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In RAN#90-e, a 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]


In this contribution, we provide our views on corresponding enhancements based on the following output achieved in SI phase [2].
	For dynamic PUCCH repetition factor indication, the potential spec impact includes the following.
· A new PUCCH repetition signalling mechanism needs to be specified
· There is no impact identified to receiver. 
For dyanmic PUCCH repetition factor indication, the impact to UE implementation is that UE needs to implement transmissions of the PUCCH repetitions based on the dynamic indicator. 



	For DMRS bundling across PUCCH repetitions, the potential spec impact includes the following. 
· Restrictions to guarantee phase coherency across 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. 
· 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 across PUCCH repetitions.
For DMRS bundling across PUCCH repetitions, the impact to system includes the following. 
· 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.
· Restrictions of the scheme include the following. Phase coherency across PUCCH repetitions is required. The same frequency resource allocation across PUCCH repetitions is required. The same power across PUCCH repetitions is required.



Dynamic PUCCH repetition factor indication
In Rel-15/16, the repetition factor for PUCCH is RRC configured by nrofSlots in PUCCH-FormatConfig as shown below. It is applied to all PUCCH resources with the same PUCCH format. For instance, if the PUCCH repetition factor is configured by nrofSlots as 2 for PUCCH format 1, all PUCCH format 1 resources are of the same repetition number.
PUCCH-FormatConfig ::=                  SEQUENCE {
    interslotFrequencyHopping               ENUMERATED {enabled}         OPTIONAL, -- Need R
    additionalDMRS                          ENUMERATED {true}            OPTIONAL, -- Need R
    maxCodeRate                             PUCCH-MaxCodeRate            OPTIONAL, -- Need R
    nrofSlots                               ENUMERATED {n2,n4,n8}        OPTIONAL, -- Need S
    pi2BPSK                                 ENUMERATED {enabled}         OPTIONAL, -- Need R
    simultaneousHARQ-ACK-CSI                ENUMERATED {true}            OPTIONAL  -- Need R
}
Observation 1: In Rel-15/Rel-16, PUCCH repetition factor is semi-statically configured per PUCCH format. 
For dynamic PUCCH repetition factor indication, a new PUCCH repetition signaling mechanism needs to be specified.  A most straightforward way is to introduce a PUCCH repetition factor field in DL scheduling DCI. The number of bit field will depend on the number of repetition factor to be supported. But it will result in larger DCI size, which would result in degraded PDCCH performance. 
Another alternative is to configure the PUCCH repetition factor per PUCCH resource instead of per PUCCH format. More specifically, it can add a new IE indicating the PUCCH repetition factor to each PUCCH resource. For different PUCCH resource, different PUCCH repetition factor can be configured. In this way, dynamic PUCCH repetition factor can be supported by indicating the PUCCH resource through PRI.
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
    }
}
Observation 2: Dynamic PUCCH repetition factor can be achieved by configuring the repetition factor per PUCCH resource which can be dynamically indicated by PRI. 
In summary, from our point of view, the most promising solution is that dynamic PUCCH repetition factor is supported by indicating the PUCCH resource through PRI with configuring the repetition factor per PUCCH resource.
Proposal 1: Dynamic PUCCH repetition factor is supported by configuring the repetition factor per PUCCH resource and indicating the PUCCH resource dynamically through PRI.
DMRS bundling
DMRS bundling across PUCCH repetitions is proved beneficial as studied in SI phase [2]. However, similar to PUSCH, a joint operation of DMRS bundling and inter-slot frequency hopping should be studied. 
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)
· Case 1-2: Cross-slot joint channel estimation is enabled.  
· Case 2: Legacy inter-slot frequency hopping is enabled. 
· 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  
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(b) Case 2: Legacy inter-slot frequency hopping for 4 PUCCH repetitions 
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(c) Case 3: Inter-slot frequency hopping with inter-slot bundling
Figure 1. Three DMRS patterns for PUCCH repetitions
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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 is 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 3: 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 2: Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation among repetitions per bundle is supported.
In our companion contribution [3], some other aspects for DMRS bundling for PUSCH are discussed, including how to determine the inter-slot bundling size, how to determine the inter-slot bundling pattern for TDD operation, and how to support optimization of DMRS location/granularity in the time domain. These aspects should also be discussed for DMRS bundling among PUCCH repetition. As for the conditions to keep power consistency and phase continuity across PUCCH repetitions, potential RAN1 specification impacts, if any, could be further discussed after receiving the reply from RAN4. 
For above issues, RAN1 should aim for specifying the same rules for DMRS bundling among PUSCH repetitions and PUCCH repetitions. As a result, we have the following proposal. 
Proposal 3: RAN1 aims for specifying the same rules for the following issues for DMRS bundling among PUSCH repetitions and PUCCH repetitions. 
· Determination of the inter-slot bundling size, 
· Determination of the inter-slot bundling pattern for TDD operation,
· Support of optimization of DMRS location/granularity in the time domain, and 
· Potential RAN1 specification impacts, if any, for the conditions to keep power consistency and phase continuity. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: In Rel-15/Rel-16, PUCCH repetition factor is semi-statically configured per PUCCH format. 
Observation 2: Dynamic PUCCH repetition factor can be achieved by configuring the repetition factor per PUCCH resource which can be dynamically indicated by PRI. 
Proposal 1: Dynamic PUCCH repetition factor is supported by configuring the repetition factor per PUCCH resource and indicating the PUCCH resource dynamically through PRI.
Observation 3: 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 2: Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation among repetitions per bundle is supported.
Proposal 3: RAN1 aims for specifying the same rules for the following issues for DMRS bundling among PUSCH repetitions and PUCCH repetitions. 
· Determination of the inter-slot bundling size, 
· Determination of the inter-slot bundling pattern for TDD operation,
· Support of optimization of DMRS location/granularity in the time domain, and 
· Potential RAN1 specification impacts, if any, for the conditions to keep power consistency and phase continuity. 
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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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