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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 #106-e.
Discussion
Dynamic PUCCH repetition factor indication
In RAN1 #106-e, it was agreed to confirm the working assumption agreed in RAN1 #105-e regarding the dynamic indication of the PUCCH repetition factor:
	Confirm the following working assumption
[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



The confirmed working assumption has however an FFS point on RRC signaling enhancement details, which is left open for further discussion. Such details on integration of dynamic repetition factor per PUCCH resource should be left to RAN2, even though 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.
This interaction between the two RRC configured repetition factors was further discussed in RAN1 #106-e, and the following agreement was reached:
	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.



In our view, a clarification for this agreement is necessary when considering that it may not apply exclusively to the case of a PUCCH with associated scheduling DCI. Indeed, when configuring PUCCH resources for semi-static CSI reporting, the network would refer to the resource index of a PUCCH resource configured in PUCCH-Config. So, if the selected PUCCH resource is characterized by a dynamic repetition factor, the periodic CSI report would be repeated as many times as indicated in the dynamic repetition factor field.
We believe this creates a constraint in terms of configuration of the PUCCH resource for a specific CSI report. Indeed, with the legacy configuration of number of repetitions through the parameter nrofSlots, it is always possible to configure the repetition number independently from the specific PUCCH resource and only based on SNR conditions of the specific UE. Based on the number of bits to transmit and the network load, the network can then select an appropriate PUCCH resource (in the time-frequency grid) for a particular reportQuantity of the CSI report. Conversely, this may not be possible if the agreement above would apply also to PUCCH resources for CSI reporting. The network would indeed be constrained in the allocation of the PUCCH resources for CSI reporting to only the ones having a repetition factor that matches the SNR conditions of the specific UE. This is not desirable from the point of view of configuration of a periodic or semi-persistent CSI report, since correspondent PUCCH resources of several UEs need to be properly fit in the time-frequency grid of the uplink or flexible slots.
Observation 1: overriding nrofSlots with the new repetition parameter in the case the PUCCH resource is associated with a CSI report is not desirable from the point of view of configuration of a periodic or semi-persistent CSI report
In view of these considerations, we propose to extend the above agreement to clarify that in the case the PUCCH resource is associated with a CSI report (or, more generically, the PUCCH resource is not associated with a scheduling DCI) and the PUCCH resource is characterized by a dynamic repetition factor, the new repetition parameter does not override the parameter nrofSlots but rather nrofSlots is used for determining the repetition factor of the specific PUCCH resource.
Proposal 1: in the case a PUCCH resource is not associated with a scheduling DCI (e.g. PUCCH resource associated with CSI report) and the PUCCH resource is characterized by a dynamic repetition factor, the parameter nrofSlots is used for determining the repetition factor of the specific PUCCH resource.
In RAN1 #106-e, it was also agreed the following on the number of PUCCH repetitions:
	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.



A behavior for the case when the network wants to configure and dynamically indicate a PUCCH repetition factor equal to 1 (no repetition) has not been defined. Indeed, at this point, the only way for having a PUCCH resource with repetition factor equal to 1 is to define the PUCCH resource without the new repetition factor parameter and set the field nrofSlots as empty. In our view, this creates strong limitations for example in the cases the UE experiences a successful RRC connection at low SNR, at which point nrofSlots (i.e. 2, 4 or 8 repetitions) was configured and tailored to the specific channel condition, but then starts observing good SNR conditions. In line with the motivations of introducing the dynamic indication of repetition factor for PUCCH, RAN1 should not only consider the cases where the UE worsens its channel conditions but also those cases in which the UE improves its channel conditions, compared to the state during RRC connection. For this reason, we believe that a PUCCH repetition factor equal to 1 should be additionally supported in Rel-17.
Proposal 2: support PUCCH repetition factor equal to 1 in Rel-17
[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 #106-e some progress was made on the first two FFS bullets of the agreement in RAN1 #104-e, but no actual agreement was made as can be noticed from FL summary [4]. 
A relevant excerpt of [4] is reported below:
	FL proposal 6: The granularity of RRC configuration for DMRS bundling across PUCCH repetitions is down selected from the following two options: 
· Option 2: per UL BWP
· Option 3: per PUCCH resource format 

