub-clause, we present our analysis on the structure of basic feature groups for NR-U.
In the RAN1#100bis-e meeting, there has been discussed about the structure of the basic feature groups, and the following working assumption has been reached.
	· [Working assumption] Take either one of following alternatives
Alt.1:
· Define a table to capture the basic FGs required for a certain NR-U deployment scenario in specification
· Note: the table does not have impact on capability signaling
· Note: the grouping of FGs in the table does not have impact on “prerequisite FGs” column in features list 
Alt.2:
· Capture an association between the basic FGs required to be supported and a certain NR-U deployment scenario in the UE features list



In our view, Alt.1 is clear as the table is defined with the intention that the basic FGs would be defined with tightly related functionality, and the basic FGs would try to avoid overlapping functionality as much as possible. It would be easier to build the relationship between the basic FGs and other optional FGs in terms of prerequisite condition. 
Proposal 1: 
· The following table is defined in specification to capture the basic FGs required for a certain NR-U deployment scenario.
	Basic FGs
	Deployment scenarios

	
	A-1 (SCell)
	A-2 (SCell)
	A-2 (SCell)
	C (Standalone),
D (Standalone + SUL)
	C (Standalone),
D (Standalone + SUL)
	B (EN-DC),
E (NR-NR DC)
	B (EN-DC),
E (NR-NR DC)

	
	DL only
	DL+UL
LBE
	DL+UL
FBE
	DL+UL
LBE
	DL+UL
FBE
	DL+UL
LBE
	DL+UL
FBE

	10-1: UL channel access for dynamic channel access mode  
	
	X
	
	X
	
	X
	

	10-1a: UL channel access for semi-static channel access mode
	
	
	X
	
	X
	
	X

	10-2: SSB based RRM for dynamic channel access mode
	X
	X
	
	X
	
	X
	

	10-2a: SSB based RRM for semi-static channel access mode
	X
	X
	X
	
	X
	
	X

	10-2b: MIB reading on unlicensed cell
	
	
	
	X
	X
	X
	X

	10-2c: SSB-based RLM for dynamic channel access mode
	
	
	
	X
	
	X
	

	10-2d: SSB-based RLM for semi-static channel access mode
	
	
	
	
	X
	
	X

	10-2e: SIB1 reception
	
	
	
	X
	X
	
	



URLLC/IIoT
· Necessity of FG 12-1x
FG 12-1x is intended for a UE capability of TB CRC update for CBG based re-transmission with cancelled initial transmission. In the RAN1#101-e meeting, RAN1 also discussed the possibility of addressing this issue by specification modification without introducing the new capability. As analyzed in our companion contribution [2], this issue can be avoided by gNB scheduling or leave to UE implementation. There is no need to define such UE capability. Whether it needs some specification modification or not can be further discussed in Rel-16 URLLC maintenance session.
	12-1x
	TB CRC for cancelled initial PUSCH with CBG based re-transmission
	PUSCH TB CRC calculated according to section 6.2.1 of TS38.212 for a re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured 
	5-25
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	The cancellation could be due to support of ULCI and/or intra-UE prioritization
	Optional with capability signaling 



