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Introduction
RAN #91e agreed on enhancements for extending coverage of PUCCH [1] by dynamic indication of PUCCH repetition factor and DMRS bundling across PUCCH repetitions. 
	· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH



Agreements made in RAN1-104-e, RAN1-105-e, and RAN1-106-e are included in the appendix.
We now present our views on enhancement techniques that are currently under discussion for PUCCH.
Dynamic Indication of PUCCH Repetition Factor
A main concern about enhancing RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource is that the total number of PUCCH resources may be not enough and this approach may reduce flexibility of gNB for selecting the PUCCH resource. To address this concern, we can increase the total number of PUCCH resources and use other parameters (in addition to PRI and starting CCE index) to indicate the PUCCH resource.
[bookmark: _Hlk79057964]Proposal 1: Also using other properties of PDCCH (e.g. PDCCH aggregation level), in addition to PRI and starting CCE index, to indicate the PUCCH resource.
The above approach supports dynamic indication by the DCI that schedules associated PDSCH (for PUCCH carrying Ack/Nack). However, it is also useful to have dynamic indication of PUCCH repetition factor for other PUCCH (e.g., PUCCH carrying Ack/Nack for SPS). Also, in some scenarios, the channel condition (or the interference) that causes the need for PUCCH repetition may persist for a while. In this case, semi-persistent indication of PUCCH repetition factor can be useful.
Proposal 2: Support applying dynamically indicated PUCCH repetition factor to PUCCH carrying Ack/Nack for SPS 
· FFS details, e.g. it can be implicitly indicated based on configuration of PUCCH resource for each PUCCH, or by switching of associated PUCCH resources, implicitly based on the dynamic indication via PDCCH
· FFS the required configuration changes
· FFS the expiry of the repetition factor for other PUCCH (or whether it should be applied in a semi-persistent manner).
When we have dynamic indication of PUCCH repetition factor, it would be also useful to have dynamic indication of frequency hopping (instead of having it semi-statically configured per PUCCH format). This dynamic indication of frequency hopping for PUCCH repetitions can follow the same mechanism of dynamic indication of PUCCH repetition factor, i.e. by using configuration of frequency hopping per PUCCH resource (together with dynamic indication of PUCCH resource).
Proposal 3: Support enhancing RRC signaling to allow dynamic indication of frequency hopping for PUCCH repetition via indication of PUCCH resource.
In some scenarios (e.g., some scenarios in FR2), the quality of the channel may be dependent on the beam and it may be useful to assign different repetition factors for different beams. In this case, it is useful if dynamic indication of the beam (i.e., the beam switching command) can implicitly change the de facto PUCCH repetition factor, without any extra indication. 
Proposal 4: Support implicit indication of PUCCH repetition factor based on beam selection.
DMRS Bundling across PUCCH Repetitions
[bookmark: _Hlk23927392]Use Cases
In an LS to RAN4 [2], RAN1 provided the following use cases and some consideration on prioritization:
	For PUCCH repetitions, the following use cases are considered in RAN1. Among the following cases, RAN1 suggest RAN4 to prioritize the study on use case 3, 4a, 4b, and 5b for PUCCH repetitions. 
Ÿ   Use case 1: back-to-back PUCCH repetitions within one slot.
�   Use case 2: non-back-to-back PUCCH repetitions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 
�   Use case 3: back-to-back PUCCH repetitions across consecutive slots.
�   Use case 4: non-back-to-back PUCCH repetitions across consecutive slots.
‐   Use 4a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use 4b: other uplink transmissions in the middle of two PUCCH repetitions 
�   Use case 5: PUCCH repetitions across non-consecutive slots.
‐   Use case 5a: no uplink transmission in the middle of two PUCCH repetitions
‐   Use case 5b: other uplink transmissions in the middle of two PUCCH repetitions
Note: RAN1 assumes “back-to-back PUCCH repetitions” has zero gap in-between adjacent PUCCH repetitions.
Note: intervening “other uplink transmissions” can be either on the same component carrier or a different component carrier. 



In RAN1-105-e, the following conclusion was made regarding use cases:
	Conclusion: For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling
Ÿ   Use case 1: back-to-back PUCCH repetitions within one slot.
Ÿ   Use case 2: non-back-to-back PUCCH repetitions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 




In RAN1-106-e, the following cases were prioritized:
	Agreement
· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.




