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According to the revised new WID on NR coverage enhancements was approved [1], one objective of the WID is to specify enhancements for PUCCH for both FR1 and FR2 as well as TDD and FDD. The detail objectives for PUCCH enhancements are as follows:
	· 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


In this contribution, we provide our views on corresponding enhancements for PUCCH.
Dynamic PUCCH repetition factor indication
Scope of dynamic PUCCH repetition factor indicator
Regarding whether dynamic PUCCH repetition factor indication should be applied to semi-static PUCCH, we prefer not to support it. For these semi-static PUCCH transmissions, the payload is relatively stable. Therefore, semi-static repetition factor may be sufficient. For SR or SP/P-CSI PUCCH, the PUCCH resource is semi-static configured in RRC. There is no dynamic indicator that can be used, and I don’t know how dynamic indication could be supported.  
Proposal 1: Dynamic PUCCH repetition indication is not supported for SR and SP/P-CSI PUCCH.
As for PUCCH with HARQ-ACK for SPS PDSCH, we think the same mechanism as the other dynamic UCI, which is indicated via the PRI carried in the activation DCI, can be reused. That is, the repetition factor for the remaining PUCCH transmissions without corresponding PDCCH is same as the one indicated in the activation DCI.   
Proposal 2: Dynamic PUCCH repetition factor indicator is supported for PUCCH with HARQ-ACK for SPS PDSCH.
Options for dynamic PUCCH repetition factor indicator
In RAN1 #105-e, four options to support dynamic PUCCH repetition factor indication are discussed.
	· Option 1a: 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
· [Note: the applicability of starting CCE index to PUCCH resource indication is the same as in Rel-16 specification. It is not intended to extend the applicability of starting CCE index beyond what is specified in Rel-16.]
· Option 1b: Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-15 PUCCH indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable) of DCI to indicate a PUCCH resource and its associated repetition factor.
· In additional to PRI and starting CCE index, use PDCCH aggregation level to indicate PUCCH repetition factor. FFS details. 
· FFS: RRC signaling enhancement details
· Option 2a: introduce a new field (with 2 bits) in DCI to indicate PUCCH repetition factor. 
· Option 2b: increase the number of bits of an existing field in DCI for PUCCH repetition factor indication
· FFS: the existing field is PRI or other field such as TPC
· FFS: the number of increased bits for the existing field 
· FFS: the codepoints for PRI/TPC with repetition factor indication
· FFS: whether RRC signaling is enhanced to allow configuration of PUCCH repetition factor per PUCCH resource



And based on the comments received in the discussion, Option 1a is supported by majority companies. The technical merits of option 1a is simplicity and small spec impact. Therefore, FL made 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



First of all, we should confirm the working assumptions. Reusing Rel-16 PUCCH resource indicatoion mechanism may be enough and the specification efforts are minor. Rregarding the FFS, a straightforward way is to add a new IE indicating the PUCCH repetition factor to each PUCCH resource. For different PUCCH resources, different PUCCH repetition factors can be configured. In this way, dynamic PUCCH repetition factor can be supported by indicating the PUCCH resource through PRI. gNB has the flexibility to configure the repetition number for each PUCCH resource. 
PUCCH-Resource ::=                      SEQUENCE {
    pucch-ResourceId                       PUCCH-ResourceId,
    startingPRB                             PRB-Id,
    intraSlotFrequencyHopping            ENUMERATED { enabled }       OPTIONAL, -- Need R
secondHopPRB                            PRB-Id                       OPTIONAL, -- Need R
repetitionNum                          ENUMERATED {n1,n2,n4,n8}        OPTIONAL, -- Need S
    format                                   CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}
Proposal 3: Dynamic PUCCH repetition factor can be achieved by configuring the repetition factor per PUCCH resource which can be dynamically indicated by PRI. 
- a new IE indicating the PUCCH repetition factor in added to “PUCCH-Resource”.
DMRS bundling
Use case
In the LS sent from RAN1 to RAN4 in[2], there are the following use cases for joint channel estimation for PUCCH repetitions.
	For PUCCH repetitions, the following use cases are considered in RAN1. Among the following cases, RAN1 suggest RAN4 to prioritize the study on use case 3, 4a, 4b, and 5b for PUCCH repetitions. 
�   Use case 1: back-to-back PUCCH repetitions within one slot.
�   Use case 2: non-back-to-back PUCCH repetitions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 
�   Use case 3: back-to-back PUCCH repetitions across consecutive slots.
�   Use case 4: non-back-to-back PUCCH repetitions across consecutive slots.
‐   Use 4a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use 4b: other uplink transmissions in the middle of two PUCCH repetitions 
�   Use case 5: PUCCH repetitions across non-consecutive slots.
‐   Use case 5a: no uplink transmission in the middle of two PUCCH repetitions
‐   Use case 5b: other uplink transmissions in the middle of two PUCCH repetitions
Note: RAN1 assumes “back-to-back PUCCH repetitions” has zero gap in-between adjacent PUCCH repetitions.
Note: intervening “other uplink transmissions” can be either on the same component carrier or a different component carrier. 