Proposal 2: A new FG for “TB CRC for cancelled initial PUSCH with CBG based re-transmission” is not introduced.
· On maximum number of PUCCHs within a slot/sub-slot
There was a working assumption on support of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i. The intention of these feature groups is to limit the maximum number of PUCCHs by following Rel-15 FG 4-2 and FG 4-22a with replacing slot PUCCH to sub-slot PUCCH. By these FGs, the maximum number of PUCCHs within a slot will be determined. However, component 3 of FG 11-3 and component 6 of FG 11-4/4a also targets to limit the the maximum number of PUCCHs within a slot. In this sense, it’s not rational to confirm the working assumption with keeping FG11-3/11-4/4a unchanged. Thus, there are basically two alternatives to go with. 
· Alt1: Confirm the working assumption, and delete component 3 of FG 11-3 and component 6 of FG 11-4/4a.
· Alt2: Do not confirm the working assumption, and keep component 3 of FG 11-3 and component 6 of FG 11-4/4a.
In our view, Alt2 is preferred since it is simpler for UE reporting and network handling. 
Proposal 3: Do not confirm the working assumption on support of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i, and keep component 3 of FG 11-3 and component 6 of FG 11-4/4a.
· On component 3 of FG 11-3
It is still pending on whether/how to keep component 3 of FG 11-3. As discussed above, if the working assumption on support of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i is not confirmed, we would be fine to keep component 3 here. But, the current form is too restrictive. It artificially introduces a gap between every two PUCCHs within a slot, while there is even no such restriction in Rel-15. Similar to component 6 of FG 11-4/4a, we suggest changing component 3 to ‘Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot’.
	11-3
	More than one PUCCH for HARQ-ACK transmission within a slot
	1. Supports sub-slot based HARQ-ACK feedback procedure. 
• A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
• At least one sub-slot configuration for PUCCH can be UE specifically configured to a UE. 
• Supports a single configuration for PUCCH resource for all sub-slots in a slot. The starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot. Any sub-slot PUCCH resource is not across sub-slot boundaries. 

2. Supported sub-slot configuration

3. [Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols] 
	Candidate value set for component 2:
{ 7-symbol*2, 2-symbol*7 and 7-symbol*2} for NCP or { 6-symbol*2, 2-symbol*6 and 6-symbol*2} for ECP
The number of PUCCHs for CSI reporting per slot is not impacted compared with Rel-15 by introducing the new HARQ-ACK CBs

A UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations

[Candidate value set for component 3]:
(A, B) = 
{(7, 7),
(4, 2) and (7, 7),
(2, 2) and (7, 7)}]

FFS: Whether to keep component 3) and accordingly the above note for component 3)



Proposal 4: Component 3 of FG 11-3 should be changed to ‘Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot’.


TEI
One remaining issue on Rel-16 NR TEI is whether the following 14-8 is mandatory with capability signalling or optional with capability signalling.
	14. NR TEI
	14-8
	CSI trigger states containing non-active BWP
	1. CSI trigger states containing non-active BWP
	[Mandatory or Optional] with capability signaling


Per RAN1 common understanding, this feature is critical to NW’s operation involving multiple carriers or BWPs. The reason that companies want to introduce this FG is to reserve time for UE vendors to implement and test this feature. To make it mandatory with capability signalling will resolve companies’ concern on product timeline. After the IoT test of the features to enable multi-carrier/BWP operation, this feature should be mandatorily supported to ensure the NW works well. Hence, we support to make it mandatory with capability signalling. 
Proposal 5: Support to make 14-8 mandatory with capability signalling.
V2X
Remaining issues on 15-2 mode 1 transmission
Several issues remain open in 15-2 mode 1 transmission including SCS, basic FG, downlink path loss based OLPC. 

· Given the SCS could be configured based on UE report, it seems not necessary to mandate an SCS, which could be different from the actual UE report.
· Mode 1 transmission should be a basic FG in licensed spectrum where gNB is defined.
· The note on component 9) downlink path loss based open loop power control is reasonable given there is no valid downlink path loss information in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E-1

Thus we propose the following,
Proposal 6: Adopt the marked changes to 15-2
	15-2
	Transmitting NR sidelink mode 1 scheduled by NR Uu
	1) UE can transmit PSCCH/PSSCH using dynamic scheduling or configured grant type 1 and 2 in NR sidelink mode 1 scheduled by NR Uu. Up to 8 configured grants can be configured for a UE. Up to C sidelink HARQ processes are supported including those for configured grants
2) UE can transmit PSSCH according to the normal 64QAM MCS OFDM table.
3) UE supports PT-RS transmission in FR2.
4) UE can monitor DCI format 3_0 for NR sidelink dynamic scheduling and configured grant type 2.
6) UE can transmit using the subcarrier spacing and CP length it reports.
8) Supports 14-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {12, 9} for slots w/wo PSFCH. If UE signals support of ECP, support 12-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {10,7} for slots w/wo PSFCH.
9) Support downlink pathloss based open loop power control
11) UE can report sidelink HARQ-ACK to gNB via PUCCH and PUSCH when it is operating in NR sidelink mode 1
	
	Yes
	No
	
	Per band

	N.A.
	N.A.
	N.A.
	Note: Random selection in the exceptional pool is supported.