Proposed conclusion 2: Dynamic signaling to enable/disable DMRS bundling for PUCCH or PUSCH repetitions is not supported in Rel-17.  
· Support by: Sharp, CATT, LG, OPPO, Panasonic, Intel, Lenovo/Motorola, Ericsson, Apple, Docomo, Nokia/NSB, Intel, CT, ZTE. 
· Object by: 



RRC configuration for DMRS bundling across PUCCH repetitions
Based on the discussion in RAN1 #106-e, it emerges that many companies support a down-selection of the RRC configuration for DMRS bundling across PUCCH repetitions to either configuration per UL BWP or per PUCCH resource format.
In our view, configuring DMRS bundling per UL BWP (i.e. in the IE PUCCH-Config) is enough and rather straightforward, since the UE specific PUCCH parameters are RRC configured per BWP. This way, the feature will directly apply to all PUCCH resources with repetitions and DMRS for channel estimation. Such configuration would finally be based on UE capability (Rel-17 UE).
[bookmark: _Ref71108019]Proposal 3. The configuration of DMRS bundling across PUCCH repetitions is per UL BWP and subject to UE capability.
Whether additional dynamic signaling is needed to enable/disable DMRS bundling for PUCCH repetitions
We do not see the need for dynamic activation or deactivation of DMRS bundling for PUCCH repetitions. We see no disadvantage in keeping DMRS bundling always activated and exploit it every time gNB selects a PUCCH resource with repetitions, and UE reported support for DMRS bundling capability. In addition, and if necessary, gNB is always able to break the phase continuity condition and avoid excessive impact to UE throughput and performance.
[bookmark: _Ref71108023]Proposal 4. Do not introduce additional dynamic signalling to enable/disable DMRS bundling for PUCCH repetitions.
Discussion on use cases for DMRS bundling
The following agreement was made in RAN1 #106-e regarding the use cases for DMRS bundling:
	Agreement​:
· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.​



The use cases 3 and 4(a) are defined as follows:
· 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

In our view, differently from use case 3, which seems to be targeting repetitions of long PUCCH format spanning the whole slot, further discussion is needed in RAN1 for clear definition of use case 4a. In particular, it is important to discuss and understand the UE behaviour in the case an uplink transmission occurs in between two non-back-to-back PUCCH repetitions. 
Let us take as an example the scenario of Figure 3, where the UE is expected to transmit an UL channel (e.g. periodic CSI report) in between two PUCCH repetitions. This scenario does not comply with the conditions of use case 4a and because of this, the UE would either break phase continuity between rep2 and rep3 for transmission of the UL channel or ignore the UL occasion and keep phase continuity across all 4 repetitions (assuming max duration constraint is fulfilled). 
In this case, to avoid ambiguity between gNB and UE operations, gNB needs to indicate to UE which behaviour to follow across the PUCCH repetitions (i.e. within the time domain window (TDW)) in either a dynamic or semi-static way, before the start of the PUCCH repetitions. For example, and taking the WA on TDW made in RAN1 #106 as a reference, if the UE supports a max duration of the TDW equal to 4 consecutive slots but gNB indicates to UE to transmit other UL channels during the TDW, the UE will break phase continuity after the second repetition and automatically split the TDW is two actual time domain windows of length 2 slots. Conversely, gNB could indicate to ignore any other UL transmission occurring in between the PUCCH repetitions, implicitly instructing the UE to keep phase and power continuity across the whole TDW.
Observation 2: to avoid ambiguity between gNB and UE operations, gNB needs to indicate to UE which behaviour to follow across the PUCCH repetitions (i.e. within the time domain window) for transmission of other UL channels
However, such behaviours (dropping or transmission of the other UL channel) can be regarded as sub-optimal since they would either impact the performance of joint channel estimation or the information available at gNB for the specific UE (e.g. in case the UL transmission carries a periodic CSI report). To ensure system performance does not incur unnecessary loss, one option would be for the UE to dynamically adapt the settings of the other UL transmission to avoid breaking phase continuity and still transmit the UL channel. In our understanding, this would still comply with the conditions of use case 4a where the uplink transmission between two PUCCH repetitions is intended as having different settings than the PUCCH repetitions. Indeed, according to the feedback from RAN4, phase continuity cannot be guaranteed whenever the other UL transmission has at least one different setting than the PUCCH repetitions in terms of antenna port, occupied PRBs and UL power.
[image: ]
[bookmark: _Ref83204851]Figure 3. UL transmission in between two PUCCH repetitions