In RAN1 105-e, it was concluded that Use case 1, 2a and 2b were deprioritized and in RAN1 work for on PUCCH DMRS bundling.  
	Conclusion: For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling
Ÿ   Use case 1: back-to-back PUCCH repetitions within one slot.
Ÿ   Use case 2: non-back-to-back PUCCH repetitions within one slot.
‐   Use case 2a: no uplink transmission in the middle of two PUCCH repetitions 
‐   Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions 



Regarding Use case 4a/5a and 4b/5b, RAN4 has replied further information in [3], as also copied below.
	Non-zero un-scheduled gap in-between repetitions
To maintain phase continuity and power consistency across the PUSCH transmissions or PUCCH repetitions, the value of un-scheduled symbols in-between the repetitions up to 13OS is feasible (with some TBD phase tolerance):
· Whether maximum X can be 14OS or 1ms for different SCS FFS 
· Further study if new RF requirements for UE during the gap are needed
For transmit power on the gap symbols that less than or equal to 1ms, RAN4 down select solution from following options:
· Option 1: define new transmit off power for gap symbols less than or equal to 1ms explicitly for Rel-17 coverage enhancement case 
· Option 2: RAN4 do not introduce new transmit off power
· Option 3: The existing OFF power requirement apply to the un-scheduled gap
Non-zero un-scheduled gap with other uplink transmissions
·Scenario 1: if the other scheduled signals/channels during the non-zero gap have the same settings in antenna port, occupied PRBs and UL power than the repeated transmission signals/channels
–Whether it is beneficial to define a Guard period for scenario 1:
oOption 1: In the case of different channel in between two repetitions, a guard period before returning to the repetitions is defined. Length of guard period is Y is FFS but shall not exceed 2 symbols. 
oOption 2: FFS. It is not clear why guard period can help make the phase aligned with before transmission. 
·Scenario 2: If the other scheduled signals/channels during the non-zero gap have the different settings in antenna port, occupied PRBs or UL power than the repeated transmission signals/channels
–Option 1: a guard period before returning to the repetitions is defined. Guard allows also different RBs and power levels for the other channels as agreed to be studied in the previous WF. Length of guard period is Y is FFS but shall not exceed 2 symbols. 
–Option 2: Phase continuity and power consistency cannot be guaranteed. 
–Option 3: Further investigation is needed 
oIf the phase discontinuity for non-zero gap with other uplink transmission is within such tolerance value, this case can be supported.




Based on above RAN4 reply, RAN4 only confirms the feasibility of phase continuity and power consistency for non-zero un-scheduled gap case for a gap up to 13 symbols That is, RAN4 requirements could be satisfied at least for use case 4a, while FFS for use case 5a depending on whether 1ms for different SCS can be supported. Regarding use case 4b/5b, it is still under discussion in RAN4, and it’s better to wait for RAN4 further decision. 
Proposal 4: Decide whether to support Use case 4b/5a/5b for PUCCH repetitions depending on RAN4 further decision.
Time domain window and signaling mechanism
In RAN plenary #91-e, it was concluded that joint channel estimation for PUCCH should be based on similar mechanism(s) for enabling joint channel estimation for PUSCH when applicable. And the following agreement was achieved in RAN1 #105-e.
	Agreement: For DMRS bundling for PUCCH repetitions, 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.
· Strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. 



In our view, the time domain window size should be reported per UE level and applies to both PUSCH and PUCCH. gNB can configure a time domain window based on UE capability reporting, and the configured time domain window size should be also the same between PUSCH and PUCCH
And regarding the signaling mechanism for DMRS bundling for PUCCH, same mechanism as defined for PUSCH can be reused.
Proposal 5: Specify a time domain window for PUCCH repetition.
·  A UE reports a same time domain window size for PUSCH and PUCCH.
·  gNB configures a same time domain window for PUSCH and PUCCH.
Inter-slot frequency hopping with inter-slot DMRS bundling 
Regarding inter-slot frequency hopping with inter-slot DMRS bundling, the following proposal was proposed in RAN1#105-e by FL but no agreement was reached.
	FL Proposal 3: For inter slot frequency hopping with DMRS bundling, all PUCCH repetitions in a frequency hopping duration (similar to the time domain hopping interval defined for PUSCH repetition) belong to the same frequency hop. 
· The frequency hopping duration equals to the size of time domain window where power consistency and phase coherency can be maintained.



