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[bookmark: _Ref178064866]This agenda aims to study and specify enhancements to the UE HARQ procedures that further improve system performance in URLLC scenarios. In the first meeting (RAN1#102-e), initial agreements were made mostly classifying potential options for study and specification. In the second WI meeting (RAN1#103-e), additional progress was made by deprioritizing the initially selected alternatives to further focus future discussions.
In RAN1#104-e and RAN1#104bis-e, further progress was made with respect to SPS HARQ-ACK handling, PUCCH repetition, and PUCCH carrier switching.
For RAN1#105-e, the scope is restricted to the following items due to TU staggering with the previous meeting:
	Only to handle topics of PUCCH carrier switching and retransmission of cancelled HARQ 
· No contributions to other topics please


In this document, we continue the discussion on enhancement to UE HARQ-ACK feedback focusing on dynamic carrier switching and dropped HARQ feedback retransmission. Views on other aspects of Rel.17 URLLC/IIOT are presented in [3]-[5].
(SPS) HARQ-ACK Retransmission
The topic of retransmission of cancelled HARQ feedback has gained attention in Rel-17 due to mainly two use cases:
· Dropped/cancelled SPS HARQ-ACK retransmission
· As it is well known, SPS HARQ-ACK is prune to frequent dropping due to both semi-static mapping conflicts as well as dynamic changes in UL-DL directions or gNB-based overriding. The agreed SPS HARQ-ACK deferring mechanism targets to resolve the semi-static part of conflicts while the dynamic part is yet to be resolved, where a retransmission mechanism fits quite well
· Cancelled dynamic HARQ-ACK retransmission
· In general, there are multiple situations besides SPS HARQ-ACK where even the dynamic HARQ-ACK can be dropped, e.g. when colliding with higher priority PUxCH, or when overlapping with UL CI (Cancellation Indication). A generic mechanism of retransmission optimized for URLLC-like use cases, i.e. with optimized payload and triggering mechanism is still missing from specifications.

Observation 1
· SPS HARQ-ACK deferring on its own could not handle SPS HARQ-ACK dropping caused by dynamic conflicts, e.g. with dynamic change of UL-DL direction, and thus retransmission techniques need to be additionally considered
· HARQ feedback retransmission is beneficial for generic dynamic HARQ-ACK dropping handling

As per prior discussion on this topic, the following mechanisms have been identified as proposed solutions to enable HARQ feedback retransmission:
· Mechanism 1: Retransmission of a dropped HARQ-ACK using enhanced Type 3 HARQ codebook
· This option utilizes the Rel-16 Type 3 CB as a basis, however, assumes its size and construction needs optimization for specific URLLC scenarios.
· Mechanism 2: Retransmission of a dropped HARQ-ACK using regular HARQ codebooks, including eType2
· This option assumes there could be indication that a previously dropped HARQ feedback(s) needs to be retransmitted. The resources for retransmission are provided explicitly or implicitly.

In the following sub-sections, the two aforementioned mechanisms are discussedin details.

Enhanced Type 3 HARQ-ACK codebook
Enhanced Type 3 HARQ-ACK codebook has been discussed several meetings in a row without making any further progress, and many argumentations have been raised. For example, it was argued that retransmission of dropped HARQ-ACK using Type 3 codebook (CB) is already possible, w/o optimizations, subject to gNB and UE capabilities. In our view, Type 3 CB is currently unusable for URLLC use cases due to the CB size, and no priority considerations. Therefore, additional work is required for Type 3 CB optimization to enable efficient HARQ feedback retransmissions.
To begin with, without going to the details of the enhanced Type 3 CB design, we believe it is important to agree on the overall direction that RAN1 should pursue and then strive for all the related details:

Proposal 1-1
· Support enhanced Type 3 CB with a smaller size comparing to Release 16 Type 3 CB
· Switching between Release 16 and Release 17 Type 3 CBs is based on RRC configuration

Another issue is how the enhanced Type 3 CB is triggered. Obviously, the Rel-16 design should be reused as much as possible, and only necessary deviations would be acceptable. Having this in mind, the “One-shot HARQ-ACK request” field in DCI is expected to be reused from regular Type 3 CB, and both options of DCI scheduling PDSCH and DCI not scheduling PDSCH (with FDRA field set to reserved values) should be supported.

