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Analysis on UE features for enhanced IIoT and URLLC are presented. The discussion is based on [1].
Discussion
PUCCH Repetition enhancements
Index 25-2 to 25-3a:
A remaining issue of last meeting is whether the type of FGs 25-2 to 25-3a should be per UE or per FS or per FSPC.
From our perspective, Per UE is preferred.
Proposal 1: The type of FGs 25-2 to 25-3a should be kept as per UE.

Retransmission of cancelled HARQ
Index 25-4 to 25-7:
A remaining issue of last meeting is whether the type of FGs 25-4 to 25-7 should be per UE or per FS or per FSPC.
From our perspective, Per UE is preferred.
Proposal 2: The type of FGs 25-4 to 25-7 should be kept as per UE.

Index 25-6 and 25-7:
The two indices are separately for the Enhanced type 3 HARQ-ACK codebook feedback and Triggered HARQ-ACK codebook re-transmission. The common things are both supporting DCI format 1_2 and two HARQ-ACK codebooks / PUCCH config. The feature of supporting DCI format 1_2 is 11-1 and the feature of supporting two HARQ-ACK codebooks / PUCCH config is 11-4. So we propose to include 11-1 and 11-4 both in the prerequisite feature column of index 25-6 and 25-7.
Proposal 3: Include 11-1 and 11-4 both in the prerequisite feature group column of index 25-6 and 25-7.

Index 25-7:
Also in 25-7, the component of description for Triggered HARQ-ACK codebook re-transmission is not clear. The “earlier PUCCH slot” is not clear to aim the cancelled HARQ-ACK codebook, below adjustment can clarity the retransmission is for the cancelled HARQ-ACK codebook, the cancellation of the HARQ-ACK codebook is due to various reasons, such as conflicts with the HP channel or Dl symbols. So we propose:
Proposal 4: The following adjustment is proposed for component of 25-7.
	· 1. Support HARQ-ACK codebook re-transmission from an earlier PUCCH slot of the cancelled HARQ-ACK based on the triggering information in DCI format 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
· 2. Support the related PHY priority handling in terms of HARQ-ACK codebook selection and the applicable PUCCH configuration (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)



In the latest RAN1 meetings, regarding the value for the HARQ re-tx offset, there were two related agreements as below:
	Agreement
RAN1 confirms the following RAN1#107-e working assumption: 
	Working Assumption 
For one-shot triggering of HARQ re-transmission, in addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 
· The support for the triggering before the initial PUCCH transmission slot is subject to separate UE capability indication



Agreement
For one-shot HARQ-ACK re-transmission, 
· the minimum value for the HARQ re-tx offset min_HARQ_retx_offset_value is -7.  
· the maximum value for the HARQ re-tx offset max_HARQ_retx_offset_value is 24.  
· Note: UE capability reporting on the UE supported value range for HARQ_retx_offset in the scope of [min_HARQ_retx_offset_value, max_HARQ_retx_offset_value ] that can be indicated by the gNB for the UE can be further discussed in UE capabilities



For the UE capabilities issue, the second agreement overrides the first agreement. The minimum value for the HARQ re-tx offset is -7 and the maximum value for the HARQ re-tx offset is 24.We may add a component in 25-7 to indicate the value range based on the UE capability signaling. For example,
	25. NR_IIOT_URLLC_enh
	25-7
	Triggered HARQ-ACK codebook re-transmission 
	1. Support HARQ-ACK re-transmission from an earlier PUCCH slot based on the triggering information in DCI format 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
2. Support the related PHY priority handling in terms of HARQ-ACK codebook selection and the applicable PUCCH configuration (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)
3. Support report of the supported value range of HARQ_retx_offset in the scope of [min_HARQ_retx_offset_value, max_HARQ_retx_offset_value]




Proposal 5: The following adjustment is proposed for component of 25-7.
	1. Support HARQ-ACK re-transmission from an earlier PUCCH slot based on the triggering information in DCI format 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
2. Support the related PHY priority handling in terms of HARQ-ACK codebook selection and the applicable PUCCH configuration (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)
3. Support report of the supported value range of HARQ_retx_offset in the scope of [min_HARQ_retx_offset_value, max_HARQ_retx_offset_value]



Semi-static HARQ-ACK codebook for sub-slot PUCCH
Index 25-8:
The type definition from moderator on index 25-8 is “Per UE”. But we think “Per FS” is better for the feature group as the prerequisites of “Per sub-slot URLLC feature in Rel-16” is per FS.
Proposal 6: The type of FGs 25-8 should be kept as per FS.

