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1. [bookmark: _GoBack]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] 



At RAN1#102-e meeting, following agreements related to HARQ-ACK feedback enhancements were made [2]:
	Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)
Agreements:
· Simultaneous PUSCH / PUCCH within a cell group (of Sec. 6.13 of R1-2007216) and enhanced (sub-slot) HARQ-ACK multiplexing on PUSCH (of Sec. 4.3 of R1-2007216) can be further discussed as part of AI 8.3.3 in this WI (but not as part of AI 8.3.1.1).   
Agreements:
Study further at least the following schemes:
1. SPS HARQ skipping for ‘skipped’ SPS PDSCH
2. PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
3. Retransmission of cancelled HARQ
4. SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
5. Type 1 HARQ codebook based on sub-slot PUCCH config 
6. PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly



In the following section, the potential UE feedback enhancements for HARQ-ACK especially related to the highlighted parts are discussed.

2. HARQ-ACK feedback enhancements
2.1. Avoid SPS HARQ-ACK dropping for TDD
In Rel.15/16, all the SPS PDSCHs in an SPS configuration has a fixed K1value indicated by the SPS activation DCI. With the introduction of shorter SPS periodicities in Rel.16, the HARQ-ACK for SPS PDSCH may be dropped with a high probability when the corresponding PUCCH resource collides with at least one DL or flexible symbol. At RAN1#102-e meeting, a number of solutions for avoiding SPS HARQ-ACK dropping for TDD due to PUCCH resource collision with at least one DL or flexible symbol were discussed as follows but no consensus was reached [3].
	1. Deferring HARQ-ACK until the first available valid PUCCH resource
· This may be further limited to the maximum configured K1 value from the K1 set
· UE may discard the HARQ-ACK information, If UE cannot transmit HARQ-ACK information within the configured maximum HARQ-ACK feedback delay
2. gNB dynamic indication of one or more transmission opportunities for the postponed HARQ-ACK to UE
3. Indicating K1 value for each SPS transmission in a time window configured by RRC
4. Support one-shot HARQ-ACK request (i.e. Type 3 CB) for group of SPS HARQ processes
5. Support non-numerical (i.e. NN k1) for DL SPS operation in licensed spectrum
6. New HARQ-ACK feedback timing mechanism
7. HARQ-ACK feedback for all available SPS PDSCHs (incl. payload size optimizations)
8. UE to select the first applicable k1 value from a set of configured kl1 values to allow HARQ-ACK load balancing
9. Autonomous HARQ-ACK resending or to multiplex the dropped HARQ-ACK information to the different HARQ-ACK information



Table 1 summarizes the Pros/Cons for each candidate. We don’t think candidates#3,5,8 should be supported as they are inconsistent with Rel.15/16 SPS behavior that different K1 indication is applied not only for dropped HARQ-ACK but also for non-dropped HARQ-ACK (i.e., existing K1 can be used) and we think it is better to focus on the solution for dropped HARQ-ACK here.
For candidate#1, as long as the valid PUCCH resource is defined, no additional signaling is necessary and this solution would be simple and enough to support the function. While candidate#1 may have load balancing issue on the first available valid PUCCH resource if a number of UEs have the same time domain resource for the first available valid PUCCH resource, we think this can be solved by proper configuration of TDD UL-DL pattern, SPS periodicity, and K1, etc.
For candidate#2, this has flexibility to dynamically indicate the transmission of dropped HARQ-ACK, but we don’t think multiple transmission occasions are necessary as the indication should select valid PUCCH resource for the retransmission. So we are supportive of this solution if only one transmission occasion is indicated.
For candidate#4, this has flexibility to dynamically indicate the transmission of dropped HARQ-ACK similar to candidate#2. As one-shot HARQ feedback is also discussed for the retransmission of cancelled HARQ-ACK, we think it’s better to have commonality among solutions for different purposes and we are supportive of this solution. 
In summary, we propose the following:
Proposal 1:
· Support one of the following solutions to avoid SPS HARQ-ACK dropping for TDD due to PUCCH resource collision with at least one DL or flexible symbol
· Opt.1: Deferring HARQ-ACK until the first available valid PUCCH resource
· Opt.2: gNB dynamic indication of a transmission opportunity for the postponed HARQ-ACK to UE
· Opt.3: Support one-shot HARQ-ACK request (i.e. Type 3 CB) for group of SPS HARQ processes

Table 1.  Comparison of the candidates for avoiding SPS HARQ-ACK dropping for TDD
	Candidate#
	Pros
	Cons

	1
	No additional signaling is necessary
	May have load balancing issue on the first available valid PUCCH resource

	2
	Flexible
	Need dynamic indication for the retransmission of HARQ-ACK
Multiple transmission occasions would not be necessary