Adaptation of UL transmission to avoid breaking phase continuity and still transmit the UL channel can be realized by adapting the settings of the other UL transmission to make it the same as the one used for transmitting PUCCH repetitions. This way, this scenario is turned into the case of “other UL transmission” with same settings as PUCCH repetitions, as shown in Figure 4 where a PUCCH with different settings (e.g. semi-statically configured PUCCH) occurs between rep2 and rep3.
 [image: ]
[bookmark: _Ref83810836]Figure 4. An example of adapting the settings of the PUCCH to be the same as PUCCH when the PUCCH is configured with different settings than the PUCCH repetitions.


For the sake of discussion, if we assume that the other UL transmission is a configured PUCCH (as in Figure 3), the most challenging setting is to have the same occupied PRBs between the configured PUCCH and PUCCH repetitions. Indeed, antenna port and UL power can be dynamically controlled by the gNB but the occupied PRBs for the configured PUCCH is semi-statically configured. 
Therefore, a rule needs to be specified to adapt the occupied PRBs of the configured PUCCH to be the same as the ones for PUCCH repetitions. Some specification impacts may be envisioned to apply this option to PUCCH formats 0/1/4, which support only 1 PRB. Conversely, no issue is envisioned for supporting this option for PUCCH formats 2/3 (which support up to 16 PRBs). This does not seem to cause any practically relevant issues for real deployments given that: 
· PF2 and PF3 are arguably the formats for which coverage shortage over the PUCCH of a single UE is expected to occur (for both FR1 and FR2). Indeed, their payload size is larger than what can be transmitted over PF0/PF1. Their relevance is further confirmed by the fact that they are the typical solution to realize a P-CSI report. Relevance of PF4 in this context may be application dependent.    
· A small number of PRBs is expected to be scheduled in coverage shortage situations for PUCCH repetitions.
· Depending on the availability of the REs within the occupied PRBs of PUCCH repetitions, the gNB should be able to indicate to the UE whether this option can be adopted or not.  
 
From the above analysis, we propose the following: 

Proposal 5. For non-back-to-back PUCCH transmissions, in case the other UL transmission in between two successive PUCCH repetitions has different settings than PUCCH, the gNB indicates one of the following options to the UE: 
· Option 1: Drop the other UL transmission with different settings. 
· Option 2: Transmit the other UL transmission with different settings and break the phase continuity. 
· Option 3: Adapt the settings of the other UL transmission to make it be the same as the PUCCH repetitions. 

Conclusion
In this contribution, we expressed our views on dynamic PUCCH repetition factor indication and DMRS bundling across PUCCH repetitions.
We made the following proposals and observations:
Observation 1: overriding nrofSlots with the new repetition parameter in the case the PUCCH resource is associated with a CSI report is not desirable from the point of view of configuration of a periodic or semi-persistent CSI report
Proposal 1: in the case a PUCCH resource is not associated with a scheduling DCI and the PUCCH resource is characterized by a dynamic repetition factor, the parameter nrofSlots is used for determining the repetition factor of the specific PUCCH resource.
Proposal 2: support PUCCH repetition factor equal to 1 in Rel-17
Proposal 3. The configuration of DMRS bundling across PUCCH repetitions is per UL BWP and subject to UE capability.
Proposal 4. Do not introduce additional dynamic signalling to enable/disable DMRS bundling for PUCCH repetitions.
Observation 2: to avoid ambiguity between gNB and UE operations, gNB needs to indicate to UE which behaviour to follow across the PUCCH repetitions (i.e. within the time domain window)
Proposal 5. For non-back-to-back PUCCH transmissions, in case the other UL transmission in between two successive PUCCH repetitions has different settings than PUCCH, the gNB indicates one of the following options to the UE: 
· Option 1: Drop the other UL transmission with different settings. 
· Option 2: Transmit the other UL transmission with different settings and break the phase continuity. 
· Option 3: Adapt the settings of the other UL transmission to make it be the same as the PUCCH repetitions. 
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