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1	Introduction
The following conclusion and working assumptions were made in RAN1#114 [1].
	Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report, 
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.

Conclusion
For NTN-specific PUSCH DMRS bundling, 
· For UE assistance information (i.e., report by signaling other than UE capability report),
· No consensus on whether to support Option 2b/2c/2d

Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.

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The working assumption at the RAN1#112 meeting is superseded by the following agreement: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 transmits repetition request 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



In addition, the following may be discussed in this meeting according to the FL summary [2].
	It is noted that at least signaling details of RSRP threshold and dynamic indication details in DAI field are to be discussed in maintenance phase.




2	Discussion
2.1	PUCCH repetition for Msg4 HARQ-ACK

2.1.1 Signalling details of RSRP threshold
Let's consider a scenario where the RSRP threshold is configured for PUCCH repetition for Msg4 HARQ-ACK. The UE can request PUCCH repetition for Msg4 HARQ-ACK when the measured RSRP falls below this threshold. In Release 17 CE for Msg3 repetition, the threshold for Msg3 repetition is indicated by rsrp-ThresholdMsg3-r17. This particular threshold can be repurposed for PUCCH repetition with respect to Msg4 HARQ-ACK due to the analogous characteristics between the transport channel state for Msg3 and the PUCCH for Msg4 HARQ-ACK. By making a slight adjustment, either through addition or subtraction of a constant value to rsrp-ThresholdMsg3-r17, the UE can interpret the resulting value as the threshold for initiating PUCCH repetition for Msg4 HARQ-ACK.
On the other hand, we expect that the threshold for repetitive transmission of Msg3 and the threshold for repetitive transmission of Msg4 HARQ-ACK will be different. In a channel that requires repetitive transmission of Msg4 HARQ-ACK, Msg3 may not need to be repeatedly transmitted. Additionally, some UEs do not support the repetitive transmission of Msg3 but may have the capability for repetitive transmission of Msg4 HARQ-ACK. In such cases, it is possible that the UE will not be able to acquire parameters for the configured Msg3 repetitive transmission. Therefore, new RRC parameters can be defined to indicate the RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK, such as 'rsrp-thresholdMsg4HARQ-Ack-r18'.
Observation 1: Parameters for the repeated transmission of Msg3 may not be obtained, depending on the UE's capability or the channel situation.

Proposal 1: If parameters for the repeated transmission of Msg3 are configured, and the UE has the capability to transmit Msg3 repeatedly (a capable UE), the threshold for Msg3 repetition can be repurposed for PUCCH retransmission of Msg4 HARQ-ACK. This can be achieved by adjusting the rsrp-ThresholdMsg3-r17 value, either through addition or subtraction of a constant.
Proposal 2: Some new RRC parameters can be defined to indicate absolute values of RSRP-Threshold for PUCCH repetition for Msg4 HARQ-ACK like “rsrp-thresholdMsg4HARQ-Ack-r18”.


2.1.2 Dynamic indication details in DAI field  

In RAN1 #113, following agreements are made [3]:
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, 
· Support Alt 1-1d for dynamic indication of repetition factor:
· Alt 1-1d: DAI field
-    DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for indication.



To indicate the repetition factor, it is agreed that the 2-bits DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used. Also, following agreements are made in RAN1 #110-bis-e [4]:

	[bookmark: _Hlk117153843]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




After performing a link budget calculation and various link-level simulations, it was determined that the maximum number of repetitions would be 8, and an agreement was reached to have four indexes for the required number of repetitions: 1, 2, 4, and 8.

Following working assumptions are made in RAN1 #111 [5]: 
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
FFS: whether one or more UE capabilities are needed for the above is for further discussion



The working assumption mentioned above implies that there are two methods for indicating repetition factors via SIB: one for a single repetition factor and another for multiple repetition factors. 

Following proposals are made in RAN1 #114 [2]: 
	Proposal 1-2_v1
With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI, one option is down-selected from the following options:
· Option 1: 2 bits are used regardless of the number of configured repetition factors
· Option 1a: Repetition factors {1, 2, 4, 8} are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. Codepoint(s) corresponding to unconfigured repetition factor(s) is(are) not used.
· Option 1b: the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 3rd and/or the 4th repetition factors is/are not configured, the corresponding codepoint(s) (i.e., ‘10’ and/or ‘11’) is(are) not used.
· Option 2: 1 bit or 2 bits are used based on the number of configured repetition factors
· If 2 repetition factors are configured, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of 1 bit LSB of 2 bits DAI field, respectively. The remaining one bit is reserved.
· If 3 or 4 repetition factors are configured, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 4th repetition factor is not configured, the corresponding codepoint (i.e., ‘11’) is not used.



