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1	Introduction
In RAN1#114b, 3 UE features (FG 44-1, FG 44-2, FG 44-3) for R18 NR NTN enhancements were discussed [1] and the following agreements were made [2].
	Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	FFS
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources Msg4 HARQ-ACK
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional without capability signaling



Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



Agreement: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset Measurement and Report for Multi-RTT positioning with single satellite in NTN
[2. Support of assistance information report [to mitigate the timing error] in Multi-RTT positioning in NTN]
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period

	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling


· 




2	Discussion
2.1	Issue 1: FG 44-1
In RAN1 #114-bis, following agreements were made [3]:
	Agreement
For RSRP threshold to determine whether capability of PUCCH repetition on common PUCCH resources is reported or not, 
Option 1: the RSRP threshold is signaled as an absolute value, i.e. not as a relative value to RSRP threshold for R17 Msg3 repetition



The above description mentions that the RSRP threshold for Msg4 HARQ-ACK repetition should be specified in system information separately from the rsrpThresholdMsg3-r17 in BWP-UplinkCommon. Therefore, the UE should have the capability to obtain RSRP threshold from system information and determine from it whether the repetition of Msg4 HARQ-ACK is needed or not.
Proposal 1: Update the components for FG 44-1 considering recent agreement related to RSRP threshold for Msg4 HARQ-ACK. Consider to update FG 44-1 as followings (changes in red).

	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
7. Support receiving RSRP threshold for Msg4 HARQ-ACK repetition in system information
	FFS
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources Msg4 HARQ-ACK
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional without capability signaling



Proposal 1 serves as an example of adding components to support RSRP information in NTN UEs. It is anticipated that detailed work on the acquisition and utilization of RSRP will be required.


2.2	Issue 2: FG 44-2 
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 as below [4].
	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.



According to 38.214 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 TS 38.306, 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 [13, TS 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, 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 1: 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 2: 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 2: 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 3: Consider to update FG 44-2 as followings (changes in red)
· Option 1: INTEGER (2..32)
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
4. Reports the max TDW size it can support by fulfilling the phase difference limit requirement
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Component 4 candidate values for 
· FDD: INTEGER (2..32)
· TDD: INTEGER (2..32)


Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



· Option 2: add one or more values among (n2, n3, n6, n7, n12, n14, n20, n24, n28)
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
4. Reports the max TDW size it can support by fulfilling the phase difference limit requirement
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Component 4 candidate values for 
· FDD: {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28 n32}
· TDD: {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28, n32}

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



Proposal 4: Consider to adapt the following TP on 38.331 6.3.3. (changes in red)
· 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, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28, n32}            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: 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 2: 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: Update the components for FG 44-1 considering recent agreement related to RSRP threshold for Msg4 HARQ-ACK. Consider to update FG 44-1 as followings (changes in red).
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
7. Support receiving RSRP threshold for Msg4 HARQ-ACK repetition in system information
	FFS
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources Msg4 HARQ-ACK
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional without capability signaling



Proposal 2: 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 3: Consider to update FG 44-2 as followings (changes in red)
· Option 1: INTEGER (2..32)
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
4. Reports the max TDW size it can support by fulfilling the phase difference limit requirement
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Component 4 candidate values for 
· FDD: INTEGER (2..32)
· TDD: INTEGER (2..32)


Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



· Option 2: add one or more values among (n2, n3, n6, n7, n12, n14, n20, n24, n28)
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
4. Reports the max TDW size it can support by fulfilling the phase difference limit requirement
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Component 4 candidate values for 
· FDD: {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28 n32}
· TDD: {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28, n32}

Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling



Proposal 4: Consider to adapt the following TP on 38.331 6.3.3. (changes in red)
· 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, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28, n32}            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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