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Introduction
In Rel.18 NR-NTN coverage enhancement, PUCCH repetition for Msg4 HARQ-ACK and DMRS bundling for PUSCH has been discussed. In September, RAN1 specifications for Rel.18 was released. On the other hand, several issues are still remaining. In this document, we discussed the remaining issues on coverage enhancement for NR-NTN. 
Remaining issues on PUCCH enhancement for Msg.4 HARQ-ACK 
For Msg4 PUCCH repetition, both cell specific and dynamic indication of repetition factor are supported. If only one repetition factor is configured via SIB, UE capable of and requesting the repetition uses the configured repetition factor for Msg4 PUCCH repetition. If multiple repetition factors are configured via SIB, UE capable of and requesting the repetition receives UE specific repetition factor. In both cases, gNB needs information on whether the UE is capable of and requesting Msg4 PUCCH repetition. As the container of the UE repetition capability or request, it was agreed to adopt higher layer signaling in Msg3 PUSCH. Regarding the dynamic indication of the Msg4 PUCCH repetition factor, use of DAI field which is reserved for DCI scrambled with TC-RNTI was agreed. 
As remaining issues, RSRP threshold and PUCCH resource configuration are discussed below. 
RSRP threshold for Msg4 PUCCH repetition request
RSRP threshold is used to determine whether to request the Msg4 PUCCH repetition and the following working assumption was agreed in RAN1#112.
	Agreement
The working assumption at the RAN1#112 meeting is superseded by the following agreement:
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold.
· If the RSRP threshold is not configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· Alt B: New RSRP threshold is introduced.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.
· FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements



The FFS point is whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value. 
Regarding the RSRP threshold configuration, UE requiring Msg4 PUCCH repetition always requires Msg3 PUSCH repetition because required SINR for Msg3 PUSCH is higher than required SINR for Msg4 PUCCH. On the other hand, UE requiring Msg3 PUSCH repetition does not necessarily require Msg4 PUCCH repetition according to the past evaluations. Therefore, the possible value should be equal to or lower than the threshold for msg3 PUSCH repetition and can be configured as relative value. Therefore, it is reasonable that RSRP threshold for Msg4 PUCCH repetition is configured as an offset to the RSRP threshold for Msg3 PUSCH repetition. When the offset is zero or not indicated, UE supporting Msg4 PUCCH repetition uses the same threshold as Msg3 PUSCH repetition. This allows to use the same threshold as Msg3 PUSCH repetition. 
The difference of required SNR between Msg3 PUSCH w/o repetition and Msg4 PUCCH w/o repetition is an order of 10 dB according to our evaluation. Offset range 0-15dB would be sufficient. RSRP threshold for Msg3 is signalled as rsrp-ThresholdMsg3-r17 and it has RSRP-Range of INTEGER (0..127), which would be 7 bits expression. When offset is used of 0-15 dB, it would be expressed by 4 bits. Therefore, the relative expression can save 3 bits compared with the absolute value expression. 
Proposal 1: RSRP threshold for Msg4 PUCCH repetition is configured as an offset with range 0-15 dB to the RSRP threshold for Msg3 PUSCH repetition. If the offset is zero or not configured, UE supporting Msg4 PUCCH repetition uses the same threshold as Msg3 PUSCH repetition. 

PUCCH resource for Msg4 PUCCH repetition
When the PUCCH repetition is used for Msg4 PUCCH, the PUCCH resource can be collided as PUCCH repetition utilizeds more PUCCH resources in the common PUCCH resources. In the current specification, only 16 PUCCH resources are available in each slot. Because UE may use up to 8 repetitions, i.e. a PUCCH resource is occupied over up to 8 consecutive slots, the current common PUCCH resource is not sufficeint. Therefore, it is required to extend the common PUCCH resources when PUCCH repetition is used for Msg4 PUCCH. The PUCCH resource extention can be realized by additional offset from the PUCCH for non-repetition case.
The PUCCH resource is defined by PRB offset and cyclic shift index. Common PRB offset indicated via SIB and PRB offset (0 or 1) indicated via PDCCH are used to derive the PRB of the PUCCH. When PUCCH repetition is used for Msg4 PUCCH, additional PRB offset should be supported. The additional PRB offset can be indicated implicitly by the repetition factor. For example, repetition factor 1 and 2 use additional PRB offset 0 while repetition factor 4 and 8 use additional PRB offset 1. Another possibility would be that the n-th (n can be 1,2,3 or 4) repetition factor configured via SIB uses additional PRB offset n-1. 

Proposal 2: Allow to extend common PUCCH resource when Msg4 PUCCH repetition is configured. 
Proposal 3: Additional PRB offset depending on the repetition factor of Msg4 PUCCH should be used for the common PUCCH resource extension. 

Conclusion 
We discussed remaining issues on coverage enhancement for NR-NTN. The following proposals on PUCCH Msg4 repetition are made. 

Proposal 1: RSRP threshold for Msg4 PUCCH repetition is configured as an offset with range 0-15 dB to the RSRP threshold for Msg3 PUSCH repetition. If the offset is zero or not configured, UE supporting Msg4 PUCCH repetition uses the same threshold as Msg3 PUSCH repetition. 
Proposal 2: Allow to extend common PUCCH resource when Msg4 PUCCH repetition is configured. 
Proposal 3: Additional PRB offset depending on the repetition factor of Msg4 PUCCH should be used for the common PUCCH resource extension. 