Proposal 1-2
· Support triggering of enhanced Type 3 CB transmission by both
· DCI scheduling other PDSCH
· DCI not scheduling other PDSCH

One main design question of the enhanced Type (eType) 3 CB is whether the payload size and mapping is dependent only on RRC configuration, or also dependent on dynamic conditions or indication in the DCI. In our view, semi-static reduction of the payload size is helpful, but is less usable comparing to more intelligent dynamic CB construction rules which can transform it in a desirable shape without loss of flexibility, but at cost of additional DCI overhead.
Nevertheless, it is important to understand which dimensioning parameters are inputted semi-statically through RRC and which are dynamically indicated in DCI. In Table 1 below, we analyse potential combinations.

[bookmark: _Ref71540626]Table 1. RRC or DCI based enhanced Type 3 CB construction parameters
	
	RRC-based switching/configuration
	DCI-based switching/configuration

	SPS or
non-SPS or
SPS + non-SPS

	Yes
If the eType3CB is used for SPS HARQ-ACK only, then it could be semi-statically associated with SPS HARQ-ACK. The maximum number of HARQ processes could be derived from SPS configurations.
	Potentially Yes
If the eType3CB is used to restore dynamic feedbacks, then distinguishing SPS vs non-SPS HARQ processes in DCI provides the desired possibility to trigger the more relevant sub-set of HARQ processes for retransmission.

	Configured carriers or
Activated carriers or
Sub-set of activated carriers
	Yes
The operation over activated carriers does not limit the flexibility and could be adopted directly. It could be either a fixed assumption for eType3CB, or could be configurable through RRC.
	Rather No
The utilization of carriers is usually planned by gNB in longer term manner, thus the flexibility of DCI signalling may not bring much benefits

	HP or
LP or
HP&LP
	Yes/No
Implicitly, the presence of priority indication in DCI already impacts the eType3CB construction
	Yes/No
It is uncertain how many HARQ processes are of LP or HP due to missed DCI. A more general mechanism, e.g. of grouping HARQ processes, may be needed to avoid these issues.

	Other grouping, e.g. in a time window
	Since for URLLC use cases the relevance of the HARQ feedback may expire quickly due to the tight latency constraints, additional filtering of actual HARQ-ACK feedbacks may be needed.



A potentially generalized mechanism of RRC + DCI configuration may be introduced, with RRC providing a table of attributes for Type 3 CB construction and DCI indicating the index to the table.
From the analysis above, the following proposal is made.

Proposal 1-3
· Support combination of RRC configuration and triggering DCI content for constructing enhanced Type 3 CB, i.e. support multiple Type 3 CB sizes
· The different CB sizes are resulted from different assumption on
· cells to be reported
· SPS-only or all HARQ processes
· priority
· etc.

As for the priority indication, as discussed in Table 1, there is potential issue of reusing the priority fields in DCI for eType 3 CB construction, since the priority in DCI characterizes the PDSCH and the corresponding HARQ feedback. Reusing it for both eType 3 CB and for scheduled PDSCH/HARQ-ACK does not make much sense. In that case, the priority-based eType 3 CB may be either triggered only by DCI not scheduling PDSCH, or by other dynamic indication means.
There is also an issue of determining the subset of HARQ processes for a given priority, since a UE may not know the total number of HARQ processes of a given priority due to missed DCI. From that perspective, a mechanism to simply report a subset of HARQ processes w/o priority consideration may work as good as a complicated procedure of counting HARQ processes per priority.
Based on the analysis above, the following is proposed:

Proposal 1-4
· Support enhanced Type 3 CB construction from a subset of HARQ processes based dynamic indication in DCI triggering the enhanced Type 3 CB
· The sub-set may comprise of the HARQ processes belonging to one or both priorities, if priority field in DCI is present, FFS details

To indicate SPS vs non-SPS processes, either semi-static RRC configuration or dynamic switching is possible. In case only SPS processes are reported, the maximum CB size is determined from analysis the configured or activated SPS configurations, which are provided with maximum number of HARQ processes per configuration and the HARQ process ID.

