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1. Introduction
At RAN#88e meeting, revised WID on enhanced industrial internet of things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved with the objective as follows [1]:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 



As per the guidance from RAN1 chair as follows, in this contribution, PUCCH carrier switching and retransmission of cancelled HARQ for UE feedback enhancements for HARQ-ACK are discussed.
	Only to handle topics of PUCCH carrier switching and retransmission of cancelled HARQ 
· No contributions to other topics please



2. HARQ-ACK feedback enhancements 
2.1. HARQ-ACK retransmission

Enhanced type 3 HARQ-ACK CB
In Rel.16 URLLC WI, priority indicator field is introduced for DCI 0_1/0_2/1_1/1_2. HARQ-ACK with different priorities will be reported in two separate HARQ-ACK CBs. On the other hand, Type 3 HARQ-ACK feedback triggering by DCI 1_1 is introduced in R16 NR-U WI without considering priority indicator field or separate HARQ-ACK CB for different priorities. Therefore, clarification is needed whether DCI 1_1 can be simultaneously configured enabling one-shot HARQ-ACK feedback and priority indicator field existing in DCI 1_1. Moreover, if permitted, how to construct type 3 HARQ-ACK CB considering different priorities of HARQ-ACK for different HARQ process IDs. Two alternatives can be considered:
· Alt. 1: Construct type 3 HARQ-ACK CB for all HARQ process IDs regardless of priority indicated for each HARQ-ACK bit. LP or HP PUCCH resource for the type 3 HARQ-ACK CB is determined by priority indicator field in the triggering DCI if exists.
· Alt. 2: Separately construct type 3 HARQ-ACK CB for different priorities. The priority indicator field may be used for indicating type 3 HARQ-ACK CB of which priority will be reported.
Alt. 1 has no specification impact on type 3 HARQ-ACK CB construction procedure. Alt. 2 has smaller HARQ-ACK CB size with only one priority. But the uncertain HARQ-ACK CB size may cause ambiguity between gNB and UE. Furthermore, specification impact on type 3 HARQ-ACK construction procedure is needed in Alt. 2. Therefore, Alt 1 is preferred. 
[bookmark: _Ref68186401]Proposal 1: If DCI 1_1 can be simultaneously configured with one-shot HARQ-ACK feedback and priority indicator field existing in DCI 1_1, type 3 HARQ-ACK CB consists of all HARQ process IDs regardless of priority indicated for each HARQ-ACK bit. The priority of the HARQ-ACK PUCCH is determined by physical priority indicator in the triggering DCI. 

In RAN1#104b-e, enhanced type 3 CB with smaller size was discussed as shown in following proposal.
	Update 2 FL proposal 3.1: Support enhanced Type 3 CB(s) with smaller size (compared to Rel-16) 
Definition of enhanced Type 3 CB:
The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook is not flexible, but at least determined by RRC configuration.
The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)



With the proposal, RRC configured sub-set of HARQ processes and/or serving cells can lead to robust HARQ-ACK CB size and simpler specification impact on type 3 HARQ-ACK CB construction. It is more appropriate for the cases like retransmission of SPS HARQ-ACK, HARQ-ACK retransmission only for certain serving cells, etc. However, it is not suitable for dynamic HARQ-ACK retransmission case. Another alternative is to only include HARQ-ACKs in a time window in the type 3 HARQ-ACK CB. The time window can be indicated by the triggering DCI similarly to TDRA, e.g. slot offset and slot duration are indicated to determine the slot-level time window. TDRA field is possible to be reused for the indication if no PDSCH is scheduled by the triggering DCI.

Proposal 2: Support enhanced Type 3 CB(s) with smaller size,
· Option 1: HARQ-ACK information in the enhanced type 3 CB is determined based on RRC configured sub-set of HARQ processes and/or serving cells.
· Option 2: HARQ-ACK information in the enhanced type 3 CB is determined based on time window indicated by the triggering DCI.

One shot-triggering of dropped HARQ-ACK on PUCCH/PUSCH
Triggering dropped HARQ-ACK on PUCCH/PUSCH is another alternative if enhanced type 3 HARQ-ACK CB with smaller CB size is not supported. However, triggering HARQ-ACK retransmission on PUSCH seems to result in large specification impact. For triggering retransmission on PUCCH, we think to trigger retransmission for HARQ-ACKs in a time window is efficient since the retransmission of multiple HARQ-ACKs can be triggered by single DCI. It goes into the same mechanism as option 2 in Proposal 2. 
[bookmark: _Ref68186484]Proposal 3: If enhanced type 3 CB with only HARQ-ACKs in a time window is not supported, support triggering HARQ-ACKs in a time window to be retransmitted on PUCCH.

2.2. PUCCH carrier switching for HARQ feedback
PUCCH carrier switching is beneficial especially for CA with different TDD configuration so that an appropriate UL slot is selected to improve the latency performance. Following agreements for PUCCH carrier switching were made at RAN1#104-e.
	Agreements: For further study on whether and how to support PUCCH carrier switching in a PUCCH group, focus on the following three alternatives:
· Alt. 1: PUCCH carrier switching is based dynamic indication in DCI
· Alt. 2B: PUCCH carrier switching is based on certain (semi-static) rules
· Alt. 2C: PUCCH carrier switching is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells
· Note: In above alternatives, it is assumed that HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group, can be sent on a PUCCH on an Scell also instead of only on Pcell/PScell/PUCCH-SCell in the same PUCCH group, as opposed to Rel-16 where HARQ-ACK corresponding to PDSCH received on a Pcell/PScell or an Scell in a PUCCH group can only be sent on Pcell/PScell/PUCCH-SCell in the same PUCCH group.
· Note: Realistic deployment scenarios including TDD configurations should be considered for the study.



