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In RAN1#110, the RAN1 UE features list for Rel-17 NR was updated in [1]. In this contribution, our views are provided for UE features for eIIoT & URLLC, RedCap, coverage enhancement and MBS.
Discussion 
UE features for eIIoT & URLLC
The analysis of UE features for enhanced IIoT and URLLC is based on [2].
[bookmark: _Toc63425227]Intra-UE Multiplexing/Prioritization
FG 11-4 is for a UE supporting two HARQ-ACK codebooks / PUCCH config, so it is needed as a prerequisite for FG 25-16.
Proposal 1: FG 11-4 is added as a prerequisite for FG 25-16.

Propagation delay compensation enhancements
In RAN1#110, there was discussion on whether to introduce a component of maximum DL PRS bandwidth for PDC for FG 25-19a. The proponents believed there may be incorrect performance prediction when PDC and positioning share the same PRS. The reason is that the PRS is configured by the LMF and the gNB does not know the exact bandwidth for PRS received by the UE. In positioning, PRS configuration is delivered by LMF. Actually, the PRS configuration is still configured by the gNB. The LMF just gathers all the PRS configuration from multiple gNBs and transmits the configurations to the UE. It means that the gNB can be aware of the receiving bandwidth at UE side. In addition, it was agreed that only the serving cell transmits the PRS and the UE is not expected to measure DL PRS outside the active BWP. In this case, the network just follow the maximum bandwidth reported for the serving cell. Therefore, the report of maximum DL PRS bandwidth is not needed for PDC. 
Proposal 2: Maximum DL PRS bandwidth in MHz should not be supported and reported by UE.

It was agreed that PRS can be the spatial relation RS for SRS for PDC. Supporting PDC-PRS for UE-side RTT measurement does not mean the UE should support PDC-PRS as spatial relation RS for PDC-SRS. So using PDC-PRS as spatial relation source of SRS should be identified as a UE capability. It can be added as a component for FG 25-19a 
Proposal 3: Spatial relation for SRS for PDC based on PRS for PDC from the serving cell can be considered as a component of FG 25-19a. 
UE features for RedCap
According to the WID [3] and agreement, UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs. However, it seems that whether to support the UE capabilities exceeding 1Tx/2Rx capability was controversial in the discussion of UE feature agenda. 
Given the Rel-17 RedCap WID description, the maximum UL peak data rate for wearables is 50Mbps. Obviously, support of more than 1Tx is not necessary, since the peak data rate can be up to 90Mbps for 64QAM and 1 layer with SCS=15KHz according to the calculation. More Tx antennas bring more complexity and cost, which is not aligned with the motivation of the WI. Moreover, for 1Rx RedCap UE, supporting more than 1 UL port seems to be impossible due to the physical circuit. 
Additionally, according to the RAN4 discussion [4] as following, actually 2Tx is excluded:
	Issue 1-1: Power class and TX architecture in FR1
· Proposals: 
·  Option 1: Agree below agreement from RAN4#101-bis-e 
Issue 1-1-1: 1 PC3 UL TX architecture assumption 
· WF
· For TX architecture of 23 dBm PA  
Issue 1-1-2: PC2 UL TX architecture assumption
· WF
· 1 TX of 26 dBm PA in Rel-17 and 2 TX architecture is excluded in Rel-17 
Issue 1-1-3: PC2 support for HD-FDD mode
· WF
· PC2 support based on operator request 
· Recommended WF
· Option 1
Discussion: 
Agreement: agree on Option 1.


Some discussion details can be found in [5], as shown in the following:
	WF: 
	Issue 1-1-1
	Agreements:1 TX architecture of 23 dBm PA  
Candidate options:
Recommendations for 2nd round:
No need to discuss in 2nd round.

	Issue 1-1-2
	Tentative agreements: 
1 TX of 26 dBm PA in Rel-17 and 2 TX architecture is excluded in Rel-17 
Candidate options:
Recommendations for 2nd round:
Discuss the tentative agreement.

	Issue 1-1-3
	Agreements: 
Based on operator support. (Previous WF)
Candidate options:
Recommendations for 2nd round:
No need to discuss in 2nd round.





The common understanding in RAN4 is that 1 TX architecture of 23 dBm PA is supported and 2 TX architecture of 23 dBm PA is not supported, even though the description may be missed in the agreement of RAN4#102-e. Based on above, the FGs exceeding 1 Rx UE capability should not be supported, e.g., FG 2-13, 2-14, 2-16b . Therefore, we have the following proposal:
Proposal 4: For RedCap UE, UE capabilities exceeding 1Tx capability are not supported.