If only one repetition factor appears in the SIB, the user cannot determine how many configurations exist for the number of repetitions. Therefore, the user should assume that there are four configurations and consider both 2 bits of the DAI field as repetition configurations. Consequently, when only one repetition index is configured in the SIB, it should operate like option 1-b.

On the other hand, if multiple factors from {1, 2, 4, 8} are configured via SIB, the user can implicitly know which bits of the DAI field indicate the number of repetitions. For example, if multiple factors from {1, 2} are configured via SIB, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of 1 bit LSB of 2 bits DAI field, respectively and the remaining one bit is reserved. As another example, if multiple factors from {1, 2, 4, 8} are configured via SIB, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. Option2 is preferred in this case.

Observation 2: There are two methods for indicating repetition factors via SIB: one for a single repetition factor and another for multiple repetition factors. If only one repetition factor appears in the SIB, the user cannot determine how many configurations exist for the number of repetitions.
Proposal 3: When only one repetition index is configured in the SIB, it should operate like option 1-b. Conversely, if multiple factors from {1, 2, 4, 8} are configured via SIB, option2 is preferred choice.

2.2	DMRS bundling for PUSCH taking into account NTN-specifics
In RAN1#114, it was agreed that UE reports the max TDW size fulfilling the phase difference limit requirement as UE capability report for NTN specific PUSCH DMRS bundling. According to 38.214 [6] 6.1.7, the nominal TDW size might be given pusch-TimeDomainWindowLength, if configured, where the value of pusch-TimeDomainWindowLength shall not exceed the maximum duration for DMRS bundling for PUSCH as specified in 38.306 [7], or it might be computed as min (maxDurationDMRS-Bundling, M), if pusch-TimeDomainWindowLength is not configured, where maxDurationDMRS-Bundling is the maximum duration for a nominal TDW subject to UE capability [7, 38.306], M is the time duration in consecutive slots of  PUSCH transmissions, and where N is the number of slots used for TBS determination and K is the number of (nominal) repetition. 

	38.331 6.3.2

	
DMRS-BundlingPUSCH-Config information element
-- ASN1START
-- TAG-DMRS-BUNDLINGPUSCH-CONFIG-START
DMRS-BundlingPUSCH-Config-r17 ::=          SEQUENCE {
    pusch-DMRS-Bundling-r17                    ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    pusch-TimeDomainWindowLength-r17           INTEGER (2..32)                                                 OPTIONAL,   -- Need S
    pusch-WindowRestart-r17                    ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    pusch-FrequencyHoppingInterval-r17         ENUMERATED {s2, s4, s5, s6, s8, s10, s12, s14, s16, s20}        OPTIONAL,   -- Need S
    ...
}
-- TAG-DMRS-BUNDLINGPUSCH-CONFIG-STOP
-- ASN1STOP

	38.331 6.3.3

	
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
RF-Parameters ::=                                   SEQUENCE {
========================== Omitted ==============================
    -- R1 30-4: The maximum duration for DM-RS bundling
    maxDurationDMRS-Bundling-r17              SEQUENCE {
        fdd-r17                                   ENUMERATED {n4, n8, n16, n32}            OPTIONAL,
        tdd-r17                                   ENUMERATED {n2, n4, n8, n16}             OPTIONAL
    }
========================== Omitted ==============================
}
-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP



In 38.331 [8], the value ranges of pusch-TimeDomainWindowLength and maxDurationDMRS-Bundling are denoted as pusch-TimeDomainWindowLength=INTEGER (2..32), maxDurationDMRS-Bundling (fdd-r17)=ENUMERATED {n4, n8, n16, n32} respectively. And they have the relationship, which is that pusch-TimeDomainWindowLength shall not exceed maxDurationDMRS-Bundling (i.e., pusch-TimeDomainWindowLength  maxDurationDMRS-Bundling). 
Considering that NTN specific PUSCH DMRS bundling was originated from the intention to support VoIP in NTN scenarios, there is some mismatches between VoIP packet arrival interval (20 ms) and maxDurationDMRS-Bundling. In other words, in legacy NR, only the UE with (maxDurationDMRS-Bundling=n32) might be possible to utilize full DMRS bundling operation within VoIP packet arrival interval (20 ms) because the other maxDurationDMRS-Bundling values (e.g., n4, n8, n16) are less than n20. If the UE is capable of maxDurationDMRS-Bundling=n20, the UE might report n16 because there is no value of n20 in maxDurationDMRS-Bundling. This might cause unnecessary performance loss to the UEs capable of (n20 maxDurationDMRS-Bundling<n32) because DMRS bundling operation might be limited within 16 slots by maxDurationDMRS-Bundling=n16 although UEs have the capability to use DMRS bundling operation within 20 ms. 
To accommodate more UEs (especially, the UEs capable of (n20 maxDurationDMRS-Bundling<n32) into full DMRS bundling operation for PUSCH VoIP within VoIP packet arrival time (20 ms), n20 might be needed for maxDurationDMRS-Bundling. And optionally, other possible values of M= (e.g. M={n2, n3, n6, n7, n12, n14, n24, n28}, which are less than or equal to n32), might be considered for maxDurationDMRS-Bundling to accommodate more UEs into their own capable DMRS bundling operation.