We do not see the need to further include any further use cases and clarity on the allowed use cases is required since RRC parameter and UE feature discussions are starting from this meeting. We hence make the following proposal:
Proposal 5: RAN1 to confirm that use cases 3 and 4a are the only two use cases for PUCCH DMRS bundling. 
Time Domain Window for DMRS Bundling
In the last meeting, under sub-agenda 8.8.1.1, a detailed procedure for identifying the locations of time domain windows and how to handle dynamic events that violate RAN4 requirements for phase continuity and power consistency was agreed upon. Several open issues exist and are likely to be further discussed in this meeting. Once this procedure is stabilized we suggest that it be extended to PUCCH DMRS bundling as well. 
Proposal 6: For PUCCH DMRS bundling, reuse the procedure to determine time domain windows (TDWs) developed for PUSCH DMRS bundling.
Due to the differences in the number and span of PUCCH repetitions across different PUCCH resources, it is preferred to configure parameters for DMRS bundling for each PUCCH resource. We make the following proposal in this regard:
Proposal 7: Subject to the prerequisites of DMRS bundling for PUCCH repetitions, when configuring PUCCH repetitions with DMRS bundling, the DMRS bundling configuration is specified per PUCCH resource.
Inter-slot frequency hopping
RAN1 104-e made the following agreements and conclusions on inter-slot frequency hopping:
	Agreements: Subject to the prerequisite of DMRS bundling for PUCCH repetitions, enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling. 
· FFS: details in inter-slot frequency hopping pattern enhancement, e.g., additional frequency hopping patterns than Rel-16.
· Strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible

Conclusion: For the study of enhancing inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, at least the following aspects can be considered:
· Performance trade-off between maximizing # consecutive UL slots in one frequency hop (to achieve more DMRS bundling gain) and maximizing # hops (to achieve more diversity gain)
· Note: the maximum # frequency hopping positions is still 2 as in Rel-15/16.
· Interaction between hopping boundary determination and TDD configuration



Inter-slot frequency hopping for legacy PUCCH without DMRS bundling:
[image: ]
[bookmark: _Ref71532912]Figure 1: Example of inter-slot frequency hopping for PUCCH repetitions in R15/16
In R15/16, the inter-slot frequency hop is determined based on the physical slot index. In particular, when a UE is configured with PUCCH repetitions and inter-slot frequency hopping is enabled, the UE is expected to hop based on whether slot index is even or odd, i.e., UE picks hop1 on odd slots and hop2 on even slots as shown in Figure 1. This hopping pattern helps a gNB to easily make scheduling decisions that ensure that the resources get utilized efficiently across UEs without having to worry about issues such as hops of two UEs occupying the same frequency resource. We use this as a motivation to design inter-slot frequency hopping in the context of DMRS bundling.
Inter-slot frequency hopping with DMRS bundling:
[bookmark: _Hlk71027981]Based on RAN4 feedback, all bundled transmissions within a single time domain DMRS bundling window are required to have the same frequency hop index.
We propose the following procedure to describe how inter-slot frequency hopping and DMRS bundling may interact with each other and be enabled at the same time.
For the purposes of DMRS bundling, a gNB may configure a UE with a new frequency hopping pattern. This new frequency pattern defines groups of contiguous physical slots that are assigned to each frequency hop. For example, slots 0 to 3 could be assigned to first hop, slots 4 to 7 could be assigned to second hop, and so on. Note that this a predetermined/static mapping between hops to physical slots. This strives to prioritize frequency hopping and the efficient use of resources over DMRS bundling.
Thus, once a UE determines the set of available slots for a sequence of PUCCH repetitions, it assigns hop indices to each slot that’s available based on the predetermined hopping pattern that it is configured with. Once these two steps are completed, it proceeds to determining the placement of the time domain windows. Hop indices are factored into time domain window locations and two slots with different hop indices are not bundled together.
The three-step procedure can be summarized as follows:
1. Identify available slots for PUCCH repetitions
1. Determine frequency hopping index for each available slot based on the configured hopping pattern for DMRS bundling
1. Determine configured TDWs for DMRS bundling assuming frequency hop allocations made in Step 2. UE ensures that no two slots with different hop indices are bundled together.

The above process is figuratively represented below, where a UE is scheduled to transmit PUCCH with 8 repetitions and a 4-slot hopping pattern. Note that the hopping pattern is decoupled from the start of PUCCH repetitions.

[image: ]
Figure 4 Inter-slot frequency hopping with DMRS bundling
Proposal 8: Consider the following procedure for inter-slot frequency hopping with DMRS bundling:
1. Identify available slots for PUCCH repetitions
2. Determine frequency hopping index for each available slot based on the configured hopping pattern for DMRS bundling
3. Determine configured TDWs for DMRS bundling assuming frequency hop allocations made in Step 2. UE ensures that no two slots with different hop indices are bundled together.

