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Introduction
In this contribution, the remaining issues of Rel-17 UE Features for IIoT/URLLC are discussed [1][2] For each enhancement aspect, the candidate UE features are proposed in each section below.
[bookmark: _Ref178064866]Discussion
The remaining open issues from the FL summary [3] are discussed in the following sections.
UE Feedback Enhancements for HARQ-ACK
Type of FG 25-1 to FG 25-10
A question was raised whether to consider FSPC as the Type for these features. From our perspective, the corresponding functionality of the features under FG 25-1 to FG 25-10 are not affected when testing for different bands. Therefore, it is not clear that band differentiation would impact the feature and the corresponding testing. Therefore, we suggest to indicate “Per UE” as the Type, and not accept other proposed alternatives such as FSPC. This suggestion is also in line with RAN2 recommendation, that FSPC indication should be avoided as much as possible (R2-2002378)
[bookmark: _Toc95739392]Adopt “Per UE” type for FG 25-1 to FG 25-10.

FG 25-9 and FG 25-10 and numerology
	25-9
	Semi-static PUCCH cell switching
	Semi-static PUCCH cell switching using configured time-domain domain pattern of applicable PUCCH cell / carrier
FFS whether to separate the capability for different numerologies

	25-10
	PUCCH cell switching based on dynamic indication
	PUCCH cell switching based on dynamic indication in the DCI scheduling the PUCCH
FFS whether to separate the capability for different numerologies



It has been discussed last meeting whether each of these features should be split into two capabilities, or a note can be added to FG 25-9/10 without splitting. Specifically, proposals 6-1a and 6-1a’ below were suggested at RAN#107bis. 
High priority compromised proposal 6-1a:
· FGs 25-9 and 25-10 are not split into multiple FGs
· Add a note in FG 25-9/10 that if UE supporting FG 25-9/10 also supports both FGs 6-9 and 6-9a, the UE support the case of different numerologies between switchable carriers

High priority alternative proposal 6-1a’:
· FGs 25-9 and 25-10 are split into ones for the capability for same length of overlapping PUCCH slots and the others for different length of overlapping PUCCH slots between switchable carriers

From our point of view, it is not desirable to split FG 25-9 and 25-10 into multiple FGs. During the discussion of PUCCH cell switching, the possibility of having different numerologies has been a central assumption in design. Hence, the corresponding agreements were inclusive with respect to numerologies being the same or different, and there is no agreement to differentiate the behaviour for the same or different numerologies. For example, the following agreements refer to the numerology of one given cell (target PUCCH cell, or reference cell), but there is no issue of same or different numerology, same or different length overlapping PUCCH slots.
	Agreement (RAN1#105e): 
For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.
Agreement (RAN1#106bis-e)
For semi-static PUCCH cell switching, PCell / PSCell / PUCCH-SCell is reference cell:
· The time domain pattern configurations are based on the numerology of the reference cell. 
· The PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology and PUCCH configuration of a reference cell to be able to apply the time-domain PUCCH cell switching pattern. 
· Note: There may not be a need to define a ‘reference cell’ in the specification. This terminology is used for further clarifications of the procedure. 



Moreover, as the following agreements show that the agreed framework for PUCCH cell switching (dynamic or semi-static) ensures that in a PUCCH group, the PUCCH resources would be allocated to a same cell at a given time, being either on PCell /PSCell / PUCCH SCell or on PUCCH sScell (the alternative PUCCH cell) even when dynamic PUCCH cell switching, or semi-static PUCCH cell switching is enabled. 

	Semi-static PUCCH cell-switching
Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI. 
Agreement
For PUCCH cell switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e., multiple target PUCCH cell slots overlapping with a single PCell slot), adopt Alt 1, i.e., the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.
Agreement
For PUCCH cell switching based on semi-static operation, adopt Alt. 4, i.e., the UE does not expect a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.


	Dynamic PUCCH cell-switching
Agreement:
UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot.

Conclusion: 
For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH PUCCH cell.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell.



Additionally, the PUCCH resource configurations are per cell, i.e. per PCell/PsCell, PUCCH SCell and per PUCCH sSCell (the alternative PUCCH cell). If the argument is that the transmission of a PUCCH resource in a PUCCH group on two different cells with different SCS adds additional complexity, it is not clear for us how this scenario is different from other UL transmissions, e.g. PUSCH on cells within a PUCCH group with different numerologies.
Therefore, we are not convinced that different SCS for operation of PUCCH cell switching motivates partitioning of the FG.

As a compromise, we can accept adding a note about operating in CA with cells of different numerologies, e.g., Proposal 6-1a in RAN1#107bis. FGs 6-9 and 6-9a (see Appendix) provide the basic operation of different numerologies across NR carriers within a same PUCCH group. Thus a UE capable of FG 6-9 and 6-9a may further support FGs 25-9 and/or 25-10, which indicate that the UE support PUCCH carrier switching between carriers of different numerologies.

