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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#90, new WID on NR coverage enhancement was approved [1]. The following issues are going to be discussed for PUCCH.
	· 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]



Dynamic PUCCH repetition factor indication
	Agreements:
For dynamic PUCCH repetition factor indication, capture the following in the TR
Potential Spec impact: 
· a new PUCCH repetition signaling 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]


From high layer signaling perspective, transmissions of PUCCH can be classified into two categories, e.g., with/without dedicated PUCCH resource configuration. 
· without dedicated PUCCH resource configuration
For the case without dedicated PUCCH resource configuration, Rel-15/16 use a lookup table to configure the relevant PUCCH information, as shown below.
Table 1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}


From the table, it can be noticed that both PUCCH format 0 and format 1 are supported. Further, the two formats have already been verified to have some issue on coverage during SI stage.
However, currently repetition transmission is not supported for PUCCH without dedicated PUCCH resource configuration. Therefore, it could become a bottleneck and needs to be addressed in Rel-17. A simple solution is to enable a new functionality for repetition on table-1.
Proposal 1. Repetition should be supported for PUCCH without dedicated PUCCH resource configuration.
· with dedicated PUCCH resource configuration
For Rel-15/16, the PUCCH repetition factor is configured via high layer signaling, and the available values are 2, 4 and 8. From our perspective, the repetition number could be enlarged, e.g., 16 or 32. Besides, according to time domain behavior, PUCCH can be further identified as three sorts: aperiodic/periodic/semi-persistent PUCCH. For the feature of dynamically indicating repetition factor, they should be discussed separately.  
· Aperiodic PUCCH
For dynamic indication of repetition factor for aperiodic PUCCH, we can change the framework of legacy PUCCH rep# configuration. 
First, high layer can configure a set of available repetition numbers on basis of PUCCH resource or PUCCH resource set. Then, a new field in DCI could be introduced to indicate which repetition number is finally selected.
Further, we could discuss the benefit of introducing a new MAC-CE to update the available repetition numbers.
Proposal 2. For aperiodic PUCCH, high layer can configure a set of available repetition number per PUCCH resource/resource set, and DCI can indicate one of them.
-FFS：MAC-CE updates the set of available repetition numbers.
· Periodic/Semi-persistent PUCCH
Different from aperiodic PUCCH, no direct DCI is related to periodic PUCCH. Currently, almost all parameters are configured via RRC, except features like spatial relation/ SP CSI reporting can be updated via MAC-CE. On one hand, we can still use MAC-CE to indicate the repetition factor for periodic PUCCH. On the other hand, we can set some rules. For example, the Periodic/Semi-persistent PUCCH can follow the repetition factor of latest aperiodic PUCCH. However, different PUCCH format/ nrofSymbols could require different level of repetition. To be more accurate, we can set constraints on latest aperiodic PUCCH, e.g., same PUCCH format and/or same nrofSymbols.
From our perspective, the latter solution is more favorable. Without introducing new MAC-CE format, less specification effort can be expected.



Proposal 3. For P/SP PUCCH, the repetition factor can be determined by the latest PUCCH with some constraints, e.g., same PUCCH format and/or same nrofSymbols.

DMRS bundling across PUCCH repetitions
	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 behavior 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
· 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
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.


As a common understanding, phase discontinuity could cause severe performance degradation which have already agreed to be guaranteed by gNB/UE. With the premise of phase continuity, some performance amelioration can be seen during SI studies. However, from our perspective, the feature of DMRS bundling across PUCCH repetitions is a completely implementation issue. No specification effort is required, at least for RAN 1/2.
Proposal 4. It is a completely implementation issue to support the feature of DMRS bundling across PUCCH repetitions.

Conclusions
In this contribution, we have the following proposals:
Proposal 1. Repetition should be supported for PUCCH without dedicated PUCCH resource configuration.
Proposal 2. For aperiodic PUCCH, high layer can configure a set of available repetition number per PUCCH resource/resource set, and DCI can indicate one of them.
-FFS：MAC-CE update the set of available repetition numbers.
Proposal 3. For P/SP PUCCH, the repetition factor can be determined by the latest PUCCH with some constraints, e.g., same PUCCH format and/or same nrofSymbols.
Proposal 4. It is a completely implementation issue to support the feature of DMRS bundling across PUCCH repetitions.
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