Observation 3: In legacy NR, only the UE with (maxDurationDMRS-Bundling=n32) might be possible to utilize full DMRS bundling operation within VoIP packet arrival interval (20 ms) because the other values (n4, n8, n16) of maxDurationDMRS-Bundling are less than n20.
Observation 4: In legacy NR, unnecessary performance loss might occur for the UEs capable of (n20 maxDurationDMRS-Bundling <n32) because DMRS bundling operation might be limited within 16 slots by (maxDurationDMRS-Bundling =n16).

Proposal 4: Consider to introduce finer granularity on maxDurationDMRS-Bundling among the followings
· Option 1: INTEGER (2..32)
· maxDurationDMRS-Bundling = INTEGER (2..32)
· Option 2: add one or more values among (n2, n3, n6, n7, n12, n14, n20, n24, n28)
· maxDurationDMRS-Bundling =ENUMERATED {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28 n32}
· Note1: {n20} might be needed for accommodating more UEs (especially, UEs capable of (n20 maxDurationDMRS-Bundling<n32) into full DMRS operation within VoIP packet arrival interval (20 ms)
· Note2: {n2, n3, n6, n7, n12, n14, n20, n24, n28} are derived from possible values of M= 
(M is specified in 38.214 6.1.7.)

Proposal 5: Consider to adapt the following TP on 38.331 6.3.3. 
· Option 1: INTEGER (2..32)
	
--------------------------------- Start of TP for 38.331 6.3.3 ----------------------------------
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
RF-Parameters ::=                                   SEQUENCE {
========================== Omitted ==============================
maxDurationDMRS-BundlingNTN-r18              SEQUENCE {
        fdd-r18                                   INTEGER (2..32)            OPTIONAL,
        tdd-r18                                   INTEGER (2..32)            OPTIONAL
    }
========================== Omitted ==============================
}
-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP
---------------------------------- End of TP for 38.331 6.3.3---------------------------------

	reason for change : maxDurationDMRS-Bundling‘s granularity is too wide to support full DMRS bundling for PUSCH VoIP interval (20 ms).
summary of change :introduce maxDurationDMRS-BundlingNTN-r18 as INTEGER (2..32)
consequences if not approved : unnecessary performance loss might occur for the UEs (especially, UEs capable of (n20≤ maxDurationDMRS-Bundling <n32) because DMRS bundling might be limited by maxDurationDMRS-Bundling.



· Option 2: add one or more values among (n2, n3, n6, n7, n12, n14, n20, n24, n28)
	
--------------------------------- Start of TP for 38.331 6.3.3----------------------------------
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
RF-Parameters ::=                                   SEQUENCE {
========================== Omitted ==============================
maxDurationDMRS-BundlingNTN-r18              SEQUENCE {
        fdd-r18                                   ENUMERATED {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28, n32}            OPTIONAL,
        tdd-r18                                   ENUMERATED {n2, n4, n8, n16}             OPTIONAL
    }
========================== Omitted ==============================
}
-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP
---------------------------------- End of TP for 38.331 6.3.3---------------------------------

	reason for change : maxDurationDMRS-Bundling‘s granularity is too wide to support full DMRS bundling for PUSCH VoIP interval (20 ms).
summary of change : introduce maxDurationDMRS-BundlingNTN-r18 and add values (n2, n3, n6, n7, n12, n14, n20, n24, n28).
consequences if not approved : unnecessary performance loss might occur for the UEs (especially, UEs capable of (n20≤ maxDurationDMRS-Bundling <n32) because DMRS bundling might be limited by maxDurationDMRS-Bundling