[bookmark: _Toc95739393](Proposal 6-1a in RAN1#107bis) FGs 25-9 and 25-10 are not split into multiple FGs. Add a note in FG 25-9/10 that if UE supporting FG 25-9/10 also supports both FGs 6-9 and 6-9a, the UE support the case of different numerologies between switchable carriers.

CSI Feedback Enhancements
For FG 25-11 in the preliminary list [1], no prerequisite FG is stated. However, the 4-bit subband CQI reporting should be an enhancement of basic CSI feedback. Hence FG 2-32 “Basic CSI feedback” should be added as a prerequisite as shown below.
Additionally, the 4-bit subband CQI should be confirmed as a “per UE” capability.
Table 1: Proposed FG for enhanced CSI feedback.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	25. NR_IIOT_URLLC_enh
	25-11
	4-bits subband CQI
	Subband CQI reporting with 4 bits per subband
	2-32



[bookmark: _Toc95739394]Add FG 2-32 “Basic CSI feedback” as a prerequisite for FG 25-11 “4-bits subband CQI”.
[bookmark: _Toc95739395]Confirm FG 25-11 “4-bits subband CQI” as a “Per UE” capability.

Enhancements for Unlicensed Band URLLC/IIoT
The remain issue with respect to UE features for operation on shared spectrum was whether to update the component description of FG 25-12 as the following:

[bookmark: _Ref86883564]Table 2: FG 25-12 with proposed updates for component description 
	25-12
	UE initiating a semi-static channel occupancy with configurations dependent on gNB semi-static channel access configurations
	1. Support initiating a semi-static channel access occupancy by the UE where the corresponding period is the same as, integer multiple of, or inter-factor of the period configured for a semi-static channel occupancy that can be initiated by gNB.
2. Sensing to initiate a semi-static CO or transmit after a gap greater than 16us from any transmission burst within a UE-initiated CO.
3. Determination of COT initiator assumption based on rules for configured UL.
4. Validating COT initiator assumption indicated in UL scheduling DCI.




From our perspective, the proposed additions are important to be included and tested to ensure proper intra-operability. 
[bookmark: _Toc95739396]Adopt the proposed changes in red in Table 2 for FG 25-12.
Intra-UE Multiplexing/Prioritization
Prioritization of overlapping DG-PUSCH and CG-PUSCH
In RAN1#107e and #107bis-e UE feature discussion, progress was made for 25-14 and 25-15:
Agreement
· FG 25-14 is kept as “PHY prioritization of overlapping low-priority DG-PUSCH and high-priority CG-PUSCH” as follows
	25. NR_IIOT_URLLC_enh
	[25-14]
	PHY prioritization of overlapping low-priority DG-PUSCH and high-priority CG-PUSCH
	Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH
	12-1
	Yes
	N/A

	
	Per band

	N/A

	N/A

	N/A
	
	Optional with capability signaling



Note that any contents highlighted in yellow mean FFS and to be discussed further.
 Agreement
· FG 25-15 is kept as “PHY prioritization of overlapping high-priority DG-PUSCH and low-priority CG-PUSCH” (i.e. delete square brackets in FG 25-15) as follows
	25. NR_IIOT_
URLLC_enh
	[25-15]
	PHY prioritization of overlapping high-priority DG-PUSCH and low-priority CG-PUSCH
	1. Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell
2. Additional number of symbols (d3) needed on top of Rel-16 cancellation time (which results N2+d1+d3 in total cancellation time).
FFS whether to merge with FG 25-14

	12-1
	Yes
	N/A

	
	Per band

	N/A

	N/A

	N/A
	FFS: Candidate value set for component 2: d3 = {0, } symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.
	Optional with capability signaling




Agreement
· FGs 25-14 and 25-15 are not merged

Additionally, in RAN1#107e and #107bis-e AI 8.3, the following agreements were made:
	Agreement (RAN1#107e)
For collision of LP DG-PUSCH and HP CG-PUSCH of different priorities, the cancellation is applied per actual repetition, if LP DG-PUSCH and/or HP CG-PUSCH is repeated.

Agreement  (RAN1#107e)
For collision of HP DG-PUSCH and LP CG-PUSCH, the cancellation is applied per actual repetition, if HP DG-PUSCH and/or LP CG-PUSCH is repeated.

Agreement (RAN1#107bis-e)
The following working assumption is confirmed
For the overlapping between LP CG and HP DG, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. 
· On top of Rel-16 cancellation time (N2+d1) for PUCCH/PUCCH or PUCCH/PUSCH collision, additional time d3 is needed (which results N2+d1+d3 in total cancellation time) for LP CG-PUSCH and HP DG-PUSCH collision resolution.
· d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.