	3
	Flexible
	Inconsistent with Rel.15/16 SPS behavior (different K1 indication not only for dropped HARQ-ACK but also for others)
K1 value for a time window may need to be changed for SPS occasions in another time window when SPS periodicity and TDD periodicity can’t match well

	4
	Flexible
	Need trigger for one-shot HARQ-ACK feedback

	5
	Flexible
	Inconsistent with Rel.15/16 SPS behavior (different K1 indication not only for dropped HARQ-ACK but also for others)
Need another DCI with applicable k1 value for HARQ-ACK feedback

	6
	Can be included in 3, 8

	7
	Not clear the detail

	8
	Flexible
	Inconsistent with Rel.15/16 SPS behavior (different K1 indication not only for dropped HARQ-ACK but also for others)
There may not be applicable K1 value when SPS periodicity and TDD periodicity can’t match well

	9
	Can be included in 1, 4 




2.2. FFS solutions for HARQ-ACK feedback enhancements
In addition to the solutions for avoiding SPS HARQ-ACK dropping for TDD discussed in Section 2.1, at RAN1#102-e meeting, a number of solutions for HARQ-ACK feedback enhancements were discussed as stated in Section 1 but no consensus was reached [3].
	1. SPS HARQ skipping for ‘skipped’ SPS PDSCH
2. PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
3. Retransmission of cancelled HARQ
4. SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
5. Type 1 HARQ codebook based on sub-slot PUCCH config 
6. PUCCH carrier switching for HARQ feedback



Table 2 summarizes the Pros/Cons for each candidate. We think candidates#1 and 4 should be discussed together as the identification of skipped SPS would affect to both schemes. For candidate#1, it is beneficial to reduce the UCI payload especially for SPS with short periodicity and/or multiple SPS configurations, which results in high reliability of reported HARQ-ACK. However, accurate identification of skipped SPS is necessary as the misalignment of skipped SPS between gNB and UE results in misalignment of HARQ-ACK CB. While following alternatives were proposed in RAN1#102-e [3], there were not much discussion on this aspect. Therefore, we are supportive of this solution if skipped SPS is accurately identified. For the accurate SPS identification, we don’t think Alt.1 can achieve good performance as the accuracy of DMRS presence detection is not comparable to URLLC and may lead misalignment between gNB and UE regarding whether there is an SPS or not. Alt.2 may cause understanding ambiguity if gNB doesn’t receive the SPS HARQ CB. gNB is not sure whether it’s because UE skipped HARQ CB with only NACK or because of PUCCH miss-detection. Therefore, we think Alt.3 can be the starting point for the further discussion.
· Alt. 1: Based on DM-RS presence detection: vivo [2]
· Alt. 2: Skip PUCCH transmission if only SPS NACK is mapped: E/// [4]
· Alt. 3. Through dynamic signaling (‘Skipped SPS PDSCH DCI’): QC [24]
For candidate#4, if non-skipped SPS is accurately identified, UCI payload of HARQ-ACK for non-skipped SPS is further reduced by e.g., bundling the HARQ-ACK assuming that ACK is dominant in URLLC use case, skipping the feedback if all HARQ-ACK are ACK or NACK, etc. Therefore, we are supportive of this solution in conjunction with candidate#1.
For candidate#2, in Rel. 15, only slot based repetition has been specified for long PUCCH formats (1/3/4) while repetition for short PUCCH formats (0/2) has not been specified even in Rel.16. From reliability perspective, slot based long PUCCH repetition would be enough to meet the requirement. On the other hand, when low latency perspective is taken into account in addition to reliability perspective, repetition of short PUCCH formats (0/2) and sub-slot based PUCCH repetition have possibility to reduce the latency because gNB can decode PUCCH in each repetition (a few symbol level) and doesn’t have to wait for the next slot to receive the next repetition. Therefore, these enhancements should be supported to improve the reliability and latency at the same time considering the potential overlap with CE SI and feMIMO which was discussed in RAN#89e [4].
For candidate#3, in Rel.16 intra-UE UL multiplexing/prioritization, 2-level PHY priority indication has been specified. If low priority PUCCH for HARQ-ACK is overlapped with high-priority UL, the PUCCH for HARQ-ACK is cancelled to transmit. While it is gNB’s choice whether or not HARQ-ACK is dropped due to intra-UE UL multiplexing/prioritization, HARQ-ACK is essential for gNB to appropriately schedule UEs for better system performance. Therefore, if the dropped HARQ-ACK can be recovered or retransmitted without retransmitting PDSCH, gNB can do more flexible scheduling and improve the spectral efficiency. For the possible solution, one-shot (Type 3) HARQ CB specified in Rel.16 NR-U can be the starting point because it can indicate UE to transmit HARQ-ACK for all HARQ processes. There is another solution, i.e., group-based (eType 2) HARQ CB, to retransmit HARQ-ACK, but group-based HARQ CB is optimized considering COT in unlicensed band. In licensed band there is no COT and hence, one-shot HARQ CB can be the starting point for the recovery of the dropped HARQ-ACK. There might be complicated specification work between one-shot HARQ CB and different PHY priorities, which was discussed in Rel.16 NR-U, but this can be reduced if we simply adopt HARQ-ACK feedback for all HARQ processed irrespective of the PHY priority.
For candidate#5, it was discussed at RAN1#102-e but no consensus was reached. Therefore, this should be discussed in Rel. 16 URLLC maintenance at first. If not supported in Rel.16, this should be supported in Rel. 17 as this can achieve robust HARQ-ACK feedback, which completely suit with the URLLC objective, considering some modification regarding the relation between sub-slot granularity and PDSCH TDRA.
For candidate#6, this is beneficial especially for CA with different TDD configuration so that an appropriate UL slot is selected to improve the latency performance. However, at RAN1#102-e, some companies argued that similar behavior can be achieved by current specification using UCI piggybacked to PUSCH (i.e., a PUSCH overlapped with the PUCCH in DL slot in CC#1 is scheduled in UL slot in CC#2). As discussed in our contribution on scheduling/HARQ for Rel.16 URLLC [5], the processing order of intra-UE UL multiplexing/prioritization and UL cancellation due to TDD configuration has not been fixed yet although following agreement was made RAN1#101-e meeting:
	Agreement 
After the UE determines the overlapping PUCCH or PUSCH for multiplexing/prioritization, the UE cancels the PUCCH or PUSCH that has overlapping with semi-static configured DL symbols or SSB symbols, and then the multiplexing/prioritization is performed among the non-cancelled overlapping transmissions


