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Discussion
1. Introduction
In RAN1 #102 e-meeting, UE feedback enhancement mechanisms were discussed, and the following schemes were identified to be further studied [1]:

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:

Study further at least the following schemes:

· SPS HARQ skipping for ‘skipped’ SPS PDSCH

· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.

· Retransmission of cancelled HARQ

· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’ SPS PDSCH

· Type 1 HARQ codebook based on sub-slot PUCCH config 

· PUCCH carrier switching for HARQ feedback

Companies are encouraged to provide detailed analysis and comparison accordingly
In RAN1 #103 e-meeting, options for the schemes were discussed with the following agreements achieved [2]:

Agreements: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 

· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g, first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing
Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.

Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …

Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
a. FFS: Details
2. NACK skipping (ACK-only) (Alt. 2)
a. FFS: Details
3. HARQ bundling / compression (Alt. 3)
a. FFS: Details including HARQ bundling / compression window, bundling / compression technique
4. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
a. The skipping / disabling is higher-layer configured per SPS configuration
b. FFS: HARQ-ACK skipping behaviour for Type 1 CB
In this contribution, we provide our views on the potential options for some of the schemes.
2. Discussion
2.1 avoid SPS HARQ-ACK dropping for TDD
To avoid SPS HARQ-ACK dropping for TDD, two options were agreed to be focused on in the last RAN1 #103 e-meeting. Option 2 requires additional DCI to trigger a one-shot / Type-3 CB for re-transmission of the dropped HARQ-ACK feedback. The overhead increasing would be high when the triggering DCI needs to be transmitted very often in some TDD and SPS configurations. It deviates from the spirit of SPS which does not transmit the dynamic DL grant to reduce the DCI overhead. Moreover, much specification effort is needed to enhance the Type-3 CB to reduce the HARQ-ACK feedback overhead. Option 1 is the most straightforward method based on some pre-defined rules for the deferring, and it should be discussed with priority.
Proposal 1: To avoid SPS HARQ-ACK dropping for TDD systems, support HARQ-ACK deferring until a next (e.g., first) available PUCCH as a prior option.
For option 1, when to defer SPS HARQ-ACK needs to be defined. When PUCCH collides with semi-statically configured DL symbol or SSB symbol, the deferring operation can be determined by a UE and gNB without ambiguity. For the semi-statically configured flexible symbol, as the symbol direction may be further adjusted by SFI in DCI format 2_0 (if it is configured) or the dynamically scheduled UL/DL transmissions, whether the SPS HARQ-ACK would be dropped depends on the detection result of the PDCCH. If the dropped SPS HARQ-ACK in semi-statically configured flexible symbol is deferred to later symbol, there may be ambiguity between a UE and gNB. For example, when gNB sends SFI indicating some semi-statically configured flexible symbols as DL symbols, then gNB expects the SPS HARQ-ACK overlapping with these symbols would be transmitted in later symbol. However, if the UE fails to receive the PDCCH carrying the SFI, the UE does not defer the SPS HARQ-ACK transmission. Therefore, when dynamic conflict happens for SPS HARQ-ACK in semi-statically configured flexible symbol, HARQ-ACK is not desired to be deferred.
Proposal 2: SPS HARQ-ACK is deferred until a next (e.g., first) available PUCCH only when it collides with semi-statically configured DL symbol or SSB symbol.
As for the definition of the slot/sub-slot timing for next available PUCCH, the slot/sub-slot of the available PUCCH must contain at least semi-static uplink symbol(s) with the amount of symbol that could accommodate the PUCCH format of the deferred SPS HARQ feedback. Whether and how to use semi-static flexible symbol that is not SSB symbol as the available PUCCH for the deferring should take into account the possible missing of the SFI or the DL grant DCI of the UE, and make sure there is no misalignment between gNB and UE in terms of the available PUCCH resource.
For another thing, as shown in the below Figure 1, if all of the SPS HARQ-ACK intended to be transmitted in the DL slots before an UL slot are deferred to the first valid PUCCH in UL slot n+3, the HARQ-ACK load is not balanced in UL slots. In the overloaded UL slots, the HARQ-ACK transmission reliability may be degraded. Thus, to determine the slot/sub-slot for next available PUCCH, HARQ-ACK load balancing should also be considered. If the first valid PUCCH is considered to be overloaded, the SPS HARQ-ACK should be deferred to later valid PUCCH.