Retransmission of a dropped HARQ-ACK using regular HARQ codebooks
Another mechanism for performing HARQ-ACK retransmissions is to focus on retransmission of dropped HARQ-ACK only, i.e. with the main difference to eType 3 CB that the HARQ processes for retransmission are not explicitly indicated, rather determined based on dropping events.
Although it is not our preference, we provide some important details for consideration which need to be resolved if this option is pursued by the group.
How to trigger the retransmission of PUCCH with dropped HARQ:
· Alt.1 – Using a DL assignment sent later than the DCI scheduling the dropped HARQ-ACK
· This alternative relies on possibility of re-using the DL assignment signalling for this purpose, since it already contains PUCCH resource, K1, HARQ process ID, NDI, etc.
· Alt.2 – Using an UL grant sent later than the DCI scheduling the dropped HARQ-ACK
· This alternative relies on possibility of re-using the UL grant signalling for this purpose, since it contains information about PUSCH resource allocation which can be used for
· Alt.3 – Using the same DCI as scheduling the dropped HARQ-ACK
· This alternative does not require another DCI, since the “substitute” PUCCH resource is provided directly with the original scheduling DCI.
Among the above alternatives, our preference is to explore the possibility of Alt.3, since it does not require another DCI, and could be realized with a minor additional signalling in the DCI scheduling original PDSCH / HARQ-ACK.
To realize Alt.3, the DCI scheduling PDSCH needs to carry an additional PRI_new + K1_new combination for a substitute PUCCH resource. The signalling space of PRI_new + K1_new does not need to be large, i.e. may have fewer combinations than for the original PUCCH, and K1_new can be made relative to the original K1. In extreme case, the original PRI indication can be reused.

Proposal 1-5
· If supported, the one-shot triggering of dropped HARQ feedback retransmission is indicated in the DCI scheduling PDSCH for which UCI carrying HARQ feedback may be subject to dropping
· A substitute PUCCH resource is provided together with the original PUCCH resource, and is used whenever the original PUCCH resource is dropped, FFS details

PUCCH Carrier Switching
Agreements:
	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 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


Overall, the issue of PUCCH carrier switching was discussed in previous releases. The potential benefits are unclear for regular eMBB use cases, and for typical TDD UL-DL configurations. However, there could be potential benefits when UL-DL configurations are different on different carriers, and a faster HARQ feedback is essential for efficient operation.
From the discussion in the last meeting, it seems necessary to split the considerations for dynamically triggered HARQ-ACK and for configured HARQ-ACK (i.e. SPS HARQ-ACK), since those may in general require different handling.
Configured PUCCH
For the configured PUCCH it is not possible to apply relevant DCI-based indication. There are some proposals to use the latest DCI for that, but the ambiguity in this case is much more dangerous than in other missed DCI cases since affects multiple PUCCH transmissions, not just one.
From that perspective, for configured PUCCH the feasible options are limited to the following:
· Fixed carrier. One solution may be to fix the carrier for SPS HARQ-ACK semi-statically, and e.g. restrict the multiplexing with dynamic PUCCH to the same carrier only. This however diminishes the benefits of the overall dynamic switch mechanism, and thus not preferred as a solution.
· Rule-based switching. The semi-static rules, such as e.g. if a UE cannot map a PUCCH in one carrier it switches to another carrier, can only solve the issue partially, i.e. transmit PUCCH faster in some cases. However, this does not provide any carrier load balancing mechanism, and the semi-statically assigned PUCCH will more be loaded in average. Furthermore, it is expected that multiplexing rules definition in this case will be quite complicated.
· Time-pattern. This option is attractive since provides both the load balancing benefit and the faster feedback, since in semi-static UL-DL configuration settings the optimal carrier for PUCCH in response to a given SPS PDSCH may be calculated.
From the above analysis, the time-pattern option is preferred. Furthermore, this may lead to a unified option for the dynamic PDSCH scheduling.