Therefore, we think the processing order should be resolved first in Rel.16 URLLC, and candidate#6 can be discussed further based on the outcome.
In summary, we propose the following:
Proposal 2:
· Support SPS HARQ skipping for ‘skipped’ SPS PDSCH in conjunction with SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· dynamic signalling is used for the identification of skipped SPS PDSCH
Proposal 3:
· Support repetition of short PUCCH formats and sub-slot based PUCCH repetition
Proposal 4:
· Support one-shot HARQ CB for the retransmission of cancelled HARQ
Proposal 5:
· Support type 1 HARQ codebook based on sub-slot PUCCH config if not supported in Rel.16 URLLC
Proposal 6:
· Further study PUCCH carrier switching for HARQ feedback based on the outcome of the processing order of intra-UE UL multiplexing/prioritization and UL cancellation due to TDD configuration in Rel.16 URLLC

Table 2.  Comparison of the FFS solutions for HARQ-ACK feedback enhancements
	Candidate#
	Pros
	Cons

	1
	UCI payload reduction for SPS with short periodicity  Higher reliability
	Accurate identification of skipped SPS is necessary

	2
	Improved latency & reliability performance
	May be overlapped with CE SI / feMIMO 

	3
	Improved eMBB/URLLC performance
Can reuse one-shot HARQ feedback
	Complicated operation with different priorities

	4
	Higher reliability or lower UL interference especially with solution#1
	System performance improvement is unclear (dependent on the detailed solution, e.g, all SPSs corresponding to bundled NACK have to be retransmitted)

	5 
	Robust HARQ-ACK feedback
	Need discussion regarding the relation between PDSCH TDRA and sub-slot

	6
	Improved latency performance
	May have different understanding in current specification among companies




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:
· Support one of the following solutions to avoid SPS HARQ-ACK dropping for TDD due to PUCCH resource collision with at least one DL or flexible symbol
· Opt.1: Deferring HARQ-ACK until the first available valid PUCCH resource
· Opt.2: gNB dynamic indication of a transmission opportunity for the postponed HARQ-ACK to UE
· Opt.3: Support one-shot HARQ-ACK request (i.e. Type 3 CB) for group of SPS HARQ processes
Proposal 2:
· Support SPS HARQ skipping for ‘skipped’ SPS PDSCH in conjunction with SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· dynamic signalling is used for the identification of skipped SPS PDSCH
Proposal 3:
· Support repetition of short PUCCH formats and sub-slot based PUCCH repetition
Proposal 4:
· Support one-shot HARQ CB for the retransmission of cancelled HARQ
Proposal 5:
· Support type 1 HARQ codebook based on sub-slot PUCCH config if not supported in Rel.16 URLLC
Proposal 6:
· Further study PUCCH carrier switching for HARQ feedback based on the outcome of the processing order of intra-UE UL multiplexing/prioritization and UL cancellation due to TDD configuration in Rel.16 URLLC
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