In this section, the performance evaluation and some preliminary analysis for inter-slot frequency hopping with inter-slot DMRS bundling are provided. In Figure 1, three DMRS bundling patterns are provided for PUCCH format 3 with 4 repetitions. For Cases-1, two sub-cases are evaluated with or without enabling cross-slot joint channel estimation. The detailed simulation assumptions are provided in Table A-1 in the appendix. 
· Case 1: No frequency hopping is enabled.
· Case 1-1: No cross-slot joint channel estimation. (Baseline-1)
· Case 1-2: Cross-slot joint channel estimation is enabled. (Enhancement-1)  
· Case 2: Legacy inter-slot frequency hopping is enabled. (Baseline-2)
· Case 3: Inter-slot frequency hopping with inter-slot bundling, bundling size is 2. 
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(a) Case 1: No frequency hopping for 4 PUCCH repetitions  
[image: ]
(b) Case 2: Legacy inter-slot frequency hopping for 4 PUCCH repetitions 
[image: ]
(c) Case 3: Inter-slot frequency hopping with inter-slot bundling
Figure 1. Three DMRS patterns for PUCCH repetitions
[image: ]
Figure 2. Simulation results for different DMRS patterns with 4 repetitions.
According to the results in Figure 2, we can find the following observations. 
· For DMRS bundling only (Case 1-2) vs inter-slot FH only (Case 2):
· In low SNR region, DMRS bundling only has better performance than inter-slot FH only.
· In high SNR region, inter-slot FH only is expected to have better performance than DMRS bundling only.
· For the target BLER@0.01, similar performance is achieved for both cases. 
· DMRS bundling + inter-slot FH (Case 3) vs inter-slot FH only (Case 2) or DMRS bundling only (Case 1-2)
· Around 1dB performance gain of DMRS bundling + inter-slot FH is observed compared to inter-slot FH only or DMRS bundling only at target BLER@0.01. 
Observation 1: For PUCCH with four repetitions, enabling both inter-slot frequency hopping and DMRS bundling can provide 1 dB gain compared with inter-slot frequency hopping only or DMRS bundling only.
Therefore, inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation among repetitions per bundle should be supported.
Proposal 6: Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation among repetitions per bundle is supported.
In our companion contribution [4], some other aspects for DMRS bundling for PUSCH are discussed, including how to determine the inter-slot bundling size and how to determine the inter-slot bundling pattern for TDD operation. Given it has agreed that RAN1 shall strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible, we prefer to further discuss the details for PUCCH after a better progress made for PUSCH.  
Proposal 7: RAN1 further discusses the details for PUCCH after a better progress made for PUSCH regarding the following aspects. 
· Determination of the inter-slot bundling size. 
· Determination of the inter-slot bundling pattern for TDD operation.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Dynamic PUCCH repetition indication is not supported for SR and SP/P-CSI PUCCH.
Proposal 2: Dynamic PUCCH repetition factor indicator is supported for PUCCH with HARQ-ACK for SPS PDSCH.
[bookmark: _GoBack]Proposal 3: Dynamic PUCCH repetition factor can be achieved by configuring the repetition factor per PUCCH resource which can be dynamically indicated by PRI. 
- a new IE indicating the PUCCH repetition factor in added to “PUCCH-Resource”.
Proposal 4: Decide whether to support Use case 4b/5a/5b for PUCCH repetitions depending on RAN4 further decision.
Proposal 5: Specify a time domain window for PUCCH repetition.
·  A UE reports a same time domain window size for PUSCH and PUCCH.
·  gNB configures a same time domain window for PUSCH and PUCCH.
Observation 1: For PUCCH with four repetitions, enabling both inter-slot frequency hopping and DMRS bundling can provide 1 dB gain compared with inter-slot frequency hopping only or DMRS bundling only.
Proposal 6: Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation among repetitions per bundle is supported.
Proposal 7: RAN1 further discusses the details for PUCCH after a better progress made for PUSCH regarding the following aspects. 
· Determination of the inter-slot bundling size. 
· Determination of the inter-slot bundling pattern for TDD operation.
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Appendix
Table A-1 Simulation assumption for DMRS bundling for PUCCH
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Channel
	TDL-C , DS = 300ns

	UE speed
	3 km/h

	Antenna configuration
	1Tx, 4Rx

	Number of symbols
	14

	Number of RBs
	1

	Number of repetition
	4

	DMRS location
	The 3rd ,10th symbol

	Payload
	22 bits

	Metric
	1% BLER

	Receiver 
	Receiver for Rel-15/16 PUCCH: ML coherent receiver, w/o cross-slot channel estimation
Receiver for PUCCH enhancement scheme: ML coherent receiver, w/ cross-slot channel estimation
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