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1	Introduction
In RAN#90-e, a new work item for NR coverage enhancements in Rel-17 has been approved with following objectives for in RP-202925 [1]:
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· 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]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

Furthermore, following agreements relevant to PUCCH coverage have been made in RAN1#103-e [2]:

Agreements:
For dynamic PUCCH repetition factor indication, capture the following in the TR
Potential Spec impact: 
· a new PUCCH repetition signalling mechanism needs to be specified
Impact to receiver: None
Impact to UE implementation: 
· Need implement transmissions of the PUCCH repetitions based on the dynamic indicator
     [Impact to system]
· [FFS the impact to system]


Agreements:
For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Potential Spec impact: 
· Restrictions to guarantee phase coherency cross repetitions need to be specified
· UE behaviour needs to be defined if the phase coherency of PUCCH repetition is impacted by other procedures
· DMRS bundling with inter-slot frequency hopping pattern enhancement need to be specified, if the frequency hopping enhancement is agreed. 




Agreements:
For DMRS bundling cross PUCCH or PUSCH repetitions, send an LS to RAN4 to ask the following 
· Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
· Power control tolerance level cross PUCCH or PUSCH repetitions

Agreements: For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Restriction of the scheme: 
· Phase coherency cross PUCCH repetitions is required
· [bookmark: _Hlk61801216]The same frequency resource allocation cross PUCCH repetitions is required
· The same power cross PUCCH repetitions is required

Agreements: For DMRS bundling cross PUCCH repetitions, capture the following in the TR
· New channel estimator needs to be implemented at receiver to process DMRS across multiple repetitions
· Same phase and transmission power need to be maintained at UE cross PUCCH repetitions
· [Maintaining phase coherence across slots requires UE to alter how slot boundaries events (such as timing or power adjustments) are handled]

Agreements:
For DMRS bundling cross PUCCH repetitions, capture the following in the TR
Impact to system
· gNB needs to maintain phase coherence across slots. gNB cannot switch beamformers or make any RF adjustments across multiple slots. 
· UE needs to maintain phase coherence across multiple slots. UE-side adjustments for timing and frequency will have to be postponed to a later slot. UE may not have the best timing and frequency settings for multiple uplink slots.
 
In this contribution, we provide our views on enhancements for PUCCH repetition enhancements including dynamic indication for number of PUCCH repetitions and joint channel estimation across multiple PUCCH repetitions.

2	PUCCH enhancements for coverage
2.1 Dynamic indication for PUCCH repetition factor
In the WID, it has been agreed to specify enhancements to support dynamic indication for PUCCH repetition factor. Currently PUCCH format 1, format 3 and format 4 can each be configured by RRC with individual repetition factor. For dynamic indication of the repetition factor, two possibilities can be considered - either a new codepoint in the DCI or embedding the repetition factor with some other field. However, with dedicates fields, the overhead would be large. Therefore, for using one of existing codepoint in the DCI, PUCCH resource indicator field can be considered for also indicating the repetition factor for PUCCH. Currently the PRI field can be configured with 0-3 bits, depending upon the number of PUCCH resources within a PUCCH resource set. The bitmap values map to one of the PUCCH resource ID within a PUCCH resource set, with the PUCCH resource set selected depending upon the payload to be transmitted in PUCCH. The current PRI mapping could be extended to also indicate the repetition factor, as illustrated in Table1. A PRI to repetition factor mapping list can be RRC configured for a PUCCH resource set. Further extension of the PRI bitmap size could be considered, for example up to 16 values, depending upon how much flexibility in terms of repetition factor for each of the PUCCH resourced ID is needed.
Proposal 1: For supporting dynamic indication of the repetition factor for PUCCH repetitions in NR Rel-17 coverage enhancements, support joint indication of PUCCH resource indicator (PRI) and repetition factor in the scheduling DCI
· FFS if the number of PRI bits need to be increased (more than 8, if needed)




Table 1: Dynamic repetition indication with PRI table
	PUCCH resource indicator 
	PUCCH resource
	Repetition Factor

	1 bit
	2 bits
	3 bits
	
	

	'0'
	'00'
	'000'
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList
	2

	'1'
	'01'
	'001'
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList
	2

	
	'10'
	'010'
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList
	2

	
	'11'
	'011'
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList
	4

	
	
	'100'
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList
	8

	
	
	'101'
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList
	4

	
	
	'110'
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList
	16

	
	
	'111'
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList
	2



2.2 DM-RS bundling for PUCCH repetitions
In the WID, it has been agreed to specify enhancements to support joint channel estimation by DM-RS bundling across multiple PUCCH transmissions for better channel estimation and improve the coverage. One of the main aspects related to joint channel estimation using DM-RS bundling is for multiple PUCCH transmissions with frequency hopping. If frequency hopping is enabled for multiple PUCCH transmissions, then the DM-RS bundling should be contained within a single hop as it has been agreed to restrict the same frequency resource allocation cross PUCCH repetitions. Alternatively, DM-RS bundle duration should be same as frequency hop duration. Otherwise, phase continuity might be an issue for joint channel estimation across multiple frequency hops. However, if such limitation is applied, then the DM-RS bundling is not really beneficial as currently only intra-slot or inter-slot frequency hopping is supported. Therefore, multi-slot frequency hopping should be supported. This would provide better opportunity for joint channel estimation with DM-RS bundling. As illustrated in Figure 1, frequency hop duration is across 4 slots for PUCCH format 1 and therefore, the DM-RS bundling is also applied in multiples of 2 slots for each of the frequency hop.

Figure 1: Example multi-slot frequency hopping with DM-RS bundling for PUCCH format 1 repetition
Proposal 2: For supporting joint channel estimation with DM-RS bundling across multiple PUCCHs for coverage enhancements in NR Rel-17, support multi-slot frequency hopping and multi-slot DM-RS bundling for joint channel estimation for entire hop
· Association between frequency hop duration and DM-RS bundle duration should be considered
3	Conclusion
In this section, we summarize the observation/proposals from above section:
Proposal 1: For supporting dynamic indication of the repetition factor for PUCCH repetitions in NR Rel-17 coverage enhancements, support joint indication of PUCCH resource indicator (PRI) and repetition factor in the scheduling DCI
· FFS if the number of PRI bits need to be increased (more than 8, if needed)
Proposal 2: For supporting joint channel estimation with DM-RS bundling across multiple PUCCHs for coverage enhancements in NR Rel-17, support multi-slot frequency hopping and multi-slot DM-RS bundling for joint channel estimation for entire hop
· Association between frequency hop duration and DM-RS bundle duration should be considered
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