Proposal 2-1
· If dynamic PUCCH carrier switching is supported, for PUCCH carrying HARQ feedback for SPS PDSCH, support RRC configuration of a time pattern indicating which carrier is used for PUCCH mapping when SPS PDSCH is received in that time slot indicated by the pattern

Dynamic PUCCH
From the discussion on configured PUCCH, the time pattern approach does seem to be a good alternative for the dynamic PUCCH as well.
In addition, the DCI-based switching option is still a valid and flexible solution and should be considered. We view this as our first preference, while the time-pattern option is attractive due to unified design with the configured PUCCH handling.
As for the sub-carrier spacing, we don’t see critical issues with supporting different SCS on PUCCH carrier, thus suggest supporting it whenever the dynamic switching gets agreed.

Proposal 2-2
· If dynamic PUCCH carrier switching is supported, for PUCCH carrying HARQ feedback for dynamic PDSCH, down select between
· (1st preference) Dynamic indication of PUCCH carrier in DCI
· (2nd preference) RRC configuration of a time pattern indicating which carrier is used for PUCCH mapping when a DCI is received in that time slot indicated by the pattern

Proposal 2-3
· If dynamic PUCCH carrier switching is supported, allow different sub-carrier spacing between PUCCH cells which are subject to switching, FFS details

Conclusions
In this contribution the UE HARQ feedback enhancements targeting URLLC/IIOT scenarios in Release 17 have been presented. Based on analysis and discussion, the following observations and proposals have been made:

Proposal 1-1
· Support enhanced Type 3 CB with a smaller size comparing to Release 16 Type 3 CB
· Switching between Release 16 and Release 17 Type 3 CBs is based on RRC configuration
Proposal 1-2
· Support triggering of enhanced Type 3 CB transmission by both
· DCI scheduling other PDSCH
· DCI not scheduling other PDSCH
Proposal 1-3
· Support combination of RRC configuration and triggering DCI content for constructing enhanced Type 3 CB, i.e. support multiple Type 3 CB sizes
· The different CB sizes are resulted from different assumption on
· cells to be reported
· SPS-only or all HARQ processes
· priority
· etc.
Proposal 1-4
· Support enhanced Type 3 CB construction from a subset of HARQ processes based dynamic indication in DCI triggering the enhanced Type 3 CB
· The sub-set may comprise of the HARQ processes belonging to one or both priorities, if priority field in DCI is present, FFS details
Proposal 1-5
· If supported, the one-shot triggering of dropped HARQ feedback retransmission is indicated in the DCI scheduling PDSCH for which UCI carrying HARQ feedback may be subject to dropping
· A substitute PUCCH resource is provided together with the original PUCCH resource, and is used whenever the original PUCCH resource is dropped, FFS details
Proposal 2-1
· If dynamic PUCCH carrier switching is supported, for PUCCH carrying HARQ feedback for SPS PDSCH, support RRC configuration of a time pattern indicating which carrier is used for PUCCH mapping when SPS PDSCH is received in that time slot indicated by the pattern
Proposal 2-2
· If dynamic PUCCH carrier switching is supported, for PUCCH carrying HARQ feedback for dynamic PDSCH, down select between
· (1st preference) Dynamic indication of PUCCH carrier in DCI
· (2nd preference) RRC configuration of a time pattern indicating which carrier is used for PUCCH mapping when a DCI is received in that time slot indicated by the pattern
Proposal 2-3
· If dynamic PUCCH carrier switching is supported, allow different sub-carrier spacing between PUCCH cells which are subject to switching, FFS details
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