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According to the revised new WID on NR coverage enhancements was approved [1], one objective of the WID is to specify enhancements for PUCCH for both FR1 and FR2 as well as TDD and FDD. The detail objectives for PUCCH enhancements are as follows:
	· 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


And in the RAN1 106-emeeting, agreements for PUCCH enhencements were as follows:
	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.


In this contribution, we provide our views on remaining issues of enhancements for PUCCH.
Dynamic PUCCH repetition factor indication
Scope of dynamic PUCCH repetition factor indicator
In the last RAN1 meeting, support of dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH was precluded. But it is FFS whether or not to support dynamic PUCCH repetition factor indication for HARQ-ACK for SPS PDSCH. 
Based on our understanding, for the PUCCH transmission of HARQ-ACK for SPS PDSCH, two PUCCH resources may are be used, i.e., one PUCCH for the first PUCCH transmission indicated by activation DCI for the first SPS PDSCH, and another PUCCH for the remaining PUCCH transmissions provided by SPS-PUCCH-AN-List or n1PUCCH-AN for the remaining SPS PDSCH transmissions. Therefore, dynamic PUCCH repetition factor indication for the HARQ-ACK for the first SPS PDSCH is natrallycan be naturally supported based on current agreements. And fFor the SPS PDSCH transmission other than the first one, there is no dynamic signalling available, i.e., dynamic PUCCH repetition factor indication seems impossible. Therefore, we have the following proposal.
But if the term “SPS PDSCH” here refers to the SPS PDSCH transmission other than the first one activated by a DCI, we propose not to support dynamic PUCCH repetition factor indication for HARQ-ACK for SPS PDSCH.
Proposal 1: Dynamic PUCCH repetition factor indication is supported for HARQ-ACK for the first SPS PDSCH with associated with the activation DCI, while not supported for HARQ-ACK for the remainging SPS PDSCHs other than the first SPS PDSCH,on PUCCH is not supported in Rel-17.
· Note: the SPS PDSCH here refers to the SPS PDSCH transmission othet than the first one.
Another issue regarding dynamic PUCCH repetition factor indication is about the applicability of PUCCH formats. PUCCH repetition is only supported for PUCCH format 1/3/4 in Rel-15/16, and it is additionally supported for PUCCH format 0 and 2 in Rel-17 URLLC/IIOT WI, where dynamic repetition indication is also supported. In our view, since it seems no difference for support dynamic repetition indication for different PUCCH formats, we think the agreed approach in this agenda should apply to all PUCCH formats.
Proposal 2: Support dynamic PUCCH repetition factor indication for all PUCCH formats. 

Dynamic PUCCH repetition factor indicator (RRC parameter related)
The following working assumption was confirmed in the last RAN1 emeeting:
	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



After the RAN1 #106 e-meeting, there was an email discussion on the RRC configuration for NR coverage. Regarding the dynamic PUCCH repetition factor indicator, majority view is that the parent IE of PUCCH repetition factor indicator should be PUCCH-Resource instead of PUCCH-ResourceSet. We have same view as the majority. 
Proposal 3: The new repetition parameter is configured per PUCCH resource and the parent IE should be PUCCH-Resource.
DMRS bundling
Time domain window and signaling mechanism (RRC parameter related)
In RAN plenary #91-e, it was concluded that joint channel estimation for PUCCH should be based on similar mechanism(s) for enabling joint channel estimation for PUSCH when applicable. And the following agreement was achieved in RAN1 #105-e.
	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. 



In RAN1 #106 e-meeting, the design of the time domain window for PUSCH with DMRS bundling had been extensively discussed and a working assumption had been achieved. We think the design principle can also be applied for PUCCH. 
Proposal 4: Time domain window design for DMRS bundling for PUSCH also applies to DMRS bundling for PUCCH. 
According to the agreement in RAN1#106-e meeting, joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE. So, only one IE (i.e. PUSCH-TimeDomainWindowLength) should be sufficient to indicate both the enabling of JCE and the length of configured TDW, and no need to introduce new IE PUSCH-DMRS-Bundling. Similar approach can be applied to PUCCH with a separate RRC parameter. Therefore, we have the following proposal. 
Proposal 5: Only introduce one IE (i.e. PUCCH-TimeDomainWindowLength) to indicate both the enabling of DMRS bundling and the length of configured TDW for DMRS bundling of PUCCH transmissions.. 
Different from PUSCH, there is an issue about how the RRC configuration should be configured.  
· Option 1: per UE
· Option 2: per UL BWP
· Option 3: per PUCCH resource format
· Option 4: per PUCCH resource
If DMRS bundling of PUSCH repetition doesn’t require different RRC configurations depending on different scheduling, we don’t see the motivation for configuration per PUCCH resource. And we don’t figure out the motivation for per PUCCH resource format configuration. Considering the PUCCH-config is configured per UL BWP, we are OK that the DMRS bundling is configured in PUCCH-config and per UL BWP configured.
Proposal 6: The DMRS bundling with PUCCH repetitions is configured per UL BWP by RRC. 
Regarding the signaling mechanisms, there was a discussion on whether additional dynamic signaling is needed to enable/disable PUCCH/PUSCH repetitions with DMRS bundling. As we don’t see clear motivation for such dynamic enabling, we have the following proposal.
Proposal 7: Dynamic signaling to enable/disable DMRS bundling for PUCCH or PUSCH repetitions is NOT supported in Rel-17.  