[image: image1.emf]DL slot n

SPS 

PDSCH

DL slot n+1

SPS 

PDSCH

DL slot n+2

SPS 

PDSCH

UL slot n+3 UL slot n+4

A/N


Figure 1 SPS HARQ-ACK deferring to the first available PUCCH
Proposal 3: The available PUCCH for SPS HARQ-ACK deferring is consist of at least semi-static uplink symbol(s).
In the slot/sub-slot containing the available PUCCH to transmit the deferred SPS HARQ-ACK, the current Rel-15/Rel-16 mechanism for SPS HARQ-ACK feedback can be reused to multiplex the deferred SPS HARQ-ACK with other HARQ-ACK and generate the codebook. When only SPS HARQ-ACK is to be transmitted in that slot/sub-slot, PUCCH resource is determined based on SPS-PUCCH-AN-List-r16 or n1PUCCH-AN in case that SPS-PUCCH-AN-List-r16 is not configured. When there is HARQ-ACK for dynamically scheduled PDSCH to be transmitted together with SPS HARQ-ACK in that slot/sub-slot, PUCCH resources configured in PUCCH-ResourceSet would be applied. In this case, HARQ-ACK for dynamically scheduled PDSCH and SPS HARQ-ACK including the deferred one are multiplexed in a same HARQ-ACK codebook.
Proposal 4: Reuse the Rel-15/Rel-16 mechanism for SPS HARQ-ACK feedback to multiplex the deferred SPS HARQ-ACK with other HARQ-ACK and determine the PUCCH resource.
2.2 SPS HARQ skipping for ‘skipped’ SPS PDSCH and SPS HARQ payload size reduction (for ‘non-skipped’ SPS PDSCH)
NACK skipping for skipped SPS PDSCH has the merit of reducing UE power consumption as well as unnecessary UL interference when there is no actual downlink transmission for a SPS PDSCH occasion, especially for the case that multiple SPS configurations are configured to serve one traffic with jitter. 
Ways for the UE to identify the skipped SPS PDSCH occasions were proposed by some companies in the last meeting. However, the NACK skipping should not rely on the identification of a skipped SPS PDSCH by the UE. 
If specific DM-RS is sent on the skipped PDSCH resource and used for the identification, gNB may not re-use the skipped SPS PDSCH resources for transmissions to other UEs. In addition, the reliability of DMRS detection is probably not as adequate as required for URLLC. In case the actually transmitted PDSCH is wrongly detected as skipped SPS PDSCH, not decoding the SPS PDSCH by the UE would reduce the efficiency. In case the skipped SPS PDSCH is assumed to be present, the UE’s feedback (which should have been skipped) would cause PUCCH collisions. Detecting the specific DMRS increase UE’s implementation and RAN4 test burden.
Using DCI to indicate skipped SPS PDSCH occasions costs additional DL overhead, which is considered not necessary to save the UL overhead. And the latency of MAC CE indication method may be too large for the indication. Both the methods need gNB to predict which SPS PDSCH occasions would be skipped.
Instead of identifying the skipped SPS PDSCH occasions, the UE could skip the NACK feedback as long as it doesn’t decode SPS PDSCH correctly. gNB knows whether it had really sent PDSCH or not, so that it could be able to know what the un-detected HARQ-ACK means, i.e. means the PDSCH is skipped or decoding failure happens at the UE. There is no misunderstanding between gNB and UE. About when to skip the NACK feedback, the following cases need to be considered:
