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1	Introduction
The following agreements and conclusion related to the PUCCH for Msg4 HARQ-ACK enhancement were made in RAN1#110-e bis [1].
	[bookmark: _Hlk118658562]Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· [bookmark: _Hlk118659480]FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4

Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.

Agreement
For PUCCH transmission for Msg4 HARQ-ACK,
· Supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
FFS: whether/how single PUCCH transmission can be configured and/or indicated




In this contribution, the issues for coverage enhancement would be discussed.
2	Discussion 

2.1	PUCCH repetition for Msg4 HARQ-ACK
Coverage enhancement of PUCCH for Msg4 HARQ-ACK can be achieved by repetition. One option for signaling and procedure becomes the cell specific configuration. Because all UEs in an NTN beam/cell suffer from a bad link condition and the channel quality b/w UEs is not so different, the cell specific configuration can be a reasonable solution. The main advantage of the cell specific configuration is simplicity. For example, process and signaling for Coverage enhancement of PUCCH for Msg4 HARQ-ACK can be delivered through SIBs.
Proposal 1:  The cell specific configuration through SIBs can be a reasonable solution for coverage enhancement of PUCCH for Msg4 HARQ-ACK.

The main drawback of cell specific configuration is waste of PUCCH resources. If the number of repeated transmissions of PUCCH for Msg4 HARQ-ACK can be dynamically controlled using fewer resources, the entire resource will be used more efficiently.

If the number of PUCCH retransmissions for Msg4 HARQ-ACK of UE can be dynamically adjusted, gNB can inform the UE of the number of repeated transmissions. In order to determine the number of repeated transmissions, the UE may measure the quality of SSB or CSI-RS to obtain channel information b/w UE-gNB. Based on this information, UE can estimate the link budget of PUCCH for Msg4 HARQ-ACK and inform the need for repetition to the gNB.

The UE capability of PUCCH repetitions for Msg4 HARQ-ACK can be informed similar to the Msg3 repetition technique in Rel. 17 coverage enhancement (CE). In the NR Rel. 17 CE feature, repeated transmission and retransmission of Msg3 were discussed [2] where the number of repeated transmissions can be explicitly delivered through RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1. A similar technique can be utilized to PUCCH retransmissions for Msg4 HARQ-ACK.

For example, UE can inform gNB of its capability of PUCCH repetition for Msg4 HARQ-ACK by using a special PRACH sequence or accessing a specific RO. 
After receiving the information, the gNB can implicitly determine that the UE is capable of repeated PUCCH for Msg4 HARQ-ACK transmission. The number of repeated transmissions can be indicated in the DCI based on the UE's SNR information measured by the gNB.

Specifically, the following procedure can be used: 
1. UE detects SSB signal transmitted from satellite gNB and sends PRACH for initial access. If UE is able to use NR Rel. 17 CE feature, it will approach a specific RO or use a special PRACH sequence that can implicitly inform the UE capability.
2. If the UE successfully detects RAR message, UE will transmit MSG3. 
3. Upon receiving this message, the gNB determines the number of retransmissions to successfully receive the PUCCH for Msg4 HARQ-ACK based on UE's signal quality information measured by gNB. Repeat transmission count of PUCCH for Msg4 HARQ-ACK and resource allocation information can be transmitted by reusing some of the fields of DCI 1_0 scrambled by TC-RNTI when sending MSG4. Since gNB knows from step 1 that the UE has retransmission capability of PUCCH for Msg4 HARQ-ACK, gNB expects that the field of the reused DCI can be decoded at UE.

Observation 1: For dynamic transmission, UE can inform its retransmission capability of PUCCH for Msg4 HARQ-ACK to gNB, and gNB can inform the number of repetitions to UE.  

Proposal 2: The procedure of PUCCH repetitions for Msg4 HARQ-ACK can reuse the NR Rel. 17CE's MSG3 retransmission/repetition method. The UE can inform gNB that it has the capability to repeat PUCCH for Msg4 HARQ-ACK by approaching a specific RO set by the gNB or using a new PRACH sequence. The number of retransmissions of PUCCH for Msg4 HARQ-ACK can be determined based on the previous signal sent by the UE, and this information can be transmitted via DCI. 