For those Rel-17 features, we also need to determine whether RedCap UE can support or not. At least eIAB and NR DC/CA further enhancements should not be supported according to the Rel-17 RedCap WID and agreement.  Regarding above-52GHz, from our perspective, it is premature to support this feature, since some of the FGs actually exceeds the RedCap UE capability, e.g., SCS for DL control channel. For Rel-17 feMIMO, at least the FGs exceeding RedCap UE capability should be excluded, e.g., 23-1-1c, 23-1-1e, 23-1-1f, 23-1-1g, 23-8-3, 23-8-9, 23-9-3.  
Proposal 5: For RedCap UE, whether to support Rel-17 features also needs to be determined.  
· The Rel-17 features for eIAB and NR DC/CA further enhancements should be excluded.
· The Rel-17 features for above-52GHz and feMIMO are not supported.

UE features for coverage enhancement
For UE features for coverage enhancement WI, the main remaining issue is about reporting type for FGs related to DMRS bundling, i.e., FGs 30-4a~h. This depends on whether/how to support DMRS bundling for CA/DC/SUL. As discussed in our companion contribution [6], we don’t see any RAN1 impact for support of DMRS bundling for CA/DC/SUL, and the following proposal is suggested for related FGs. 

Proposal 6: For DMRS bundling related FGs, adopt the following changes.   
· Add the following note for UE FG 30-4a, 4b, 4c, and 4d (the four back-to-back cases):
	Note: This capability is applicable in the following multi-carrier scenarios:
·   FR1+FR2 CA/DC with one band on FR1 and another band on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
· FR1 inter-band DL CA with a ‘single’ uplink band configured
· DL CA with ‘additional’ UL carrier configured with SRS only
· SUL, where UE does not expect concurrent uplink transmissions on two carriers in case of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS on the other UL carrier in the same cell
· FR1+FR1 inter-band CA involving two or more FR1 bands, where UE does not expect concurrent uplink transmissions on two carriers
· Only configuration of a single TAG is supported.


· Add the following note for FG 30-4h (non-back-to-back case):
	Note: This capability is only applicable when UE is configured with single uplink carrier.



With support of DMRS bundling for multi-carrier operation, we think per band and band combination reporting as discussed in RAN1#109-e and RAN1#110 is a good compromise. 
Proposal 7: Reporting type of FGs 30-4a/b/c/d/g/h is per band and per BC.

For FG 30-4e and 30-4f, we think per UE reporting is sufficient similar as Rel-15 FG 5-10 for inter-slot hopping for PUSCH. 
Proposal 8: Reporting type of FGs 30-4e/f is per UE.
UE features for MBS
In RAN1#110 meeting, MBS UE feature discussion has reached a good progress. However, there are still lots of remaining issues especially on the report type for MBS UE features.

	[bookmark: _Hlk115083386]33. NR_MBS
	33-3-3
	Intra-slot TDM-ed unicast PDSCH and group-common PDSCH
	1. Support TDM between one unicast PDSCH and one group-common PDSCH in a slot. 
2. Support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH in a slot per CC
3. Support TDM among N (N>1) group-common PDSCHs in a slot per CC
4. Support TDM between K (K>1) TDMed unicast PDSCHs and L (L>1) TDMed group-common PDSCHs in a slot per CC
5. The UE maximum number of TDMed PDSCH receptions capability in a slot per CC is kept as for Rel-15/Rel-16, i.e., {2/4/7} based on UE FG5-11/5-11a/5-11b.
0. Note:  Group-common PDSCH(s) are counted as unicast PDSCH(s).
	33-1 or 33-2
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-3-3a
	FDM-ed Type-1 and Type-2 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast
	Support of FDM-ed Type-1 and Type-2 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast
FFS value of X G-RNTIs

	[TBD]
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-3-3b
	Mode 2 TDM-ed Type-1 and Type-2 HARQ-ACK codebook for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast
	Support of Mode 2 TDM-ed Type-1 and Type-2 HARQ-ACK codebook for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast
FFS value of X G-RNTIs

	[TBD]
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-3-4
	Mode 1 for type1 codebook generation
	Supports type1-Codebook-Generation-Mode configured as mode 1
	33-3-3b
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-3-5
	Feedback multiplexing for unicast PDSCH and group-common PDSCH for multicast with same priority and different codebook type
	Support of multiplexing HARQ-ACK for unicast and multicast with the same priority and different HARQ-ACK codebook types in the same PUCCH slot
	[33-2b]
	Yes
	
	
	[Per FSPC]
	[No]
	[No]




