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1. Introduction
At the RAN1#90-e meeting, a new WID [1] on “NR coverage enhancements” was approved. In this contribution, we discuss on the potential techniques for coverage enhancements for PUCCH.

2. Discussion on PUCCH enhancements
2.1 Dynamic PUCCH repetition factor indication 
At the RAN1#105-e meeting, dynamic PUCCH repetition factor indication was discussed and following working assumption was made [2].
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


The FFS point of the working assumption is the RRC signaling enhancement details for the dynamic PUCCH repetition factor indication. The PUCCH repetition factures are going to be configured per PUCCH resource, so that they can be configured in the PUCCH resources field in PUCCH-Config information element as described in Fig. 1. 
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Figure 1. Example of configuration for PUCCH repetition factures per PUCCH resource in PUCCH Config IE

Proposal 1: PUCCH repetition factures can be configured in the PUCCH resource field in PUCCH-Config IE.

2.2 DMRS bundling across PUCCH repetitions
At the RAN1#105-e meeting, DMRS bundling across PUSCH repetitions was discussed and following agreement was made [2].
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. 


At the RAN1#105-e meeting, it was agreed to introduce a time window for the DMRS bundling for PUCCH enhancement as well as that for PUSCH, and during the time window, a UE transmits DMRS with maintaining phase, frequency, and power continuity. And it was also agreed to strive for common design of the time domain window for PUSCH/PUCCH with DMRS bundling as much as possible. In our companion contribution for PUSCH enhancement [3], we discuss the DMRS bundling for PUSCH, and we observes that the time window with appropriate size should be configured, since the time domain window size is equal to the interval to update power and calibrate frequency offsets, so that if the interval is longer than necessary duration, it might deteriorate coverage performance.

Observation 1: A time domain window should not be longer than necessary to update power and frequency offsets frequently enough.

It was also agreed to enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling as well as that for PUSCH. In order to study the enhancement of inter-slot frequency hopping pattern, link level simulations were performed. Figure 2 shows the PUCCH link level simulation results applying 8 repetitions with/without frequency hopping and DMRS bundling while changing the size of inter-slot bundling for frequency hopping and time window size for DMRS bundling in FR1 Urban scenario. As shown in Fig.2, PUCCH repetition with joint channel estimation and frequency hopping shows the best performance for both PUCCH format 1 and 3. Furthermore, the longer duration per hop shows better performance compared to the shorter duration per hop. Therefore, it is observed that the largest gain can be reached when the duration per hop is equal to the time domain window size, so that we conclude a following proposal.

Observation 2: A longer duration per hop introduces a higher joint channel estimation gain. The largest gain can be reached when the duration per hop is equal to the time domain window size.

Proposal 2: Time domain window size should be implicitly determined, when the duration per hop is explicitly determined. If time domain window size is explicitly determined, it is not necessary to explicitly indicate the duration per hop.
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(a) PUCCH format 1 (NACK to ACK probability)
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(b) PUCCH format 1 (ACK missed detection probability)
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(c) PUCCH format 3
Figure 2. PUCCH link level simulation results applying 8 repetitions 
with/without frequency hopping and DMRS bundling in FR1 Urban scenario.


3. Conclusion
In this contribution, we discussed on the potential techniques for PUCCH for coverage enactments. Based on the discussion we made following proposals.

Proposal 1: PUCCH repetition factures can be configured in the PUCCH resource field in PUCCH-Config IE.

Observation 1: A time domain window should not be longer than necessary to update power and frequency offsets frequently enough.

Observation 2: A longer duration per hop introduces a higher joint channel estimation gain. The largest gain can be reached when the duration per hop is equal to the time domain window size.

Proposal 2: Time domain window size should be implicitly determined, when the duration per hop is explicitly determined. If time domain window size is explicitly determined, it is not necessary to explicitly indicate the duration per hop.
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PUCCH - Config   information element   --   ASN1START   --   TAG - PUCCH - CONFIG - START     ---   PUCCH - ResourceSetId ::=                  INTEGER   (0..maxNrofPUCCH - ResourceSets - 1)     PUCCH - Resource ::=                       SEQUENCE   {        pucch - ResourceId                        PUCCH - ResourceId,        startingPRB                             PRB - Id,        intraSlotFrequencyHopping                ENUMERATED   { enabled }                                                 OPTIONAL ,  --   Need R        secondHopPRB                            PRB - Id                                                                 OPTIONAL ,  --   Need R        nrofSlots                                ENUMERATED   {n2,n4,n8}                                                  OPTIONAL ,  --   Need S        format                                   CHOICE   {            format0                                 PUCCH - format0,            format1                                 PUCCH - format1,            format2                                 PUCCH - format2,             format3                                 PUCCH - format3,            format4                                 PUCCH - format4        }   }   ---  
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