PUCCH carrier switching
Index 25-9 and 25-10:
The type definition from moderator on index 25-9 and 25-10 is “Per UE”. But we think “Per BC” is better for the two feature group. For a certain UE, not all the band combination is suitable for PUCCH switching, for example, one UE could switch between carrier 1 and carrier 2, but carrier 3 is not allowed for switching. So the feature of supporting Semi-static PUCCH carrier switching or dynamic PUCCH carrier switching seems more suitable as Per BC definition.
Proposal 7: The type of the feature group 25-9 and 25-10 is proposed to change to Per BC.

[bookmark: _Toc63425227]Intra-UE Multiplexing/Prioritization
Index 25-16
For the third bullet in the component of 25-16, RAN1 has an agreement below. 
	Agreement
When a PUCCH carrying HP SR and HP HARQ-ACK with PUCCH format 2/3/4 overlaps with a PUCCH carrying LP HARQ-ACK, information bits for K HP SRs are appended to HP HARQ-ACK bits, and treat them as HP UCI, where K (K≥1) PUCCHs semi-statically configured for K HP SRs overlap with the original PUCCH carrying the HP HARQ-ACK.


It means it is conditionally support multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH. So we propose to remove the square brackets in the third bullet and make corresponding change on the condition.
For the usage of parentheses in component of 25-16, we should keep the commonality on each part of the components. So we propose to remove the parentheses for item 4 and 5.
Regarding bullet 7 and 8, RAN1 has an agreement below. 
	Agreement
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a low-priority (LP) PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH not conveying UL-SCH, UE follows the same behaviour as that in case of PUSCH conveying UL-SCH.
· For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a high-priority (HP) PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts would be transmitted on HP PUSCH not conveying UL-SCH, UE follows the same behaviour as that in case of PUSCH conveying UL-SCH.


It means multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a low-priority (LP) PUSCH in R17 applies for both the cases of PUSCH with or without conveying UL-SCH. And the same thing is for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a high-priority (HP) PUSCH in R17. So we propose to remove the “conveying UL-SCH” in the 6/7 bullets.
For the FFS issue whether to separate capability for different UCI type, we support NOT to separate capability for different UCI type in the component. 
Separate capabilities for different UCI types will increase scheduling complexity and thus it would be hard to implement the PUCCH/PUSCH multiplexing of different priorities at gNB side, we don’t observe additional UE implementation complexity for different UCI type.
Proposal 8: The following adjustment is proposed for component of 25-16.
	3. [Support multiplexing a low-priority HARQ-ACK, with a high-priority HARQ-ACK and a high-priority SR with PUCCH format 2/3/4 into a PUCCH.]
4. Support multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
5. Support multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
6. Support multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
7. Support multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
FFS whether to separate capability for different UCI type



Simultaneous x-CC PUCCH/PUSCH transmissions for inter-band CA
Index 25-18:
This feature group is supporting parallel PUCCH and PUSCH transmission across CCs in inter-band CA. The type of this feature group is proposed to “Per BC”. The reason is similar with previous proposal as not all band combination is supporting parallel PUCCH and PUSCH transmission.
Proposal 9: The type of the feature group 25-18 is proposed to change to Per BC. 
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Conclusion
Proposal 1: The type of FGs 25-2 to 25-3a should be kept as per UE.
Proposal 2: The type of FGs 25-4 to 25-7 should be kept as per UE.
Proposal 3: Include 11-1 and 11-4 both in the prerequisite feature group column of index 25-6 and 25-7.
Proposal 4: The following adjustment is proposed for component of 25-7.
	· 1. Support HARQ-ACK codebook re-transmission from an earlier PUCCH slot of the cancelled HARQ-ACK based on the triggering information in DCI format 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
· 2. Support the related PHY priority handling in terms of HARQ-ACK codebook selection and the applicable PUCCH configuration (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)


Proposal 5: The following adjustment is proposed for component of 25-7.
	1. Support HARQ-ACK re-transmission from an earlier PUCCH slot based on the triggering information in DCI format 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
2. Support the related PHY priority handling in terms of HARQ-ACK codebook selection and the applicable PUCCH configuration (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)
3. Support report of the supported value range of HARQ_retx_offset in the scope of [min_HARQ_retx_offset_value, max_HARQ_retx_offset_value]


Proposal 6: The type of FGs 25-8 should be kept as per FS 
Proposal 7: The type of the feature group 25-9 and 25-10 is proposed to change to Per BC. 
Proposal 8: The following adjustment is proposed for component of 25-16.
	3. [Support multiplexing a low-priority HARQ-ACK, with a high-priority HARQ-ACK and a high-priority SR with PUCCH format 2/3/4 into a PUCCH.]
4. Support multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
5. Support multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
6. Support multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
7. Support multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
FFS whether to separate capability for different UCI type


Proposal 9: The type of the feature group 25-18 is proposed to change to Per BC. 
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