1) The PUCCH HARQ-ACK codebook only contains HARQ-ACK for SPS PDSCH. If some of HARQ-ACKs in the HARQ-ACK codebook are going to be ACK for some non-skipped PDSCH and NACK skipping is applied, gNB cannot know the exact payload size of the HARQ-ACK codebook thus could not decode correctly. There would also be ambiguity about the mapping of the ACK bits to PDSCH at gNB. The NACK skipping can be applied only when all SPS HARQ-ACKs are NACK, i.e. PUCCH skipping.
2) The PUCCH HARQ-ACK codebook contains HARQ-ACK for SPS PDSCH and dynamically scheduled PDSCH. Since the NACK feedback for dynamically scheduled PDSCH is helpful for gNB to get the information about whether PDCCH is correctly received or not, and then adjust the PDCCH scheduling, it should not be skipped for dynamically scheduled PDSCH. If NACK skipping is applied for skipped/non-skipped SPS PDSCH in this case, as the UE does not distinguish them, only dropping the NACK bits for skipped PDSCH is not applicable. Dropping all the NACK bits for skipped and non-skipped SPS PDSCH would result in HARQ-ACK codebook size ambiguity at gNB.
Proposal 5: When a PUCCH HARQ-ACK codebook only contains HARQ-ACK for SPS PDSCH, and all of the HARQ-ACK for these SPS PDSCH are going to be NACK, the UE does not send the PUCCH.
2.3 PUCCH repetition enhancements
In the last RAN plenary meeting [3], the scope for PUCCH repetition enhancements to be discussed in Rel-17 URLLC is clarified as follows:
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In Rel-16, sub-slot based PUCCH was specified for latency reduction of URLLC. In some cases, only PUCCH format 0/2 can be used for the sub-slot configuration, e.g. 2-symbol*7. However, sub-slot based PUCCH repetition was not supported in Rel-16. As a result, the reliability and latency cannot be obtained simultaneously. To address this issue, sub-slot based PUCCH repetition as well as PUCCH format 0/2 repetition are suggested to be supported in Rel-17. The same Rel-15 principle for PUCCH repetition across multiple slots could be reused for sub-slot based PUCCH repetition, i.e. there is one repetition per sub-slot with the same starting symbol, duration and PRB number used in each sub-slot. Some companies thought to use longer PUCCH format instead for coverage improvement, however, there is more specification effort to specify longer PUCCH format across sub-slot boundary.
Proposal 6: Support sub-slot based PUCCH repetition as well as PUCCH format 0/2 repetition in Rel-17. For PUCCH repetition in multiple sub-slots, the same PUCCH resource (starting symbol, duration and PRB number) is used in each sub-slot.
For the PUCCH repetition number configuration, in Rel-16, the PUCCH slot number is configured semi-statically though RRC signaling. To support more flexible and efficient PUCCH repetition for URLLC, it should be supported that the PUCCH repetition number is indicated in a dynamic way. In the NR coverage enhancements WI, there is an objective to specify mechanism to support dynamic PUCCH repetition factor indication [4]. The specified mechanism could also be used for URLLC case.
2.4 Retransmission of cancelled HARQ
Retransmission of cancelled HARQ is for retransmission of cancelled low priority HARQ due to collision with high priority UCI, or retransmission of cancelled high priority HARQ.