3	Conclusion
In this contribution, the following observations and proposals are made.
Observation 1: Parameters for the repeated transmission of Msg3 may not be obtained, depending on the UE's capability or the channel situation.
Observation 2: There are two methods for indicating repetition factors via SIB: one for a single repetition factor and another for multiple repetition factors. If only one repetition factor appears in the SIB, the user cannot determine how many configurations exist for the number of repetitions.
Observation 3: In legacy NR, only the UE with (maxDurationDMRS-Bundling=n32) might be possible to utilize full DMRS bundling operation within VoIP packet arrival interval (20 ms) because the other values (n4, n8, n16) of maxDurationDMRS-Bundling are less than n20.
Observation 4: In legacy NR, unnecessary performance loss might occur for the UEs capable of (n20 maxDurationDMRS-Bundling <n32) because DMRS bundling operation might be limited within 16 slots by (maxDurationDMRS-Bundling =n16).

Proposal 1: If parameters for the repeated transmission of Msg3 are configured, and the UE has the capability to transmit Msg3 repeatedly (a capable UE), the threshold for Msg3 repetition can be repurposed for PUCCH retransmission of Msg4 HARQ-ACK. This can be achieved by adjusting the rsrp-ThresholdMsg3-r17 value, either through addition or subtraction of a constant.
Proposal 2: Some new RRC parameters can be defined to indicate absolute values of RSRP-Threshold for PUCCH repetition for Msg4 HARQ-ACK like “rsrp-thresholdMsg4HARQ-Ack-r18”.
Proposal 3: When only one repetition index is configured in the SIB, it should operate like option 1-b. Conversely, if multiple factors from {1, 2, 4, 8} are configured via SIB, option2 is preferred choice.
Proposal 4: Consider to introduce finer granularity on maxDurationDMRS-Bundling among the followings
· Option 1: INTEGER (2..32)
· maxDurationDMRS-Bundling = INTEGER (2..32)
· Option 2: add one or more values among (n2, n3, n6, n7, n12, n14, n20, n24, n28)
· maxDurationDMRS-Bundling =ENUMERATED {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28 n32}
· Note1: {n20} might be needed for accommodating more UEs (especially, UEs capable of (n20 maxDurationDMRS-Bundling<n32) into full DMRS operation within VoIP packet arrival interval (20 ms)
· Note2: {n2, n3, n6, n7, n12, n14, n20, n24, n28} are derived from possible values of M= 
(M is specified in 38.214 6.1.7.)
Proposal 5: Consider to adapt the following TP on 38.331 6.3.3. 
· Option 1: INTEGER (2..32)
	
--------------------------------- Start of TP for 38.331 6.3.3 ----------------------------------
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
RF-Parameters ::=                                   SEQUENCE {
========================== Omitted ==============================
maxDurationDMRS-BundlingNTN-r18              SEQUENCE {
        fdd-r18                                   INTEGER (2..32)            OPTIONAL,
        tdd-r18                                   INTEGER (2..32)            OPTIONAL
    }
========================== Omitted ==============================
}
-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP
---------------------------------- End of TP for 38.331 6.3.3---------------------------------

	reason for change : maxDurationDMRS-Bundling‘s granularity is too wide to support full DMRS bundling for PUSCH VoIP interval (20 ms).
summary of change :introduce maxDurationDMRS-BundlingNTN-r18 as INTEGER (2..32)
consequences if not approved : unnecessary performance loss might occur for the UEs (especially, UEs capable of (n20≤ maxDurationDMRS-Bundling <n32) because DMRS bundling might be limited by maxDurationDMRS-Bundling.



· Option 2: add one or more values among (n2, n3, n6, n7, n12, n14, n20, n24, n28)
	
--------------------------------- Start of TP for 38.331 6.3.3----------------------------------
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
RF-Parameters ::=                                   SEQUENCE {
========================== Omitted ==============================
maxDurationDMRS-BundlingNTN-r18              SEQUENCE {
        fdd-r18                                   ENUMERATED {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28, n32}            OPTIONAL,
        tdd-r18                                   ENUMERATED {n2, n4, n8, n16}             OPTIONAL
    }
========================== Omitted ==============================
}
-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP
---------------------------------- End of TP for 38.331 6.3.3---------------------------------

	reason for change : maxDurationDMRS-Bundling‘s granularity is too wide to support full DMRS bundling for PUSCH VoIP interval (20 ms).
summary of change : introduce maxDurationDMRS-BundlingNTN-r18 and add values (n2, n3, n6, n7, n12, n14, n20, n24, n28).
consequences if not approved : unnecessary performance loss might occur for the UEs (especially, UEs capable of (n20≤ maxDurationDMRS-Bundling <n32) because DMRS bundling might be limited by maxDurationDMRS-Bundling
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