	33. NR_MBS
	33-4-1
	DCI-based enabling/disabling NACK-only based feedback for dynamic scheduling for multicast
	Support of DCI-based enabling/disabling NACK-only based HARQ-ACK feedback configured per G-RNTI by RRC signalling
	[33-4]
	Yes
	
	
	Per band
	N/A
	N/A




	33. NR_MBS
	33-5-1d
	PTP retransmission for SPS group-common PDSCH for multicast
	Support of PTP retransmission for SPS multicast [on the cell same as multicast initial transmission]

	33-5-1a
	Yes
	
	
	Per BC
	N/A
	N/A

	33. NR_MBS
	33-5-1e
	Dynamic Slot-level repetition for SPS group-common PDSCH for multicast
	Support up to X times dynamic slot-level repetition for SPS group-common PDSCH for multicast.
	33-5-1
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-5-1f
	NACK-only based HARQ-ACK feedback for multicast RRC-based enabling/disabling NACK-only based feedback for SPS group-common PDSCH for multicast
	1) Support NACK-only based HARQ-ACK feedback, and support of enabling/disabling NACK-only based HARQ-ACK feedback configured by RRC signalling for SPS group-common PDSCH without PDCCH scheduling
2) Support of PTM retransmission associated with G-CS-RNTI for SPS multicast
	33-5-1
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-5-1g
	DCI-based enabling/disabling NACK-only based feedback for SPS group-common PDSCH for multicast
	Support of DCI-based enabling/disabling NACK-only based HARQ-ACK feedback configured per G-CS-RNTI for multicast by RRC signaling
	33-5-1f
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-5-1h
	Multiple G-CS-RNTIs for SPS group-common PDSCHs
	Max number of G-CS-RNTIs for SPS multicast 
	33-5-1
	Yes
	
	
	Per UE
	[Yes]
	Yes

	33. NR_MBS
	33-5-1i
	Multicast SPS scheduling with DCI format 4_2
	Support of DCI format 4_2 with CRC scrambled with G-CS-RNTI for multicast SPS scheduling
FFS whether to include retransmission scheduled by DCI format 4_2 with CRC scrambled with G-CS-RNTI
	[33-5-1]
	Yes
	
	
	FFS
	FFS
	FFS

	 33. NR_MBS
	33-5-2
	Multiple SPS group-common PDSCH configuration
	1. Support up to 8 SPS group-common PDSCH configuration per CFR for multicast
2. Support M>=1 activated SPS group-common PDSCH configurations per CFR for multicast
3. The total number of SPS configurations for both multicast and unicast is no larger than 8 [per cell], and activated SPS group-common PDSCH configurations is no larger than M.
	33-2
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-6-1
	DL priority indication for multicast in DCI
	1. Support of priority indicator field configured in DCI formats 4_2 with CRC scrambled with G-RNTI for multicast.
2. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed different priorities for multicast and multicast at a UE
	33-2
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-6-1a
	DL priority configuration for SPS multicast
	Support of priority configured for multicast HARQ-ACK feedback of SPS multicast
	33-6-1
	Yes
	
	
	FFS
	FFS
	FFS

	33. NR_MBS
	33-6-2
	Two HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities for unicast and multicast at a UE
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed different priorities for unicast and multicast at a UE.
	33-6-1
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-6-3
	More than one PUCCH for HARQ-ACK transmission for multicast or for unicast and multicast within a slot
	1. Supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast or for unicast and multicast with different priorities in a slot.
	33-6-1, 33-6-2
	Yes
	
	
	[Per UE]
	[No]
	[No]

	33. NR_MBS
	33-8-1
	PUCCH resource configuration for multicast feedback for dynamically scheduled multicast
	Support of a PUCCH-Config for multicast HARQ-ACK feedback, separate from that of unicast configurations
	33-2a
	Yes
	
	
	[Per band or per FSPC]
	[No]
	[No]

	33. NR_MBS
	33-9
	Supporting unicast PDCCH to release SPS group-common PDSCH
	Supports unicast PDCCH scrambled with CS-RNTI to release SPS group-common PDSCH
	[33-5-1]
	Yes
	
	
	[Per UE]
	[No]
	[No]



For all the MBS UE features with FFS for the report type, the following report type can be considered as a middle ground between companies.
· Reporting type is per UE with [FDD/TDD,] FR1/FR2, licensed/unlicensed, and TN/NTN differentiation, detail signalling is up to RAN2
Proposal 9: Regarding the report type for MBS FG 33-3-3, 33-3-3a, 33-3-3b, 33-3-4, 33-3-5, 33-5-1e, 33-5-1f, 33-5-1g, 33-5-1i, 33-5-2, 33-6-1, 33-6-1a, 33-6-2, 33-6-3, 33-8-1 and 33-9, consider the following as baseline.
· Reporting type is per UE with [FDD/TDD,] FR1/FR2, licensed/unlicensed, and TN/NTN differentiation, detail signalling is up to RAN2