For the high priority HARQ, it will not be cancelled due to prioritization. There is no such case of dropping high priority HARQ-ACK unintentionally. A proper scheduling can guarantee the transmission and it is no need to specify solution for retransmission. But if a retransmission mechanism is specified for low priority HARQ, the same could also be applied for high priority HARQ.
For the low priority HARQ, there is already an objective to study in Rel-17 URLLC for UL intra UE multiplexing where the low priority HARQ-ACK can be multiplexed into PUCCH or PUSCH with high priority instead of being cancelled. Based on the outcome of the multiplexing discussion, what is the case for low priority HARQ cancelling and the use case for the retransmission mechanism should be further studied. 
Proposal 7: Retransmission of cancelled HARQ should be studied with low priority as the use case depends on the outcome of intra UE multiplexing discussion.

2.5 PUCCH carrier switching for HARQ feedback

PUCCH carrier switching aims to reduce the HARQ-ACK latency for TDD with UL CA, where the HARQ-ACK switched to be transmitted on another carrier allows a smaller K1 compared having the HARQ-ACK to be transmitted on the original PUCCH carrier.
Dynamically indicating PUCCH carrier switching is one way to change the HARQ-ACK transmission cell. However, this method not only requires additional DCI bits, but also causes gNB and UE ambiguity when the UE misses the indication DCI. It can’t be applied to SPS PDSCH HARQ-ACK feedback as well.
An alternative way is PUCCH carrier is switched based on predefined rules. The DCI indicates K1 for the UE to determine the slot/sub-slot to feedback HARQ-ACK the same as the legacy behavior. If the determined slot/sub-slot on the original PUCCH carrier can’t be used for HARQ-ACK transmission, it is then switched to another carrier whose determined slot/sub-slot could accommodate the HARQ-ACK. To determine the another carrier to be switched, gNB and UE follow the same predefined ordering of CCs. This way applies to both the scenario of UL CA for TDD with different UL/DL configurations and the FDD/TDD CA scenario. The HARQ-ACK feedback for both dynamically scheduled PDSCH and SPS PDSCH could be switched to another carrier according to the predefined rule. 
Compared the two methods, the second one could meet the HARQ-ACK latency reduction goal without additional DCI indication and should be supported.
Proposal 8: If PUCCH carrier switching is supported in Rel-17, it is switched based on static predefined rules for both dynamically scheduled PDSCH and SPS PDSCH HARQ-ACK feedback.
3. Conclusion
In this contribution, our proposals regarding UE feedback enhancements for HARQ-ACK are listed as follows:
Proposal 1: To avoid SPS HARQ-ACK dropping for TDD systems, support HARQ-ACK deferring until a next (e.g., first) available PUCCH as a prior option.
Proposal 2: SPS HARQ-ACK is deferred until a next (e.g., first) available PUCCH only when it collides with semi-statically configured DL symbol or SSB symbol.

Proposal 3: The available PUCCH for SPS HARQ-ACK deferring is consist of at least semi-static uplink symbol(s).
Proposal 4: Reuse the Rel-15/Rel-16 mechanism for SPS HARQ-ACK feedback to multiplex the deferred SPS HARQ-ACK with other HARQ-ACK and determine the PUCCH resource.
Proposal 5: When a PUCCH HARQ-ACK codebook only contains HARQ-ACK for SPS PDSCH, and all of the HARQ-ACK for these SPS PDSCH are going to be NACK, the UE does not send the PUCCH.
Proposal 6: Support sub-slot based PUCCH repetition as well as PUCCH format 0/2 repetition in Rel-17. For PUCCH repetition in multiple sub-slots, the same PUCCH resource (starting symbol, duration and PRB number) is used in each sub-slot.

Proposal 7: Retransmission of cancelled HARQ should be studied with low priority as the use case depends on the outcome of intra UE multiplexing discussion.

Proposal 8: If PUCCH carrier switching is supported in Rel-17, it is switched based on static predefined rules for both dynamically scheduled PDSCH and SPS PDSCH HARQ-ACK feedback.
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For handling of the PUCCH repetitions it is proposed to proceed as follows:


RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.


The following items are not within scope of the continued discussions in the IIoT/URLLC WI:


DMRS-less PUCCH with UCI payload up to 11 bits


PUSCH-repetition-Type-B like PUCCH repetition


DMRS bundling across PUCCH repetitions


PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.


For the UE CSI/HARQ-ACK feedback enhancements in the IIoT/URLLC WI, RAN1 work to continue the discussions. Status to be checked in March if any RAN level guidance needed.


RAN1 to continue discussion on A-CSI on PUCCH, whether to specify or not.
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