For Alt 1, dynamic indication based PUCCH carrier switching can provide more flexibility. But it is not applicable for PUCCH without associated DCI. 
For Alt 2B and Alt 2C, they can be applied for any PUCCH regardless of with or without associated DCI.
For Alt 2B based on semi-static rule, the rule can be based on the TDD collision condition. Possible procedure for Alt 2B can be:
· Step 1: Determine HARQ-ACK reporting timing on PCell/PSCell/PUCCH-Scell based on K1 value.
· Step 2: Determine PUCCH resource in the reporting slot on PCell/PSCell/PUCCH-Scell.
· Step 3: Check whether PUCCH T/F resource in reporting slot of PCell/PSCell/PUCCH-Scell overlaps with “invalid symbol”.
· If not, HARQ-ACK is reported on the determined PUCCH resource on PCell/PSCell/PUCCH-Scell.
· Otherwise, check PUCCH resource on candidate cell until PUCCH resource on one cell doesn’t overlap with “invalid symbol” or all candidate cells have been checked. Serving cell index can be used for checking order of candidate PUCCH Scells. 
For Alt 2C, PUCCH cell timing pattern of applicable PUCCH cells is configured for UE. UE determines PUCCH report timing on PCell/PSCell/PUCCH-Scell based on K1 value. Then UE determines the PUCCH transmission cell based on the determined report timing. 
Based on above analysis, Alt 1/2B/2C can be compared from specification impact, flexibility and applicable use case perspectives. 
	
	ALT. 1
	ALT. 2B
	ALT. 2C

	Specification impact
	DCI field for PUCCH carrier indication.
	Rule definition.
	PUCCH cell pattern configuration by RRC.

	PUCCH carrier selection flexibility
	Dynamically flexible.
fully controlled by gNB.
	Not dynamically flexible.
Less controlled by gNB.
	Not dynamically flexible.
Fully controlled by gNB.

	Support for PUCCH without associated DCI
	Not support
	Support
	Support



We think PUCCH carrier switching at least for HARQ-ACK PUCCH with or without associated DCI needs to be supported. Therefore, Alt 1 is not preferred.
Considering up to X cells (e.g., X=1) can be configured with PUCCH resources per cell group (MCG/SCG/PUCCH cell group) in addition to PCell/PSCell/PUCCH-Scell, possible limitations for PUCCH resource configuration for the X Scells may need to be considered, e.g. SCS and number of PUCCH-Configs among candidate PUCCH cells. 
· In order to avoid UE complexity due to multiple slots of PCell/PSCell/PUCCH-Scell mapping to one slot of candidate PUCCH Scell, or one slot of PCell/PSCell/PUCCH-Scell mapping to multiple slots of candidate PUCCH Scell, same SCS for candidate PUCCH Scells as SCS of PCell/PSCell/PUCCH-Scell is preferred. 
· [bookmark: _Hlk71389848]In order to keep the same number of supported HARQ-ACK CBs (high priority and low priority), the same number of PUCCH-configs among candidate PUCCH Scells and PCell/PSCell/PUCCH-Scell is expected.

[bookmark: _Ref68186606]Proposal 4: Support Alt 2B or Alt 2C for PUCCH carrier switching, at least for HARQ-ACK PUCCH.
· Same SCS candidate PUCCH Scells as SCS of PCell/PSCell/PUCCH-Scell is preferred.
· Same number of PUCCH-configs among candidate PUCCH Scells and PCell/PSCell/PUCCH-Scell is expected.

3. Conclusion
In this contribution, we discussed the UE feedback enhancements for HARQ-ACK for eIIoT/URLLC. Based on the discussion, we made following proposals.
Proposal 1: If DCI 1_1 can be simultaneously configured with one-shot HARQ-ACK feedback and priority indicator field existing in DCI 1_1, type 3 HARQ-ACK CB consists of all HARQ process IDs regardless of priority indicated for each HARQ-ACK bit. The priority of the HARQ-ACK PUCCH is determined by physical priority indicator in the triggering DCI. 
Proposal 2: Support enhanced Type 3 CB(s) with smaller size,
· Option 1: HARQ-ACK information in the enhanced type 3 CB is determined based on RRC configured sub-set of HARQ processes and/or serving cells.
· Option 2: HARQ-ACK information in the enhanced type 3 CB is determined based on time window indicated by the triggering DCI.
Proposal 3: If enhanced type 3 CB with only HARQ-ACKs in a time window is not supported, support triggering HARQ-ACKs in a time window to be retransmitted on PUCCH.
Proposal 4: Support Alt 2B or Alt 2C for PUCCH carrier switching, at least for HARQ-ACK PUCCH.
· Same SCS candidate PUCCH Scells as SCS of PCell/PSCell/PUCCH-Scell is preferred.
· Same number of PUCCH-configs among candidate PUCCH Scells and PCell/PSCell/PUCCH-Scell is expected.
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