FFS: This is the basic FG for sidelink in licensed spectrum where gNB is operating on or managing that spectrum and optional FG otherwise

Candidate values for C are {8,16}
Note: the UE supports up max(B, C) as the total number of sidelink HARQ processes across both Mode 1 and Mode 2

Component-6 candidate value set in FR1:
{{15 kHz}, {30 kHz}, {60 kHz}, {15, 30 kHz}, {30, 60 kHz}, {15, 60 kHz}, {15, 30, 60 kHz}}
Component-6 candidate value set in FR2:
{{60 kHz}, {120 kHz}, {60, 120 kHz}}
Component-6 candidate value set for CP length: {NCP,NCP and ECP} 
(ECP only applies to SCS of 60 kHz)

Note: For Component 6, if a band is not indicated with only the PC5 interface in 38.101-1 Table 5.2E-1, the reported numerology shall be the same for sidelink and uplink.

FFS: Component (9) is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E-1

Note: Component 11 is not required to be supported in a band indicated with the PC5 interface in 38.101-1 Table 5.2E-1

FFS: whether to mandate an SCS.
	Optional with capability signalling
FFS: For UE supports NR sidelink in licensed spectrum where gNB is defined, UE must indicate this FG is supported.



Remaining issues on 15-11 PSFCH format 0
The remaining issue on PSFCH is whether gNB or UE needs to know the feature is supported or not. Given the gNB needs to allocate PSFCH resources in the resource pool, it would be beneficial that gNB knows UE actually supports this feature. From UE perspective, the knowledge of whether such a feature is supported or not seems unnecessary. 
Proposal 7: Adopt the marked changes to 15-11

	'15-11
	PSFCH format 0 
	1) UE can transmit and receive NR PSFCH format 0
2) UE can receive up to N PSFCH(s) resources in a slot.
3) UE can transmit up to M PSFCH(s) resources in a slot
	At least one of '15-1, '15-3
	Yes
	No
	
	Per band
	N.A.
	N.A.
	N.A.
	This is the basic FG for sidelink.

Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E-1

Candidate values for N are {5, 15, 25, 32, 35, 45, 50, 64}

Candidate values for M are {4, 8, 16}
	Optional with capability signalling
For UE supports NR sidelink, UE must indicate this FG is supported.



Remaining issues on 15-22 Support of fewer than 14 consecutive sidelink symbols in a slot
The remaining issue is whether 15-22 is supported as a basic FG. Given already Tx/Rx based on full slot has been supported as basic FG in 15-1/15-2/15-3 catering for various scenarios, we don't see a different use case that strongly motivates the support of 15-22 as a basic FG
Proposal 8: Adopt the marked changes to 15-22

	15-22
	Support of fewer than 14 consecutive sidelink symbols in a slot 
	1. UE additionally supports transmission/reception of SL slot configured with 7, 8, 9, 10, 11, 12, 13 consecutive symbols and all the corresponding DMRS patterns

	At least one of '15-1, '15-2, '15-3
	Yes
	No
	UE supports SL only in a SL slot configured with 14 consecutive symbols.
	Per band
	 N.A.
	N/A
	N.A.
	FFS: This is the basic FG for NR sidelink 


	Optional with capability signalling


MIMO
For multi-beam operation, there is still some remaining issues for FG 16-1a-1
	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	Per slot limitations:
1. The max number of [unique] SSB/CSI-RS [(1Tx)] for CMR 
2. The max number of CSI-IM/NZP-IMR resources 
3.  The max number of CSI-RS (2Tx) resources for CMR

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

Other limitations:
6. Supported density of CSI-RS (CMR)
7. 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
8. [bookmark: _Hlk42700082]Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}

	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 {[0,] 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 {[0,] 8, 16, 32, 64 [, 128]}

