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Introduction
[bookmark: _Hlk22834419]This contribution discusses aspects related to enhancements for PUCCH. RAN1#104-e agreements are listed in the Appendix.

Dynamic PUCCH repetition factor indication
Dynamic indication
Regarding the dynamic indication of the PUCCH repetition factor, the following was agreed in RAN1#104-e.
	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



To adjust a number of repetitions according to UCI payload and number of symbols per repetition, the DCI format triggering the PUCCH transmission (in case HARQ-ACK information) can indicate a number of repetitions as in Option 2. For the indication by the DCI format, an explicit field offers the simplest and most flexible alternative. If a number of repetitions is configured per PUCCH resource (Option 1), further adjusting the number of repetitions based on the UCI payload would be needed as a PUCCH resource can be used for multiple UCI payloads requiring different numbers of repetitions. When the number of repetitions is included in the PUCCH resource, the PRI would need more bits, so it is not an accurate statement that Option 1 does not require DCI enhancement or additional DCI bits. 

Observation 1: The difference between Option 1 and Option 2 in terms of signaling overhead is marginal/none. Option 2 is simpler and can support a PUCCH resource for varying UCI payloads as the number of repetitions is not tied to the PUCCH resource.

For higher layer configured PUCCH transmissions, as the payload and the number of symbols per repetition are also determined by the higher layer configuration, the number of repetitions can be part of the configuration as in Rel-16 but the range needs to increase beyond a maximum of 8 repetitions (a maximum value will also depend on the maximum UCI payload to be supported for PUCCH repetitions and the SCS).  

Configuration of a set of numbers of PUCCH repetitions 
In different coverage situations, a PUCCH transmission needs different numbers of repetitions to ensure a certain BLER at the gNB. A different set of numbers of repetitions can be configured to a UE depending on the coverage situation. A reason for configuring multiple sets of repetitions is to reduce the number of bits required in the DCI format to indicate the number of repetitions. For example, a number of repetitions for one UE can be {1, 2, 4, 8} while for another UE can be {4, 8, 16, 32} – the difference can be due to difference in coverage enhancement levels. To account for a variability over all possible UCI payloads for which repetitions of a PUCCH transmission are supported or over all possible numbers of symbols per repetition, the “number of PUCCH repetitions” field in a DCI format indicating a number of repetitions would need to have 5 or 6 or possibly more than 6 bits. By configuring different sets of numbers of repetitions per UE, instead of the whole set of possible number of repetitions to be applicable to all UEs, the number of bits used to indicate the number of PUCCH repetitions can be reduced.

Proposal 1: Support UE-specific configuration of a set of numbers of repetitions for indication by DCI of a number from the set of numbers.

Maximum number of PUCCH repetitions
The maximum number of repetitions is 8 in Rel-16 (imported from LTE Rel-8, with 15 kHz SCS, 14 UL symbols) and is under-dimensioned for NR operation (e.g. 30 kHz SCS, 4 UL symbols, or for UCI payloads above 2 bits). Unless the Rel-15 NR setup is exactly as LTE (15 kHz SCS, 14 UL symbols, 1 HARQ-ACK information bit), Rel-15 NR will have worse PUCCH coverage than LTE without even considering the higher carrier frequencies of NR operation that result to larger pathloss. Coverage limitation can occur due to fewer available symbols per slot or due to higher SCS, e.g.
a.	PUCCH transmission over 4 symbols instead of 14 symbols incurs a coverage loss of ~5.4 dB
b.	PUCCH transmission with 30 kHz SCS instead of 15 kHz SCS incurs a coverage loss of 3 dB

Based on the above analysis it is suggested to increase the number of repetitions by a factor of 4 to 32 in order to recover ~6 dB due to using less than 14 symbols, or due to using SCS of 30 kHz, or due to operating in higher carrier frequencies. It is noted that this does not intend to, and does not provide coverage enhancements that are comparable to eMTC UEs in LTE.

Proposal 2: The maximum number of repetitions for a PUCCH transmission is 32. 

DMRS bundling across PUCCH repetitions
Mechanisms discussed for PUSCH repetitions in RAN1#104-e and RAN1#104bis-e are also applicable to PUCCH repetitions and some agreements for PUSCH can be adopted for PUCCH. DMRS bundling is briefly considered below for PUCCH based also on a companion contribution for PUSCH [1].

Similar to PUSCH, DMRS interpolation across PUCCH repetitions requires the UE to preserve power and phase continuity over multiple PUCCH repetitions. The benefit from DM-RS interpolation will mainly be for PUCCH format 3 or 4, even when additional DM-RS is included, as PUCCH format 1 includes a large number of DM-RS. It is noted that I/Q combining is already possible for repetitions of a PUCCH transmission. 

During a time window where a UE transmits PUCCH repetitions with a same power, the UE skips application of TPC commands and does not update the CLPC adjustment state. The UE can accumulate TPC commands, update the CLPC adjustment state and apply a latest updated value to determine a power for repetitions of the PUCCH transmission when the window changes. 

Proposal 3: Support a same power, precoding and frequency position for a number of repetitions of a PUCCH transmission. 

Proposal 4: A UE updates the CLPC adjustment state per time domain window.


Signalling to enable PUCCH repetitions with DMRS bundling
Regarding the signalling to enable PUCCH repetitions with DMRS bundling the following was agreed in RAN1#104-e.
	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




1st FFS - An RRC configuration that enables PUCCH repetitions can be per UE, and not per PUCCH resource. Associating a PUCCH resource with additional information (e.g. for on/off of DM-RS bundling, or for number of repetitions, or …) only reduces the actual number of PUCCH resources. In general, a separate field for indication associated with any given functionality would be preferable to coupling various functionalities with PUCCH resources. 

2nd FFS – A gNB can configure a time window with a single length defined in a number of slots or in a number of repetitions. The gNB can indicate by a configurable/separate field in the DCI format whether or not the UE should apply conditions that enable DM-RS bundling at the gNB for the PUCCH repetitions over the window. 

3rd FFS – In addition to enabling DM-RS bundling, the gNB can configure a number of slots or a number of repetitions for DM-RS bundling. If that configuration is not provided, DM-RS bundling is applicable per frequency hop (or for all repetitions if the PUCCH transmission is without frequency hopping).


Conclusion
This contribution discusses the potential solutions and techniques for PUCCH coverage enhancement. The proposals and observations made in this contribution are summarized as below:

Observation 1: The difference between Option 1 and Option 2 in terms of signaling overhead is marginal/none. Option 2 is simpler and can support a PUCCH resource for varying UCI payloads as the number of repetitions is not tied to the PUCCH resource.

Proposal 1: Support UE-specific configuration of a set of numbers of repetitions for indication by DCI of a number from the set of numbers.

Proposal 2: The maximum number of repetitions for a PUCCH transmission is 32. 

Proposal 3: Support a same power, precoding and frequency position for a number of repetitions of a PUCCH transmission. 

Proposal 4: A UE updates the CLPC adjustment state per time domain window.
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Appendix – RAN1#104-e Agreements

	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., which is signaled by startingPRB and secondHopPRB
· 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. 
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