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Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· 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]
As described in the WID, two main features are introduced for PUCCH coverage enhancements in Rel-17: the support of dynamic PUCCH repetition factor indication and the support of DM-RS bundling (or joint channel estimation) across PUCCH repetitions. This document expresses our views on these two features, stemming from agreement in RAN1 #105-e.
Discussion
Dynamic PUCCH repetition factor indication
In RAN1 #105-e, the following working assumption was agreed regarding the dynamic indication of the PUCCH repetition factor:
	[bookmark: _Hlk76635290]Working assumption: In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication.
· [bookmark: _Hlk76636923]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



As a first consideration, we support and would like to confirm the agreed working assumption. Considering that the PUCCH resource sets are configured per UE, gNB can tailor the number of repetitions for each PUCCH resource based on channel conditions of the specific UE. For example, for a UE at low SNR conditions, gNB could configure a set of PUCCH resources with large numbers of repetitions.
Proposal 1. Confirm working assumption on dynamic PUCCH repetition factor indication
From RAN1 #105-e an FFS point on RRC signaling enhancement details is left open for further discussion. Details on integration of dynamic repetition factor per PUCCH resource should be left to RAN2. However, a technical implication of such integration has relevant RAN1 impact. Consider, for instance, Figure 1 and Figure 2, where an example implementation for configuring PUCCH repetition factor per PUCCH resource and the current per-format PUCCH repetition factor configuration via the parameter nrofSlots in PUCCH-FormatConfig IE, respectively, are provided. The latter configuration, in particular, applies to PUCCH formats 1,3 and 4. 
[image: ]
[bookmark: _Ref76636869]Figure 1. RRC configuration details for PUCCH dynamic repetition factor
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[bookmark: _Ref76635079][bookmark: _Ref78192511]Figure 2. Configuration of per-format PUCCH repetition factor as per TS 38.331

In this context, in case the Rel-17 parameter repetitionFactor is configured for a specific PUCCH resource, ambiguity may exist at the UE on which repetition factor to apply for the PUCCH, since the Rel-15/16 parameter nrofSlots (in PUCCH-FormatConfig) is also configured and applies per PUCCH format. Conversely, in case the parameter repetitionFactor is not configured per PUCCH resource, no ambiguity exists and UE uses the repetition factor indicated by nrofSlots, if applicable.
In our view, this interaction between the two RRC configured repetition factors necessitates further discussion in RAN1 (similarly, as discussed for PUSCH repetition in Rel-16 URLLC), and a specific UE behavior needs to be specified.
Along these lines, our proposal is that for interaction between the RRC configured repetition factor nrofSlots and the dynamically indicated repetition factor for PUCCH, the following procedure applies:
· For a PUCCH format 1, 3 and 4 with associated scheduling DCI, the dynamically indicated PUCCH repetition factor (if configured) applies and overrides the RRC configured repetition factor nrofSlots.
· For a PUCCH format 1, 3 and 4 without associated scheduling DCI, the RRC configured repetition factor nrofSlots applies.

Proposal 2. For interaction between the RRC configured repetition factor nrofSlots and the dynamically indicated repetition factor for PUCCH, the following procedure applies:
· For a PUCCH format 1, 3 and 4 with associated scheduling DCI, the dynamically indicated PUCCH repetition factor (if configured) applies and overrides the RRC configured repetition factor nrofSlots.
· For a PUCCH format 1, 3 and 4 without associated scheduling DCI, the RRC configured repetition factor nrofSlots applies.

[bookmark: _Ref71021748]DMRS bundling across PUCCH repetitions
In RAN1 #104-e, the following agreements on DMRS bundling across PUCCH repetitions were made:
	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




In RAN1 #105-e no progress was made on the first two FFS bullets of the agreement in RAN1 #104-e, for which we present our views in the following.
The configuration is per UE or per PUCCH resource
Based on the discussion in RAN1 #104-e, two options are left open for configuration of DMRS bundling: per UE configuration or per PUCCH resource configuration.
The idea behind configuring DMRS bundling per PUCCH resource is for the network to be able to dynamically activate or deactivate the DMRS bundling feature by selecting a specific PUCCH resource through the PRI field in the scheduling DCI. This additional flexibility is however not entirely justified in our view since we see no disadvantage for a UE to have the DMRS bundling constantly activated each time PUCCH repetitions are scheduled. Although it could be argued that such bundling may only bring negligible gains in case of high SNR conditions, it should additionally be noted that the UE is not expected to be scheduled with PUCCH repetitions in such high SNR conditions, such that the issue would not exist. 
For this reason, we believe that we can save the additional burden on the configuration of DMRS bundling per single PUCCH resource and that configuration of DMRS bundling per UE is sufficient. Such configuration would finally be based on UE capability (Rel-17 UE).
[bookmark: _Ref71108019]Proposal 3. The configuration of DMRS bundling is per UE and subject to UE capability.
Whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling
The need for dynamic activation of DMRS bundling is still under discussion in RAN1, and it is strictly related to the discussion on dynamic indication of repetition factor and whether the DMRS bundling configuration should be per UE or per PUCCH resource.
As also described in the previous paragraph, we do not see the need for dynamic activation or deactivation of PUCCH repetitions with DMRS bundling. There is, in our view, no disadvantage in keeping DMRS bundling always activated and exploit it every time gNB selects a PUCCH resource with repetitions. In addition, and if necessary, gNB is always able to break the phase continuity condition and avoid excessive impact to UE throughput and performance. For example, if a UE has heavy DL/UL traffic, the network can always schedule the UE to receive/transmit in between PUCCH repetitions, implicitly deactivating the phase continuity (DMRS bundling) condition.
[bookmark: _Ref71108023]Proposal 4. Do not introduce additional dynamic signalling to enable/disable PUCCH repetitions with DMRS bundling.

Time domain window for PUCCH repetitions
In RAN1 #105-e, the following agreement was reached on the time domain window for DMRS bundling across PUCCH repetitions:
	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.



Based on the agreement, RAN1 is expected to strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. Considering also that the discussion on time domain window for PUSCH repetitions is at an advanced stage, it would be beneficial for RAN1 to focus on defining the time domain window for PUSCH repetitions and adopt the same design, with due modifications if applicable, for PUCCH repetitions once finalized. Our views on time domain window definition for PUSCH (and PUCCH) repetitions are detailed in our companion contribution [3].

Conclusion
In this contribution, we expressed our views on dynamic PUCCH repetition factor indication and DM-RS bundling across PUCCH repetitions.
We made the following proposals:
Proposal 1. Confirm working assumption on dynamic PUCCH repetition factor indication
Proposal 2. For interaction between the RRC configured repetition factor nrofSlots and the dynamically indicated repetition factor for PUCCH, the following procedure applies:
· For a PUCCH format 1, 3 and 4 with associated scheduling DCI, the dynamically indicated PUCCH repetition factor (if configured) applies and overrides the RRC configured repetition factor nrofSlots.
· For a PUCCH format 1, 3 and 4 without associated scheduling DCI, the RRC configured repetition factor nrofSlots applies.

Proposal 3. The configuration of DMRS bundling is per UE and subject to UE capability.
Proposal 4. Do not introduce additional dynamic signalling to enable/disable PUCCH repetitions with DMRS bundling.
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