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

[bookmark: _Hlk42699933][bookmark: _Hlk42699987]Component 7: Candidate values {[0, 1, 2, 4,] 8, 16, 32, 64}

Component 8: Candidate values FFS

Note: For Component 8, UE must at least report support of one [FFS: which one(s)]

FFS: How CSI-RS is counted when it is configured as CMR without dedicated IMR


Regarding “Note: For Component 8, UE must at least report support of one [FFS: which one(s)]”
· Considering that there is similar complexity for CSI-IM and NZP-IMR, “CSI-RS as CMR with dedicated CSI-IM/NZP-IMR configured” is supported as a mandatory function for component-11.  
Regarding component-8, we have the following updates for clarification. The candidate values of component 8 are one or combination of “SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated CSI-IM/NZP IMR configured, CSI-RS as CMR without dedicated IMR configured”.
Proposal 9: For FG 16-1a-1,
· CSI-RS as CMR with dedicated CSI-IM/NZP-IMR configured is supported as a mandatory function for component-11
· The component 8 is revised in red: 8. Supported SINR measurements: one or combination of {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}

One remaining issue of FG 16-2c for MTRP is whether to support PDCCH simultaneous reception with different QCL-TypeD as highlighted by yellow in the following box. 
	16-2c
	Simultaneous reception with different Type-D
	Supports simultaneous reception with different QCL Type-D RSs. This applies to [PDCCHs]/PDSCHs
	 
	Yes
	N/A
	 
	 
	N/A
	FR2 only
	 
	 
	Optional with capability signalling



Since Rel-16 UE is able to support two PDSCHs with different QCL-TypeD, it is natural to support PDCCHs with different QCL-TypeD as well. Especially in the case when the slot offset between PDCCH and the corresponding PDSCH is less than the threshold, the default TCI of PDSCH follows respective PDCCH for Multi-DCI based MTRP transmission. Because PDSCHs can be received by different QCL-TypeD in such case, UE should be able to receive PDCCHs with different QCL-TypeD. Otherwise, PDCCHs from two TRPs can only be TDMed, and only single TRP transmission is supported in the case when the slot offset between PDCCH and the corresponding PDSCH is less than the threshold. 
Proposal 10: FG16-2c apply to both PDCCHs and PDSCHs.

For full Tx power transmission, there is still some remaining issues for FG 16-5b, 16-5c-2 and 16-5c-3.
	16-5b
	UL full power transmission fullpowerMode1
	1. Supported UL full power transmission fullpowerMode1
2. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]

	2-13, 2-14
	Yes
	N/A
	
	Per FS 
	No
	No
	
	
	Optional with capability signaling

	16-5c
	UL full power transmission fullpowerMode2
	1. The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ for Mode 2: {1, 2, 4}
	2-13, 2-14
	Yes
	N/A
	
	Per FS 
	No
	No
	
	
	Optional with capability signaling

	16-5c-2
	UL full power transmission fullpowerMode2 – SRS resources
	1. [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
2. The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	
	Optional with capability signaling

	16-5c-3
	UL full power transmission fullpowerMode2 – full power TPMI groups 
	1. TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, 4-port non-coherent {G0~G3}, 4-port partial-coherent {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	
	Optional with capability signaling


Regarding 16-5b, the component-2 should be removed (as follows in red) considering that there is few UE implementation of further supporting 2Tx, e.g., one more TPMI for 2Tx case, for 4Tx mode-1 UE.
2.  [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]
Regarding 16-5c-2, we recommend to remove 2_4 from the component 2 as follows (in red), considering the usage is unclear and, in Rel-15, full power transmission for 1-port PUSCH has already been supported. If UE vendor still prefer to indicate the number of SRS configuration with different port(s), we can support to have a new FG about the number of SRS configuration with different SRS ports, and the corresponding candidate value can be {1,2,3}.
2. The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}
Regarding 16-5c-3, after RAN1 email discussion, we recommend the following proposal where the changes are marked in red, in order to guarantee sufficient flexibility of UE capability reporting.
Proposal 11: For FG 16-5b, 16-5c-2, 16-5c-3, adopt the marked changes in red
	16-5b
	UL full power transmission fullpowerMode1
	1. Supported UL full power transmission fullpowerMode1
2. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]