Conclusion 
This document presents our views on dynamic indication of PUCCH repetition factor and DMRS bundling across PUCCH repetitions to extend PUCCH coverage. In particular, we have made the following observations and proposals: 
On dynamic indication of PUCCH repetition factor
Proposal 1: Also using other properties of PDCCH (e.g. PDCCH aggregation level), in addition to PRI and starting CCE index, to indicate the PUCCH resource.
Proposal 2: Support applying dynamically indicated PUCCH repetition factor to PUCCH carrying Ack/Nack for SPS 
· FFS details, e.g. it can be implicitly indicated based on configuration of PUCCH resource for each PUCCH, or by switching of associated PUCCH resources, implicitly based on the dynamic indication via PDCCH
· FFS the required configuration changes
· FFS the expiry of the repetition factor for other PUCCH (or whether it should be applied in a semi-persistent manner).
Proposal 3: Support enhancing RRC signaling to allow dynamic indication of frequency hopping for PUCCH repetition via indication of PUCCH resource.
Proposal 4: Support implicit indication of PUCCH repetition factor based on beam selection.
On DMRS bundling across PUCCH repetitions
Proposal 5: RAN1 to confirm that use cases 3 and 4a are the only two use cases for PUCCH DMRS bundling. 
Proposal 6: For PUCCH DMRS bundling, reuse the procedure to determine time domain windows (TDWs) developed for PUSCH DMRS bundling.
Proposal 7: Subject to the prerequisites of DMRS bundling for PUCCH repetitions, when configuring PUCCH repetitions with DMRS bundling, the DMRS bundling configuration is specified per PUCCH resource.
Proposal 8: Consider the following procedure for inter-slot frequency hopping with DMRS bundling:
1. Identify available slots for PUCCH repetitions
2. Determine frequency hopping index for each available slot based on the configured hopping pattern for DMRS bundling
3. Determine configured TDWs for DMRS bundling assuming frequency hop allocations made in Step 2. UE ensures that no two slots with different hop indices are bundled together.
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Appendix A: Agreements in RAN1 104-e e-meeting

	Agreements: Down select from the following two options to support dynamic PUCCH repetition factor indication.
· Option 1 (without DCI enhancement): Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. PUCCH repetition factor is implicitly indicated by DCI.
· FFS details, e.g., via reusing the “PUCCH resource indicator” field (without increase # bits of it), starting CCE index (when applicable) of DCI,  by PDCCH aggregation level, etc.
· FFS: RRC signaling enhancement details
· Option 2 (with DCI enhancement): PUCCH repetition factor is explicitly indicated by DCI
· e.g., introduce a new field or increase the number of bits of an existing field (e.g., PRI) in DCI for PUCCH repetition factor indication
· FFS whether there is a need for RRC update

Agreements: Subject to the prerequisite of DMRS bundling for PUCCH repetitions, enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling. 
· FFS: details in inter-slot frequency hopping pattern enhancement, e.g., additional frequency hopping patterns than Rel-16.
· Strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible

Agreements:
Subject to the prerequisites of DMRS bundling for PUCCH repetitions, support enabling PUCCH repetitions with DMRS bundling via RRC configuration. 
· FFS: the configuration is per UE or per PUCCH resource. 
· FFS: whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling
· FFS: necessity of additional signaling/configuration of DMRS bundling duration/window and associated size

Conclusion: In Rel-17, deprioritize the study of DMRS pattern/location/granularity optimization for PUCCH coverage enhancement in AI 8.8.2. This conclusion could be revisited after the progress on the study of  DMRS pattern/location/granularity optimization for PUSCH coverage enhancement in AI 8.8.1.3. 
Conclusion: For the study of enhancing inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, at least the following aspects can be considered:
· Performance tradeoff between maximizing # consecutive UL slots in one frequency hop (to achieve more DMRS bundling gain) and maximizing # hops (to achieve more diversity gain)
· Note: the maximum # frequency hopping positions is still 2 as in Rel-15/16
· Interaction between hopping boundary determination and TDD configuration

Conclusion: For the simulations to study the enhancement of inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling, simulation assumptions in 38.830 are reused as a starting point. 
· Note: Additional simulation scenarios/assumptions are not precluded. 



Appendix B: Agreements in RAN1 105-e e-meeting

	Agreement: For DMRS bundling for PUCCH repetitions, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUCCH repetitions subject to power consistency and phase continuity requirements.
· Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. 
Working assumption: In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details

Conclusion: For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling
Ÿ   Use case 1: back-to-back PUCCH repetitions within one slot.
Ÿ   Use case 2: non-back-to-back PUCCH repetitions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 



Appendix C: Agreements in RAN1 106-e e-meeting


	Confirm the following working assumption
Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details

Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 

Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.
 
Agreement
· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.


Agreement
Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.
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