As shown in the agreements of AI 8.3, the UE is expected to apply cancellation per actual repetition, if (LP/HP) DG-PUSCH and/or (HP/LP) CG-PUSCH is repeated. Thus it’s necessary to add the support of PUSCH with repetition in 25-14 and 25-15. 
A minor editorial change is, “FFS” can be removed for Note of d3 candidate value set, since RAN1#107bis confirmed the Working Assumption on d3 candidate value set.
[bookmark: _Toc95739397]Add support of PUSCH with repetition in the components for FG 25-14 and 25-15.
[bookmark: _Toc95739398]For FG 25-15, remove “FFS” from Note on d3 candidate value set, i.e., candidate value set for component 2 d3 is confirmed.

In summary, 25-14 and 25-15 are to be updated as follows.
	25-14
	PHY prioritization of overlapping low-priority DG-PUSCH and high-priority CG-PUSCH
	1. Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH
2. Support cancellation per actual repetition if LP DG-PUSCH and/or HP CG-PUSCH is repeated




	25-15
	PHY prioritization of overlapping high-priority DG-PUSCH and low-priority CG-PUSCH
	1. Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell
2. Additional number of symbols (d3) needed on top of Rel-16 cancellation time (which results N2+d1+d3 in total cancellation time).
3. Support cancellation per actual repetition if LP DG-PUSCH and/or HP CG-PUSCH is repeated

	12-1
	Yes
	N/A

	
	Per band

	N/A

	N/A

	N/A
	FFS: Candidate value set for component 2: d3 = {0, } symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.



Simultaneous PUCCH and PUSCH transmission
In RAN1#107e AI 8.3, the following conclusions were made:
	Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmission of same priority over different cells in Rel-17.

Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA in Rel-17.



Thus, Rel-17 only supports simultaneous PUCCH/PUSCH transmission of different priorities on different cells for inter-band CA. Accordingly FG 25-18 can be finalized as below:
	25. NR_IIOT_URLLC_enh
	25-18
	Parallel PUCCH and PUSCH transmission across CCs in inter-band CA
	Support simultaneous PUCCH/PUSCH transmissions of different priorities on different cells [at least] for inter-band CA.


 

[bookmark: _Toc95739399]FG 25-18a component description is revised to: “Support simultaneous PUCCH/PUSCH transmissions of different priorities on different cells for inter-band CA.”

Propagation Delay Compensation
For the topic of propagation delay compensation, the following feature groups were agreed.
	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

	2-51, 2-53

	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

	25-19, 13-1, 2-53

	25. NR_IIOT_URLLC_enh
	25-20
	Propagation delay compensation based on legacy TA procedure  
	Support propagation delay compensation based on legacy TA procedure  
	




In our view, 25-19 and 25-19a are parallel, independent features. FG 25-19a can be supported without supporting 25-19, especially for a UE already with PRS processing capability for positioning purpose. Thus, 25-19 should be deleted from the prerequisite list of 25-19a.

[bookmark: _Toc95739400]Delete 25-19 from the prerequisite list of FG 25-19a.

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt “Per UE” type for FG 25-1 to FG 25-10.
Proposal 2	(Proposal 6-1a in RAN1#107bis) FGs 25-9 and 25-10 are not split into multiple FGs. Add a note in FG 25-9/10 that if UE supporting FG 25-9/10 also supports both FGs 6-9 and 6-9a, the UE support the case of different numerologies between switchable carriers.
Proposal 3	Add FG 2-32 “Basic CSI feedback” as a prerequisite for FG 25-11 “4-bits subband CQI”.
Proposal 4	Confirm FG 25-11 “4-bits subband CQI” as a “Per UE” capability.
Proposal 5	Adopt the proposed changes in red in Table 2 for FG 25-12.
Proposal 6	Add support of PUSCH with repetition in the components for FG 25-14 and 25-15.
Proposal 7	For FG 25-15, remove “FFS” from Note on d3 candidate value set, i.e., candidate value set for component 2 d3 is confirmed.
Proposal 8	FG 25-18a component description is revised to: “Support simultaneous PUCCH/PUSCH transmissions of different priorities on different cells for inter-band CA.”
Proposal 9	Delete 25-19 from the prerequisite list of FG 25-19a.
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Annex. Existing Feature Groups 6-9 and 6-9a
	6-9
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of smaller SCS
	1) For both NR CA UE, EN-DC/NE-DC UE and NR-DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) For both NR CA UE and EN-DC/NE-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time
3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time
3-2) For EN-DC/NE-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with smaller SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
4) For NR DC UE, different numerologies across NR carriers within the same NR PUCCH group in MCG (in FR1) and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time; and same numerology across NR carriers in SCG (in FR2).

	6-5

	6-9a
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of larger SCS
	1) For both NR CA UE, EN-DC/NE-DC UE and NR DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) For both NR CA UE and EN-DC/NE-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is on the carrier with larger SCS for data/control channel at a given time
3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time
3-2) For EN-DC/NE-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with larger SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
4) For NR DC UE, different numerologies across NR carriers within the same NR PUCCH group in MCG (in FR1) and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time; and same numerology across NR carriers in SCG (in FR2).
	6-5
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