	2-13, 2-14
	Yes
	N/A
	
	Per FS 
	No
	No
	
	
	Optional with capability signaling

	16-5c-2
	UL full power transmission fullpowerMode2 – SRS resources
	1. [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
2. The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	
	Optional with capability signaling

	16-5c-3
	UL full power transmission fullpowerMode2 – full power TPMI groups 
	TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, one 4-port non-coherent group from {G0~G3}, one 4-port partial-coherent group from {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	Note: When a full coherent UE operates in mode 2, the way it reports TPMIs should be the same as a partial-coherent UE
Note: For 4 port partial-coherent or full-coherent UE, UE can report: 2-port {2-bit bitmap} and one 4-port non-coherent group from {G0~G3} and one 4-port partial-coherent group from {G0~G6}
For 4 port non-coherent UE, UE can report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3}
For 2 port UE, UE can report: 2-port {2-bit bitmap}
	Optional with capability signaling




MRDC/CA
One remaining issue of MRDC/CA UE feature is whether to keep FG18-4b as a separate UE feature or delete FG18-4b and make it as a component of FG18-4.
	Features
	Index
	Feature group
	Components

	18. MR-DC/CA enhancement
	[18-4b]
	[Support of SCell dormancy indication without data scheduling within active time]
	[Support of SCell dormancy indication without data scheduling within active time]



From UE implementation point of view, the main difference resides in the HARQ-ACK feedback of the different dormancy indication mechanisms, i.e., one mechanism is to follow the legacy PDSCH feedback and another mechanism is to follow the dedicated HARQ-ACK for dormancy indication PDCCH. However, it seems this implementation difference doesn’t require a separate UE feature. Furthermore, from NR community perspective, this can also promote the development of UE power saving. 
Proposal 12: Delete FG18-4b and make it as a component of FG18-4.
If companies cannot converge on deleting FG 18-4b or keeping FG 18-4b, another way could be to define a default power saving mechanism if UE indicates support of UE power saving mechanism. 
Proposal 13: Define a default dormancy indication mechanism if companies cannot converge on deleting FG 18-4b or keeping FG 18-4b. 
	18. MR-DC/CA enhancement
	18-4
	SCell dormancy indication within active time
	Component#1: Support for SCell dormancy indication sent within the active time on PCell with DCI format 0_1/1_1

Component#2: Support of SCell dormancy indication without data scheduling within active time
	6-5

	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	One dormant BWP and one non-dormant BWP is supported per carrier

More than one non-dormant BWP per carrier is supported only if UE feature 6-3/6-4 is also supported
	Optional with capability signalling

{Component#1,
both components}



IAB
It is still FFS whether FGs(20-2,20-3) should be reported as support for device supports IAB backhaul. From our point of view, these two FGs are some enhancements of Rel-15 UE, and are not necessarily mandatory even for device supporting IAB backhaul. To be more specific, the detail analysis are given below.
· 20-2 Inter-IAB-node discovery and measurements: SSB reception configuration: 
· RAN1 #96 and #96b agreed that the SSBs for IAB inter-node discovery and measurements are defined with a framework using the characteristics of the Rel-15 SMTC framework with some enhancements, including up to 4 configured SMTC windows and up to 4 configured STC per cell per carrier, where zero STC is allowed. This means the Rel-15 SMTC framework can be also used to support inter-IAB SSB discovery and measurement.  
· As a conclusion of SI, CSI-RS based measurement mechanisms in Rel-15 could be reused for Inter-IAB-node discovery and measurements for IAB. 
Based on above, support of IAB dedicated SSB reception configuration is not necessarily mandatory for IAB MT.
· 20-3 Extension of RACH occasions and periodicities for backhaul RACH resources: 
· According to RAN1 #97 agreements, if the IAB specific RACH configuration is not provided, RAN1 assumes that IAB node will use the configured Rel-15 RACH configuration for IAB node initial access. This agreement means the feature 20-3 can be optional.
Proposal 14: Remove ‘[For device supports IAB backhaul, it must report this FG is supported]’ for IAB-MT features 20-2, 20-3. 
NR Mobility
In RAN1#101-e, the following UE features on NR mobility enhancements were agreed. 
	21-1a
	Intra-frequency DAPS HO
	Support of  intra-frequency DAPS-HO 
 