The second issue is about whether to delete “FFS value of X G-RNTIs” for FG 33-3-3a and 33-3-3b. This issue has been discussed for several meetings without outcome. From our perspective, our view is we have already introduced an FG to indicate the number of G-RNTIs for each UE. It can already provide sufficient UE implementation flexibility. Thus, we propose to remove this part.
Proposal 10: Remove “FFS value of X G-RNTIs” from FG 33-3-3a and 33-3-3b.

The third issue is whether to remove the brackets for “[on the cell same as multicast initial transmission]” for 33-5-1d. It is straightforward that the PTP retransmission for SPS multicast is on the cell same as multicast initial transmission unless RAN2 has agreed to introduce this late enhancement. 
Proposal 11: Remove the brackets of “[on the cell same as multicast initial transmission]” for 33-5-1d.

The fourth issue is whether to include retransmission scheduled by DCI format 4_2 with CRC scrambled with G-CS-RNTI in 33-5-1i. From our perspective, from UE implementation perspective, retransmission scheduled by DCI format 4_2 with CRC scrambled with G-CS-RNTI in 33-5-1i is the same as DCI format 4_2 with CRC scrambled with G-CS-RNTI for multicast SPS scheduling. Thus, it is straightforward to include retransmission scheduled by DCI format 4_2 with CRC scrambled with G-CS-RNTI in 33-5-1i.
Proposal 12: Add one component in 33-5-1i: Support retransmission scheduled by DCI format 4_2 with CRC scrambled with G-CS-RNTI.

Conclusion
Based on the discussion, we have the following proposals. 
UE features for eIIoT & URLLC
Proposal 1: FG 11-4 is added as a prerequisite for FG 25-16.
Proposal 2: Maximum DL PRS bandwidth in MHz should not be supported and reported by UE.
Proposal 3: Spatial relation for SRS for PDC based on PRS for PDC from the serving cell can be considered as a component of FG 25-19a. 

UE features for RedCap
Proposal 4: For RedCap UE, UE capabilities exceeding 1Tx capability are not supported.
Proposal 5: For RedCap UE, whether to support Rel-17 features also needs to be determined.  
· The Rel-17 features for eIAB and NR DC/CA further enhancements should be excluded.
· The Rel-17 features for above-52GHz and feMIMO are not supported.

UE features for coverage enhancement
Proposal 6: For DMRS bundling related FGs, adopt the following changes.   
· Add the following note for UE FG 30-4a, 4b, 4c, and 4d (the four back-to-back cases):
	Note: This capability is applicable in the following multi-carrier scenarios:
·   FR1+FR2 CA/DC with one band on FR1 and another band on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
· FR1 inter-band DL CA with a ‘single’ uplink band configured
· DL CA with ‘additional’ UL carrier configured with SRS only
· SUL, where UE does not expect concurrent uplink transmissions on two carriers in case of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS on the other UL carrier in the same cell
· FR1+FR1 inter-band CA involving two or more FR1 bands, where UE does not expect concurrent uplink transmissions on two carriers
· Only configuration of a single TAG is supported.


· Add the following note for FG 30-4h (non-back-to-back case):
	Note: This capability is only applicable when UE is configured with single uplink carrier.



Proposal 7: Reporting type of FGs 30-4a/b/c/d/g/h is per band and per BC.
Proposal 8: Reporting type of FGs 30-4e/f is per UE.

UE features for MBS
Proposal 9: Regarding the report type for MBS FG 33-3-3, 33-3-3a, 33-3-3b, 33-3-4, 33-3-5, 33-5-1e, 33-5-1f, 33-5-1g, 33-5-1i, 33-5-2, 33-6-1, 33-6-1a, 33-6-2, 33-6-3, 33-8-1 and 33-9, consider the following as baseline.
· Reporting type is per UE with [FDD/TDD,] FR1/FR2, licensed/unlicensed, and TN/NTN differentiation, detail signalling is up to RAN2
Proposal 10: Remove “FFS value of X G-RNTIs” from FG 33-3-3a and 33-3-3b.
Proposal 11: Remove the brackets of “[on the cell same as multicast initial transmission]” for 33-5-1d.
Proposal 12: Add one component in 33-5-1i: Support retransmission scheduled by DCI format 4_2 with CRC scrambled with G-CS-RNTI.
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