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Introduction
In Rel-17 IIoT / URLLC, RAN2 has worked on the following features:
· Enhancements for support of time synchronization
· Uplink enhancements for URLLC in unlicensed controlled environments
· RAN enhancements based on new QoS
In this contribution, we discuss UE capabilities for above features.
Discussion
Enhancements for support of time synchronization
RAN1 has agreed the following propagation delay compensation related FGs in R1-2112135 [1]:

· FG 25-19: Propagation delay compensation based on CSI-RS for tracking and SRS
· FG 25-19a: Propagation delay compensation based on DL PRS and SRS
· FG 25-20: Propagation delay compensation based on legacy TA procedure
	25. NR_IIOT_URLLC_enh
	25-19
	RTT-based Propagation delay compensation based on CSI-RS for tracking and SRS
	Support RTT-based Propagation delay compensation for time synchronization of the Uu interface based on CSI-RS for tracking and SRS
FFS whether to merge FG 25-19 and FG 25-19a
	2-51, 2-53
	Yes
	N/A
	
	FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-19a
	RTT-based Propagation delay compensation based on DL PRS and SRS 
	Support RTT-based Propagation delay compensation for time synchronization of the Uu interface based on DL PRS and SRS
FFS whether to merge FG 25-19 and FG 25-19a
	25-19, 13-1, 2-53
	Yes
	N/A
	
	FS
	N/A
	N/A
	N/A
	Note: FG 13-1 is now only reported to LMF. If UE reports the support of this FG, it needs to report FG 13-1 to gNB also. 
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-20
	Propagation delay compensation based on legacy TA procedure  
	Support propagation delay compensation based on legacy TA procedure  
	
	Yes
	N/A
	
	Per UE
	no
	no
	N/A
	
	Optional with capability signaling


Note that any contents highlighted in yellow mean FFS and to be discussed further.

From RAN2’s perspective, the UE capability discussion is mainly related to UE side PDC vs. network side PDC, which was discussed in RAN2#116-e meeting in email discussion “[AT116-e][502][IIOT] Time Synchronization” [3], without conclusion. It is proposed that discussion for RAN2 UE capabilities for propagation delay compensation can wait for the conclusion regarding UE side PDC vs. network side PDC.
[bookmark: Proposal_time_sync]Proposal 1: Discussion for RAN2 UE capabilities for propagation delay compensation can wait for the conclusion regarding UE side PDC vs. network side PDC.
Uplink enhancements for URLLC in unlicensed controlled environments
The main RAN2 feature in UCE is that LCH based prioritization and cg-RetransmissionTimer can be configured together. Similar to capability lch-priorityBasedPrioritization-r16, the new capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
[bookmark: Proposal_Joint]Proposal 2: An optional UE capability signalling is introduced for simultaneous configuration of LCH based prioritization (capability lch-priorityBasedPrioritization-r16) and cg-RetransmissionTimer. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF. 
RAN2 further agreed that “When lch-basedPrioritization and cg-RetransmissionTimer are both configured, the gNB can configure the UE per MAC entity whether it follows Rel-16 baseline or whether it prioritizes high priority data when selecting HARQ PID for a CG (i.e. option 2 is configurable)”. The behavior is captured in MAC running CR R2-2200024 as below:
[bookmark: _Hlk23499210]For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. If the MAC entity is configured with intraCG-Prioritization, for HARQ Process ID selection, the UE shall prioritize the HARQ Process ID with the highest priority, where the priority of HARQ process is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2.
It is proposed to introduce capability intraCG-Prioritization to indicate whether UE supports the HARQ process ID selection based on LCH priority. Similar to capability lch-priorityBasedPrioritization-r16, the new capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
[bookmark: Proposal_intraCG]Proposal 3: An optional UE capability signalling (intraCG-Prioritization-r17) is introduced to indicate whether UE supports the HARQ process ID selection based on LCH priority. A UE supporting this feature shall also support simultaneous configuration of LCH based prioritization and cg-RetransmissionTimer. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
	RAN enhancements based on new QoS
RAN2 introduced the support for survival time. In email discussion “[Post116-e][513][IIoT] QoS Survival Time” [2], all companies agree to introduce a new UE capability for support of Survival Time. 
Survival time support is based on activating additional CG resource for PDCP duplication to improve the reliability once entering survival time state. Therefore, a UE supporting survival time feature shall also support PDCP duplication and configured grant. For PDCP duplication of DRB, following UE capabilities are defined in TS 38.306:
	pdcp-DuplicationMCG-OrSCG-DRB
Indicates whether the UE supports CA-based PDCP duplication over MCG or SCG DRB as specified in TS 38.323 [16].
	UE
	No
	No

	pdcp-DuplicationMoreThanTwoRLC-r16
Defines whether the UE supports PDCP duplication with more than two RLC entities as specified in TS 38.323 [16]. The UE supporting this feature supports secondary RLC entity(ies) activation and deactivation based on duplication RLC Activation/Deactivation MAC CE as specified in TS 38.321 [8]. A UE supporting this feature shall also support pdcp-DuplicationMCG-OrSCG-DRB, pdcp-DuplicationSplitDRB, pdcp-DuplicationSplitSRB and pdcp-DuplicationSRB.
	UE
	No
	No

	pdcp-DuplicationSplitDRB
Indicates whether the UE supports PDCP duplication over split DRB as specified in TS 38.323 [16].
	UE
	No
	No



Considering the very tight delay budget (as low as 0.5 ms end-to-end delay) for services requiring survival time support, it is proposed that survival time support requires the support of CA duplication (capability pdcp-DuplicationMCG-OrSCG-DRB).
The discussion on survival time and CG is focused on CG type-1, with the additional CG resource for PDCP duplication implicitly activated when entering survival time. Therefore survival time support requires the support of CG type-1 (capability configuredUL-GrantType1 or configuredUL-GrantType1-v1650). Similar to capability configuredUL-GrantType1-r16, the new capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
[bookmark: Proposal_survival_time]Proposal 4: An optional UE capability signalling for survival time is introduced. A UE supporting survival time feature shall also support CA PDCP duplication (capability pdcp-DuplicationMCG-OrSCG-DRB) and configured grant type-1 (capability configuredUL-GrantType1 or configuredUL-GrantType1-v1650). The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Conclusion
In this contribution, we discuss RAN2 Rel-17 IIoT / URLLC UE capabilities, and proposed the following:
Proposal 1: Discussion for RAN2 UE capabilities for propagation delay compensation can wait for the conclusion regarding UE side PDC vs. network side PDC.
Proposal 2: An optional UE capability signalling is introduced for simultaneous configuration of LCH based prioritization (capability lch-priorityBasedPrioritization-r16) and cg-RetransmissionTimer. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Proposal 3: An optional UE capability signalling (intraCG-Prioritization) is introduced to indicate whether UE supports the HARQ process ID selection based on LCH priority. A UE supporting this feature shall also support simultaneous configuration of LCH based prioritization and cg-RetransmissionTimer. The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
Proposal 4: An optional UE capability signalling for survival time is introduced. A UE supporting survival time feature shall also support CA PDCP duplication (capability pdcp-DuplicationMCG-OrSCG-DRB) and configured grant type-1 (capability configuredUL-GrantType1 or configuredUL-GrantType1-v1650). The capability is per UE, not FDD-TDD DIFF, not FR1-FR2 DIFF.
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