1) Support of simultaneous DL reception of PDCCH and PDSCH from source and target cell in DAPS-HO
2)  Support of PDCCH blind decoding capability in the first MCG and second MCG.
3) Support of cancelling UL transmission to the source cell for intra-frequency DAPS-HO
	DAPS
(Note: RAN2 feature)
	Yes
	N/A
	The network cannot configure UE with DAPS HO 
	Per Band
	No
	N/A
	N/A
	
	Optional with capability signalling

	21-1b
	Inter-frequency DAPS HO
	Support of  inter-frequency DAPS-HO 
 
1) Support of simultaneous DL reception of PDCCH and PDSCH from source and target cell in DAPS-HO
 
2) Support of PDCCH blind decoding capability in the first MCG and second MCG.
	DAPS
(Note: RAN2 feature)
	Yes
	N/A
	The network cannot configure UE with DAPS HO 
	Per BC
	No
	N/A
	N/A
	
	[Optional with capability signalling]


The capability of supporting DAPS handover is separately defined for two cases, i.e. intra-frequency handover and inter-frequency handover. In RAN1#101-e, FG 21-1a for intra-frequency DAPS and FG 21-1b for inter-frequency DAPS handover were discussed. The discussion mainly focused on whether FG 21-1a and FG 21-1b are optional or mandatory and also the prerequisite. It was only agreed that FG 21-1a is optional with capability signaling. In our understanding, since DAPS handover is an optional capability for the UE, the support of inter-frequency should also be optional. 
Proposal 15: FG 21-1b should be optional with capability signaling. 
The consequence if the UE does not support FG 21-1a or FG 21-1b in the agreed UE feature list is the network cannot configure the UE with DAPS handover, which is not correct. Because it is possible that a UE can only supports DAPS handover for one case, e.g. intra-frequency DAPS handover. Therefore, the consequence if FG 21-1a is not supported is the network cannot configure the UE with intra-frequency DAPS handover and the consequence if FG 21-1b is not supported is the network cannot configure the UE with inter-frequency DAPS handover. 
Proposal 16: The consequence if FG 21-1a is not supported should be the network cannot configure the UE with intra-frequency DAPS handover and the consequence if FG 21-1b is not supported should be the network cannot configure the UE with inter-frequency DAPS handover. 
It can be seen that UE feature on mobility enhancement has been almost finalized. The basic feature group should be discussed at this stage according to the consensus in RAN#88-e. In fact, this has been involved in the discussion in RAN1#101-e. It would be better if the UE can support both intra-frequency and inter-frequency DAPS handover as basic feature group. It was argued that this will increase the cost and complexity to the UE and therefore objected by some companies in RAN1#101-e. In practice, the majority of handover scenarios are intra-frequency handover. Therefore, supporting intra-frequency DAPS should have a higher priority considering the commercial value and the UE cost. 
Proposal 15: If a UE supports DAPS handover, at least FG 21-1a should be supported. 
Conclusion
In this contribution, we provide our discussion and analysis on remaining issues of NR Rel-16 UE features with the following proposals.
NRU
Proposal 1: 
· The following table is defined in specification to capture the basic FGs required for a certain NR-U deployment scenario.
	Basic FGs
	Deployment scenarios

	
	A-1 (SCell)
	A-2 (SCell)
	A-2 (SCell)
	C (Standalone),
D (Standalone + SUL)
	C (Standalone),
D (Standalone + SUL)
	B (EN-DC),
E (NR-NR DC)
	B (EN-DC),
E (NR-NR DC)