The following link budget result for PUCCH for Msg4 HARQ-ACK were calculated in [1, Sec 4.1.4]
	The following are list of the rationale on why such a value is proposed.
[3/HW, HiSi]: 
10 rep w/o FH: (Required SNR) – (CNR) = (-7.99) – (-8.04) = 0.05 dB
12 rep w/o FH: (Required SNR) – (CNR) = (-8.47) – (-8.04) = -0.43 dB
8 w/ FH: (Required SNR) – (CNR) = (-7.65) – (-8.04) = 0.39 dB
10 w/ FH: (Required SNR) – (CNR) = (-8.15) – (-8.04) = -0.11 dB
[5/vivo]:
2 rep: (Required SNR) – (CNR) = (-6.16) – (-7.61) = 1.45 dB
4 rep: (Required SNR) – (CNR) = (-9.11) – (-7.61) = -1.50 dB
[6/ZTE]: 
no rep: (Required SNR) – (CNR) = (?) – (-8.1) = 4.5 dB
2 rep: (Required SNR) – (CNR) = (?) – (-8.1) = ? dB
[7/OPPO]:
no rep for 2 bits UCI: (Required SNR) – (CNR) = (-3.93) – (-8.11) = 4.18 dB
‘the repetition gain can be estimated by 10*log(number of repetition)’
[8/CATT]:
2 rep w/o FH w/ 1T2R w/ 4 symbols: (Required SNR) – (CNR) = (-9.0) – (-10.6) = 1.6 dB
4 rep w/o FH w/ 1T2R w/ 4 symbols: (Required SNR) – (CNR) = (-12.5) – (-10.6) = -1.9 dB
no rep w/o FH w/ 1T2R w/ 14 symbols: (Required SNR) – (CNR) = (-8.8) – (-10.6) = 1.8 dB
2 rep w/o FH w/ 1T2R w/ 14 symbols: (Required SNR) – (CNR) = (-12.7) – (-10.6) = -2.1 dB
[15/Apple]:
	‘Considering that PUCCH format 1 (with up to 8 repetitions) can meet the performance requirement’
[16/Ericsson]:
no rep w/ 1T2R: (Required SNR) – (CNR) = (-6.7) – (-8.1) = 1.4 dB
2 rep w/ 1T2R: (Required SNR) – (CNR) = (-8.3) – (-8.1) = -0.3 dB
[19/Pana]:
2 rep: (Required SNR) – (CNR) = (-7.9) – (-8.1) = 0.2 dB
4 rep: (Required SNR) – (CNR) = (-11.0) – (-8.1) = -2.9 dB
8 rep: (Required SNR) – (CNR) = (-13.6) – (-8.1) = -5.5 dB
[21/DCM]:
8 rep: (Required SNR) – (CNR) = (-11.9) – (-8.2) = -3.7 dB

The yellow-highlighted part is unclear why they choose the parameters/values.




Based on the above results, it is analyzed that the worst case needs 4-5dB more gain at the SNR, which would require at least 4 repetitions. However, considering that the channel may get worse, we propose the maximum number of repetitions is necessary up to 8 times.
 
Observation 2: The worst case from the simulation results submitted by contributing companies requires an SNR gain of 4-5 dB. However, depending on the channel fading, more SNR gain may be required.
Proposal 3: Up to 8 repetitions are required.


3	Conclusion

Observation 1: For dynamic transmission, UE can inform its retransmission capability of PUCCH for Msg4 HARQ-ACK to gNB, and gNB can inform the number of repetitions to UE.  
Observation 2: The worst case from the simulation results submitted by contributing companies requires an SNR gain of 4-5 dB. However, depending on the channel fading, more SNR gain may be required.

Proposal 1:  The cell specific configuration through SIBs can be a reasonable solution for coverage enhancement of PUCCH for Msg4 HARQ-ACK.
Proposal 2: The procedure of PUCCH repetitions for Msg4 HARQ-ACK can reuse the NR Rel. 17CE's MSG3 retransmission/repetition method. The UE can inform gNB that it has the capability to repeat PUCCH for Msg4 HARQ-ACK by approaching a specific RO set by the gNB or using a new PRACH sequence. The number of retransmissions of PUCCH for Msg4 HARQ-ACK can be determined based on the previous signal sent by the UE, and this information can be transmitted via DCI.
Proposal 3: Up to 8 repetitions are required.
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