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1	Introduction
In RAN#91-e, revised work item for NR coverage enhancements in Rel-17 has been approved with following objectives for in RP-210855 [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]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

In this contribution, we provide our views on enhancements for PUCCH repetition enhancements including:
· dynamic indication for number of PUCCH repetitions
· DM-RS bundling (joint channel estimation) across multiple PUCCH repetitions.


2	PUCCH enhancements for coverage
2.1 Dynamic indication for PUCCH repetition factor
In RAN1#106-e, following agreement related to dynamic indication for PUCCH repetition factor has been made in [2]:
Confirm the following working assumption
Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· 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
Exact details in terms of the RRC signaling are still to be agreed. In our view, PUCCH resource indicator field can be used to indicate the PUCCH repetition factor per PUCCH resource. 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. 
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



Proposal 1: For supporting dynamic indication of the repetition factor for PUCCH repetitions in NR Rel-17 coverage enhancements, PRI table can be enhanced to map each PUCCH resource with a repetition factor.

Furthermore, the issue of limited flexibility  was raised in RAN1#106-e since the PRI of 3 bits can indicate only limited combinations of repetition factor for each PUCCH resource. One straightforward solution could be to extend the number of PRI bits from 3 to a higher number such as 4 and allow more flexibility. Effectively, it could allow up to 2 different repetition factors for each PUCCH resource. In our view, it is reasonable enhancement to provide a good degree of flexibility.

Proposal 2: For supporting dynamic indication of the repetition factor for PUCCH repetitions in NR Rel-17 coverage enhancements, consider increasing maximum the number of PRI bits from 3 to 4 to allow more flexibility in terms of multiple repetition factors associated with each of the PUCCH resource.

2.2 DM-RS bundling for PUCCH repetitions
One of the key aspects related to joint channel estimation using DM-RS bundling is multiple PUCCH with frequency hopping. If frequency hopping is enabled for multiple PUCCH transmissions, then the time domain window (for DM-RS bundling) should be contained within a single hop as it has been agreed to restrict the same frequency resource allocation across PUCCH repetitions. Alternatively, the time domain window could 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 3: 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 time-domain window should be supported such that explicit indication of both the frequency hop duration and time-domain window is not needed
· Time-domain window size can be equal to the frequency hop duration
· At least hop duration of 2 slots should be supported with DM-RS bundling

Furthermore, based on the previous agreement to strive for common design in terms of joint channel estimation for PUSCH and PUCCH, we suggest making similar agreements for PUCCH as already agreed for PUSCH joint channel estimation in RAN1#106-e. The latest agreements from RAN1#106-e for PUSCH joint channel estimation are captured in section 5.
First aspect is about the signaling mechanism to enable/disable joint channel estimation for PUCCH. In RAN1#106-e, it has already been agreed that RRC configuration is used to enable/disable joint channel estimation for PUSCH. Similar agreement could be made for PUCCH as well. Furthermore, it is still under discussion if dynamic indication is also needed and whether explicit indication to enable/disable time domain window is needed. In our view, we don’t see the need to additionally enable/disable time domain window. Therefore, if joint channel estimation is enabled by RRC, then the time domain window is also enabled. 
Proposal 4: For supporting joint channel estimation with DM-RS bundling across multiple PUCCHs for coverage enhancements in NR Rel-17, support RRC indication to enable/disable joint channel estimation and no additional signaling is needed to enable/disable time domain window. 

Second aspect is related to the aspects of time domain window. Since for PUSCH joint channel estimation, currently only a working assumption is made on TDW and still further details need to be agreed, therefore, further agreement related to TDW for PUCCH joint channel estimation can be made once all the details related to TDW for PUSCH joint channel estimation are agreed.


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, PRI table can be enhanced to map each PUCCH resource with a repetition factor.

Proposal 2: For supporting dynamic indication of the repetition factor for PUCCH repetitions in NR Rel-17 coverage enhancements, consider increasing maximum the number of PRI bits from 3 to 4 to allow more flexibility in terms of multiple repetition factors associated with each of the PUCCH resource.

Proposal 3: 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 time-domain window should be supported such that explicit indication of both the frequency hop duration and time-domain window is not needed
· Time-domain window size can be equal to the frequency hop duration
· At least hop duration of 2 slots should be supported with DM-RS bundling
Proposal 4: For supporting joint channel estimation with DM-RS bundling across multiple PUCCHs for coverage enhancements in NR Rel-17, support RRC indication to enable/disable joint channel estimation and no additional signaling is needed to enable/disable time domain window. 
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5	Appendix
Agreements for joint channel estimation for PUSCH in RAN1#106-e:
Confirm the following working assumption
Working assumption:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over non-back-to-back PUSCH transmissions with different TBs
· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 
· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions
· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)
· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.

Conclusion
· Optimization of DMRS location in time domain for PUSCH is not considered for joint channel estimation in Rel-17.

Agreement
· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.
· Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.
Agreement 
Make down-selection between the following two alternatives:
· Alt 1: UE is not expected to receive TPC commands during the current time domain window.
· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.

Agreement
· UE should not perform TA adjustment during the time domain window.
‐   FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.
‐   FFS: UE ignores any TA command which indicates TA adjustment during the TDW.
‐   FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.


Working assumption:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple consecutive/non-consecutive configured TDWs.
   Each configured TDW consists of one or multiple consecutive physical slots.
   The window length L of the configured TDW(s) can be explicitly configured with a single value and L is no longer than the maximum duration.
‐   FFS: The maximum value of L is the duration of all repetitions
‐   FFS: Solutions to error propagation issue if for L is longer than the maximum duration is to be discussed further.
‐   FFS: The window length L is configured per UL BWP
   The start of the first configured TDW is the first PUSCH transmission
‐   FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
   The start of other configured TDWs can be implicitly determined prior to first repetition.
‐   FFS: The configured TDWs are consecutive for paired spectrum/SUL band
‐   FFS: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
   The end of the last configured TDW is the end of the last PUSCH transmission.
‐   FFS: The end of the configured TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
   Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
‐   The start of the first actual TDW is the first PUSCH transmission within the configured TDW.
o    FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
‐   After one actual TDW starts, UE is expected to maintain the power consistency and phase continuity until one of the following conditions is met, then the actual TDW is ended.
o    The actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
  FFS: The end of the actual TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
o    An event occurs that violates power consistency and phase continuity
  FFS: The events may include e.g., a DL slot based on DL/UL configuration for unpaired spectrum, the actual TDW reaches the maximum duration, DL reception/monitoring occasion for unpaired spectrum, high priority transmission, frequency hopping, precoder cycling.
  FFS: The end of the actual TDW is the last available slot/symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
‐   If the power consistency and phase continuity are violated due to an event, whether a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling.
o    If UE is capable of restarting DM-RS bundling, one new actual TDW is created after the event,
  FFS: The start of the new actual TDW is the first available slot/symbol for PUSCH transmission after the event.
o    If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
o    FFS: UE capability of restarting DMRS bundling is applied only to dynamic event or not
Note 1: A ‘configured TDW’ refers to a time domain window whose length can be configured to ‘L’ and whose start and end is determined as described above.
Note 2: An ‘actual TDW’ refers to a time domain window during whose entire duration the DM-RS bundling is actually applied. An ‘actual TDW’ duration is always less than or equal to the ‘configure TDW’ duration.
Note 3: Whether the terms ‘configured TDW’ and ‘actual TDW’ are revised to other terms and if such terminology is used in specifications is to be further discussed.
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