	
	DL only
	DL+UL
LBE
	DL+UL
FBE
	DL+UL
LBE
	DL+UL
FBE
	DL+UL
LBE
	DL+UL
FBE

	10-1: UL channel access for dynamic channel access mode  
	
	X
	
	X
	
	X
	

	10-1a: UL channel access for semi-static channel access mode
	
	
	X
	
	X
	
	X

	10-2: SSB based RRM for dynamic channel access mode
	X
	X
	
	X
	
	X
	

	10-2a: SSB based RRM for semi-static channel access mode
	X
	X
	X
	
	X
	
	X

	10-2b: MIB reading on unlicensed cell
	
	
	
	X
	X
	X
	X

	10-2c: SSB-based RLM for dynamic channel access mode
	
	
	
	X
	
	X
	

	10-2d: SSB-based RLM for semi-static channel access mode
	
	
	
	
	X
	
	X

	10-2e: SIB1 reception
	
	
	
	X
	X
	
	



URLLC
Proposal 2: A new FG for “TB CRC for cancelled initial PUSCH with CBG based re-transmission” is not introduced.
Proposal 3: Do not confirm the working assumption on support of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i, and keep component 3 of FG 11-3 and component 6 of FG 11-4/4a.
Proposal 4: Component 3 of FG 11-3 should be changed to ‘Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot’.

TEI
Proposal 5: Support to make 14-8 mandatory with capability signalling.

V2X
Proposal 6: Adopt the marked changes to 15-2
	15-2
	Transmitting NR sidelink mode 1 scheduled by NR Uu
	1) UE can transmit PSCCH/PSSCH using dynamic scheduling or configured grant type 1 and 2 in NR sidelink mode 1 scheduled by NR Uu. Up to 8 configured grants can be configured for a UE. Up to C sidelink HARQ processes are supported including those for configured grants
2) UE can transmit PSSCH according to the normal 64QAM MCS OFDM table.
3) UE supports PT-RS transmission in FR2.
4) UE can monitor DCI format 3_0 for NR sidelink dynamic scheduling and configured grant type 2.
6) UE can transmit using the subcarrier spacing and CP length it reports.
8) Supports 14-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {12, 9} for slots w/wo PSFCH. If UE signals support of ECP, support 12-symbol SL slot with all DMRS patterns corresponding to {#PSSCH symbols} = {10,7} for slots w/wo PSFCH.
9) Support downlink pathloss based open loop power control
11) UE can report sidelink HARQ-ACK to gNB via PUCCH and PUSCH when it is operating in NR sidelink mode 1
	
	Yes
	No
	
	Per band

	N.A.
	N.A.
	N.A.
	Note: Random selection in the exceptional pool is supported.

FFS: This is the basic FG for sidelink in licensed spectrum where gNB is operating on or managing that spectrum and optional FG otherwise

Candidate values for C are {8,16}
Note: the UE supports up max(B, C) as the total number of sidelink HARQ processes across both Mode 1 and Mode 2

Component-6 candidate value set in FR1:
{{15 kHz}, {30 kHz}, {60 kHz}, {15, 30 kHz}, {30, 60 kHz}, {15, 60 kHz}, {15, 30, 60 kHz}}
Component-6 candidate value set in FR2:
{{60 kHz}, {120 kHz}, {60, 120 kHz}}
Component-6 candidate value set for CP length: {NCP,NCP and ECP} 
(ECP only applies to SCS of 60 kHz)

Note: For Component 6, if a band is not indicated with only the PC5 interface in 38.101-1 Table 5.2E-1, the reported numerology shall be the same for sidelink and uplink.

FFS: Component (9) is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E-1

Note: Component 11 is not required to be supported in a band indicated with the PC5 interface in 38.101-1 Table 5.2E-1

FFS: whether to mandate an SCS.
	Optional with capability signalling
FFS: For UE supports NR sidelink in licensed spectrum where gNB is defined, UE must indicate this FG is supported.





Proposal 7: Adopt the marked changes to 15-11
	15-11
	PSFCH format 0 
	1) UE can transmit and receive NR PSFCH format 0
2) UE can receive up to N PSFCH(s) resources in a slot.
3) UE can transmit up to M PSFCH(s) resources in a slot
	At least one of '15-1, '15-3
	Yes
	No
	
	Per band
	N.A.
	N.A.
	N.A.
	This is the basic FG for sidelink.

Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E-1

Candidate values for N are {5, 15, 25, 32, 35, 45, 50, 64}

Candidate values for M are {4, 8, 16}
	Optional with capability signalling
For UE supports NR sidelink, UE must indicate this FG is supported.




Proposal 8: Adopt the marked changes to 15-22

	15-22
	Support of fewer than 14 consecutive sidelink symbols in a slot 
	1) UE additionally supports transmission/reception of SL slot configured with 7, 8, 9, 10, 11, 12, 13 consecutive symbols and all the corresponding DMRS patterns

	At least one of '15-1, '15-2, '15-3
	Yes
	No
	UE supports SL only in a SL slot configured with 14 consecutive symbols.
	Per band
	 N.A.
	N/A
	N.A.
	FFS: This is the basic FG for NR sidelink 


	Optional with capability signalling



MIMO
Proposal 9: For FG 16-1a-1,
· CSI-RS as CMR with dedicated CSI-IM/NZP-IMR configured is supported as a mandatory function for component-11
· The component 8 is revised in red: 8. Supported SINR measurements: one or combination of {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}
Proposal 10: FG16-2c apply to both PDCCHs and PDSCHs.
Proposal 11: For FG 16-5b, 16-5c-2, 16-5c-3, adopt the marked changes in red
	16-5b
	UL full power transmission fullpowerMode1
	3. Supported UL full power transmission fullpowerMode1
4. [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]

	2-13, 2-14
	Yes
	N/A
	
	Per FS 
	No
	No
	
	
	Optional with capability signaling

	16-5c-2
	UL full power transmission fullpowerMode2 – SRS resources
	3. [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
4. The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	
	Optional with capability signaling

	16-5c-3
	UL full power transmission fullpowerMode2 – full power TPMI groups 
	TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, one 4-port non-coherent group from {G0~G3}, one 4-port partial-coherent group from {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	Note: When a full coherent UE operates in mode 2, the way it reports TPMIs should be the same as a partial-coherent UE
Note: For 4 port partial-coherent or full-coherent UE, UE can report: 2-port {2-bit bitmap} and one 4-port non-coherent group from {G0~G3} and one 4-port partial-coherent group from {G0~G6}
For 4 port non-coherent UE, UE can report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3}
For 2 port UE, UE can report: 2-port {2-bit bitmap}
	Optional with capability signaling



MRDC/CA
Proposal 12: Delete FG18-4b and make it as a component of FG18-4.
Proposal 13: Define a default dormancy indication mechanism if companies cannot converge on deleting FG 18-4b or keeping FG 18-4b. 
	18. MR-DC/CA enhancement
	18-4
	SCell dormancy indication within active time
	Component#1: Support for SCell dormancy indication sent within the active time on PCell with DCI format 0_1/1_1

Component#2: Support of SCell dormancy indication without data scheduling within active time
	6-5

	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	One dormant BWP and one non-dormant BWP is supported per carrier

More than one non-dormant BWP per carrier is supported only if UE feature 6-3/6-4 is also supported
	Optional with capability signalling

{Component#1,
both components}



IAB
Proposal 14: Remove ‘[For device supports IAB backhaul, it must report this FG is supported]’ for IAB-MT features 20-2, 20-3. 

NR Mobility
Proposal 15: FG 21-1b should be optional with capability signaling. 
[bookmark: _GoBack]Proposal 16: The consequence if FG 21-1a is not supported should be the network cannot configure the UE with intra-frequency DAPS handover and the consequence if FG 21-1b is not supported should be the network cannot configure the UE with inter-frequency DAPS handover. 
Proposal 17: If a UE supports DAPS handover, at least FG 21-1a should be supported. 

Reference
R1-2006462, Updated_Rel16_RAN1_UE features NR, RAN1#101e.
3GPP RAN1#102-e, R1-2005416 Remaining issues on scheduling/HARQ enhancements for NR URLLC, ZTE.
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