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Discussion
1      Introduction
In RAN1 #104 meeting, the following agreements were achieved for PUCCH enhancement [1].

	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


This contribution provides our considerations on PUCCH enhancements.

2      Discussion
2.1     Use cases
In RAN1#104e-meeting, five potential use cases were agreed to be considered for PUSCH joint channel estimation (JCE). To facilitate RAN4 discussion, use cases for PUCCH JCE should also be determined. In our view, at least the following use cases should be supported for PUCCH repetitions with DMRS bundling:
   Use case 3: back-to-back PUCCH repetitions across consecutive slots.

   Use case 4: non-back-to-back PUCCH repetitions across consecutive slots.

Proposal 1: Support Use case 3 and Use case 4 for PUCCH repetitions with DMRS bundling.
2.2     Dynamic PUCCH repetition factor indication
In current specification, PUCCH repetition factor is configured by RRC, using the high layer parameter nrofSlots in PUCCH-Config IE. It can be seen that parameter “nrofSlots” is configured in PUCCH-FormatConfig per each PUCCH format, not configured in PUCCH-resource, nor configured in PUCCH-ResourceSet. Thus, dynamic PUCCH repetition cannot be performed based on current specification. 
In order to realize dynamic PUCCH repetition, an explicit or implicit indication method can be introduced.
Explicit indication of PUCCH repetition factor (with DCI enhancement)
For explicit indication, the indicator can be added in DCI field, e.g. introducing a new DCI field “PUCCH repetition factor”. Two kinds of methods can be utilized to indicate PUCCH repetition factor, noted as:

Method 1: The new DCI field directly indicate PUCCH repetition factor;

Method 2: The new DCI field indirectly indicate PUCCH repetition factor in order to reduce the needed bits.

For method 1, the new DCI field has N bits and can indicate at most 2^N kinds of repetition times. If this DCI field exists, then UE perform PUCCH repetition as indicated by this field regardless of the repetition times configured by RRC as well as PUCCH format; if this DCI field is absent, then UE perform PUCCH repetition as indicated by RRC parameter “nrofSlots”.
For method 2, the new DCI field has only 1 bit: bit “0” indicates PUCCH repetition factor follows RRC configuration, while bit “1” indicates a modified PUCCH repetition factor based on the RRC configured one. For example, if the PUCCH repetition factor configured by RRC is 4, then bit “0” means current PUCCH repetition factor is 4, while bit “1” means current PUCCH repetition factor is “x”, mechanism is needed to determine the value of “x”. One possible way is to combine this value with channel condition, if channel condition is less than a threshold, then “x” is larger than RRC configured value; else if channel condition is larger than a threshold, then “x” is smaller than RRC configured value.
Proposal 2:For explicit indication of PUCCH repetition factor, both directly indication and indirectly indication methods can be considered.
Implicit indication of PUCCH repetition factor (without DCI enhancement)
For implicit indication, additional DCI field is not needed, we should utilize current DCI to indicate PUCCH repetition factor. It can be known in TS 38.212 that only one field “PUCCH resource indicator” is related to PUCCH transmission. Thus, this seems to be the only DCI filed which can be utilized to PUCCH repetition factor. If PUCCH repetition factor can be configured per PUCCH resource, then the mapping between PUCCH resource indicator and PUCCH repetition factor can be established.
Proposal 3: For implicit indication of PUCCH repetition factor, DCI field “PUCCH resource indicator” can be utilized to indicate PUCCH repetition factor.
Proposal 4: For dynamic PUCCH repetition factor indication, both of Option 1 and Option 2 are acceptable. Option 2 is slightly preferred.
2.3     PUCCH repetitions with DMRS bundling
Repetitions with DMRS bundling is discussed for both PUSCH and PUCCH. In the revised WID on NR coverage enhancement [2], one sub-bullet of specification of PUCCH enhancements was added:
	· 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


Thus, we should strive for common design for PUSCH and PUCCH.

Time domain window

In RAN1#104b-e meeting [3], a time domain window was agreed to be specified for PUSCH JCE, during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements. For PUCCH repetitions with DMRS bundling, we think a time window should also be specified to keep alignment with PUSCH.
Proposal 5: For joint channel estimation, 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.
For PUSCH JCE, it was also discussed whether the time domain window is explicitly configured or implicitly derived. The time domain window may be implicitly derived from the number of repetitions for PUSCH repetition. But it still depends on UE capability on the maximum duration of maintaining power consistency and phase continuity. If the time length of all the repetitions does not exceed the maximum duration of maintaining power consistency and phase continuity subject to UE capability, the time domain window can be implicitly derived from the number of repetitions. Otherwise, the time domain window cannot be implicitly derived from the number of repetitions. This issue is analysed in  our companion contribution [4]. For PUCCH repetitions with DMRS bundling, similar issues also exist. Therefore, we propose to send an LS to RAN4 asking whether the maximum duration of maintaining power consistency and phase continuity among PUCCH repetitions will be defined based on UE capability and the length of maximum duration if defined.

Proposal 6: Send an LS to RAN4 asking whether the maximum duration of maintaining power consistency and phase continuity among PUCCH repetitions will be defined based on UE capability and the length of maximum duration if defined.
Signalling mechanism to enable DMRS bundling
Considering enabling PUCCH repetitions with DMRS bundling via RRC configuration, several aspects needs to be further discussed as indicated in the agreement.
1) The enabling configuration is per UE or per PUCCH resource?
This depends on whether it is the same conditions to satisfy the prerequisite of DMRS bundling for PUSCH and PUCCH. If they are the same, then there is no need to configure per PUCCH resource. Or else, per PUCCH resource configuration can be considered. This issue is also related to dynamic PUCCH repetition factor indication, if PUCCH repetition factor is configured per PUCCH resource, then it may be proper to enabling PUCCH repetitions with DMRS bundling per PUCCH resource. Since there are still some uncertainties, we are open for the discussion.
2) Whether additional dynamic signaling is needed to enable/disable PUCCH repetitions with DMRS bundling?
Currently, we don’t think there is a need to define additional dynamic signalling to enable/disable PUCCH repetitions with DMRS bundling. 
3) Additional signaling/configuration of DMRS bundling duration/window and associated size
We think it should be aligned with PUSCH JCE. 
For other issues, e.g. the unit of time window, the bundle size of each hop for inter-slot frequency hopping with inter-slot bundling etc., we think the design for PUCCH repetitions with DMRS bundling should be aligned with PUSCH JCE as much as possible. 
3      Conclusion
In this contribution, we provide our considerations on PUCCH enhancements and we have the following proposals:
Proposal 1: Support Use case 3 and Use case 4 for PUCCH repetitions with DMRS bundling.
Proposal 2: For explicit indication of PUCCH repetition factor, both directly indication and indirectly indication methods can be considered.

Proposal 3: For implicit indication of PUCCH repetition factor, DCI field “PUCCH resource indicator” can be utilized to indicate PUCCH repetition factor.

Proposal 4: For dynamic PUCCH repetition factor indication, both of Option 1 and Option 2 are acceptable. Option 2 is slightly preferred.

Proposal 5: For joint channel estimation, 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.
Proposal 6: Send an LS to RAN4 asking whether the maximum duration of maintaining power consistency and phase continuity among PUCCH repetitions will be defined based on UE capability and the length of maximum duration if defined.
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