Inter-slot frequency hopping with inter-slot DMRS bundling 
Regarding inter-slot frequency hopping with inter-slot DMRS bundling, the following proposal was proposed in RAN1#105-e by FL but no agreement was reached.
	FL Proposal 3: For inter slot frequency hopping with DMRS bundling, all PUCCH repetitions in a frequency hopping duration (similar to the time domain hopping interval defined for PUSCH repetition) belong to the same frequency hop. 
· The frequency hopping duration equals to the size of time domain window where power consistency and phase coherency can be maintained.



In our previous contribution [2], different hopping patterns were evaluated and simulation results showed that inter-slot frequency hopping with inter-slot DMRS bundling achieved the best performance at the target BLER. Regarding the detail designs for inter-slot frequency hopping with inter-slot DMRS bundling, the following questions should be considered first.
[bookmark: _Hlk79851308]Question 1: how to determine the bundle size (time domain hopping interval) for PUCCH/PUSCH
Question 2: whether the bundle size (time domain hopping interval) equals to the size of time domain window
Question 3: What is the interaction between the determination of time domain hopping interval and the determination of time domain window for DMRS bundling? In other words, when the two features, DMRS bundling and frequency hopping, are enabled simultaneously, a UE should determine the hopping intervals first or determine the window(s) for DMRS bundling first?
In our companion contribution [3], similar issues for DMRS bundling for PUSCH are discussed, including how to determine the inter-slot bundling size and how to determine the inter-slot bundling pattern for TDD operation. Given it has agreed that RAN1 shall strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible, we prefer to further discuss the details for PUCCH after a better progress made for PUSCH. \
Proposal 8: RAN1 further discusses the details for PUCCH after a better progress made for PUSCH regarding the following aspects. 
· Determination of the inter-slot bundling size. 
· Determination of the inter-slot bundling pattern for TDD operation.
· Interaction between the determination of time domain hopping interval and the determination of time domain window for DMRS bundling 

[bookmark: _GoBack]Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: Dynamic PUCCH repetition indication is supported for HARQ-ACK for the first SPS PDSCH with associated with the activation DCI, while not supported for HARQ-ACK for the remainging SPS PDSCHs other than the first SPS PDSCH,Proposal 1: Dynamic PUCCH repetition factor indication for HARQ-ACK for SPS PDSCH on PUCCH is not supported in Rel-17.
· Note: the SPS PDSCH here refers to the SPS PDSCH transmission othet than the first one.

Proposal 2: Support dynamic PUCCH repetition factor indication for all PUCCH formats. 
Proposal 3: The new repetition parameter is configured per PUCCH resource and the parent IE should be in PUCCH-Resource.
Proposal 4: Time domain window design for DMRS bundling for PUSCH also applies to DMRS bundling for PUCCH. 
Proposal 5: Only introduce one IE (i.e. PUCCH-TimeDomainWindowLength) to indicate both the enabling of DMRS bundling and the length of configured TDW for DMRS bundling of PUCCH transmissions.. 
Proposal 6: The DMRS bundling with PUCCH repetitions is configured per UL BWP by RRC. 
Proposal 7: Dynamic signaling to enable/disable DMRS bundling for PUCCH or PUSCH repetitions is NOT supported in Rel-17.  
Proposal 8: RAN1 further discusses the details for PUCCH after a better progress made for PUSCH regarding the following aspects. 
· Determination of the inter-slot bundling size. 
· Determination of the inter-slot bundling pattern for TDD operation.
· Interaction between the determination of time domain hopping interval and the determination of time domain window for DMRS bundling 
Reference
3GPP RAN#91-e, RP-210855, Revised WID on NR coverage enhancements, China Telecom.
3GPP RAN1#106-e, R1-2106742, “Discussion on PUCCH coverage enhancements”, ZTE.
3GPP RAN1#106b-e, R1-2108847, “Discussion on joint channel estimation for PUSCH”, ZTE.



3/7
