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1	Introduction
The following conclusion and working assumptions were made in RAN1#111 [1].
	[bookmark: _Hlk118658562]Conclusion
For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.

Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling

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



In addition, the following may be discussed in RAN1#112 according to the FL summary [2].
	FL assumes that at least the following should be discussed in the next meeting while plan may be changed after further consideration.
· For PUCCH of Msg4 HARQ-ACK
· For semi-static: request/capability report
· For dynamic: request/capability report, dynamic indication details, etc.
· FH
· For PUSCH DMRS bundling
· What is expected UE behavior within a TDW in NTN
· Required TDW length and maximum available length
· Listing options of what RAN1 need to do for DMRS bundling in NTN



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

2.1	PUCCH repetition for Msg4 HARQ-ACK

In the previous RAN1 meeting #111, working assumptions were established for indicating the number of repetitions of PUCCH for Msg4 HARQ-ACK via SIB. To repeatedly transmit PUCCH for Msg4 HARQ-ACK, a new RRC parameter for indicating the number of repetitions in SIB may be defined. A capable user is a UE that can decode this newly-defined field for PUCCH for Msg4 HARQ-ACK repeated transmission in the SIB. 

Proposal 1: New fields or RRC parameters for PUCCH for Msg4 HARQ-ACK repeated transmission can be defined in the SIB.

When the gNB transmits parameters necessary for the repeated transmission of PUCCH for Msg4 HARQ-ACK through SIB, the capable UE can recognize whether gNB supports repetitive transmission. 
If only one repetition factor is configured via SIB, all capable users in the cell transmit at the same number of repeated transmissions. The user who decoded the RRC in the SIB can repeatedly transmit the PUCCH Msg4 HARQ a predetermined number of times. The UE may inform capability to gNB by accessing a specific RO or by transmitting Msg3 with capability information. 
If a capable user does not report capability, the gNB can allocate uplink resources for receiving HARQ for Msg4 equal to the corresponding repeated transmission size to all users. It can lead to a waste of uplink resources, but there is an advantage that the user does not have to report capability.

Observation 1: If only one repetition factor is configured via SIB, all capable users will repeat HARQ for Msg4 the same number of times, and legacy user will only transmit once, so there is no need to transmit the number of required repetitions.
Observation 2: If only one repetition factor is configured via SIB and a user does not report capability, signaling overhead may decrease from the capable user's point of view as all users are assigned the same uplink resource for HARQ, but in the case of legacy users, this resource may be wasted.

Proposal 2: If only one repetition factor is configured via SIB and a UE reports capability, the capability of the user can be reported by accessing the specific RO set by the gNB or by using the Msg3.

If multiple factors from {1, 2, 4, 8} are configured via SIB, capable user can report its capability to request the required number of repeated transmissions to the gNB or to receive the number of repeated transmissions determined by the gNB. Users who do not request or report capability are considered no different from legacy users.
If the user only reports its capability, it is possible to inform that repeated transmission is capable implicitly by accessing a new separated RO configured by gNB different from the RO accessed by the legacy user, it is possible to inform that repeated transmission is capable implicitly. Otherwise, the UE may inform capability to gNB by transmitting Msg3 with capability information.
The gNB can identify the capable user and inform the number of repeated HARQ transmissions. The gNB can inform the user of the number of repeated transmissions by reusing some field in DCI for Msg4.
If the user requests repetitions, the UE can obtain the required number of repeated transmissions obtained through measurement of the signal transmitted by the base station. Through the obtained number of repetitions, the UE can notify repetition the number of required repetitions through msg 3 PUSCH, and for this purpose, it is necessary to define or reuse Msg3 PUSCH or MAC header to transmit this information.

Observation 3: If multiple factors from {1, 2, 4, 8} are configured via SIB, users who do not request or report capability are considered no different from legacy users.

Proposal 3: If multiple factors from {1, 2, 4, 8} are configured via SIB, capable user should report its capability or request the required number of repeated transmissions.
Proposal 4: If the user only reports its capability, the user can report its capability by accessing a new separated RO configured by gNB or by using Msg3.
Proposal 5: If the user only reports its capability, the number of repetitions can be transmitted by using DCI for Msg4.
Proposal 6: If the user requests repetitions, the UE can request the number of repetitions for the PUCCH for Msg4 HARQ-ACK by using the Msg3.

Even if the UE reports the number of repetitions, the required number of repeated transmissions according to the measurement result of the gNB may be different from this, and the necessary number of repeated transmissions may be delivered to the DCI of Msg4. When the UE informs the gNB that it needs repetition for PUCCH for Msg4 HARQ-ACK before receiving Msg4, some fields of DCI of Msg4 may be reused for this purpose. According to section 7-3 of TS 38.212, the DCI format for the given existing Msg4 is as follows (DCI 0_0 with CRC scrambled by TC-RNTI).
	Field (Item)
	Bits

	Identifier for DCI formats
	1

	Frequency domain resource assignment
	Variable

	Time domain resource assignment
	4

	Frequency hopping flag
	1

	Modulation and coding scheme
	5

	New data indicator
	1

	Redundancy version
	2

	HARQ process number
	4

	TPC command for scheduled PUSCH
	2

	ChannelAccess-CPext
	2

	Padding bits
	If required

	UL/SUL indicator
	1



Since the maximum repetition number is 4 times, 2 bits are required. As shown in the table above, in the field for DCI 0_0 with CRC scrambled by TC-RNTI, fields for MCS or HARQ process number or MCS can be reused. 

Observation 4: If gNB uses Msg4 to notice the UE to PUCCH for Msg4 HARQ-ACK repeated transmission, some of the fields in DCI 0_0 with CRC scrambled by TC-RNTI for existing Mag4 can be reused. 2 bits are required for the maximum number of repetitions.

Proposal 7: Among the field for DCI 0_0 with CRC scrambled by TC-RNTI, fields for MCS or HARQ process number can be reused.




2.2	DMRS bundling for PUSCH taking into account NTN-specifics

In [3],  (the TDW length) that can guarantee the timing error limit requirement without TA adjustment, was discussed, and the conclusion seems that the TDW length under the worst case assumption (TA variation=93.0  @ LEO-600, elevation=10, UE velocity=1200 km/h) should be less than 27.9 ms for NB-IoT and 7.5 ms for eMTC respectively. According to [3], the TDW length for NTN would be calculated by using  where  (timing error limit requirement) is specified in 38.133 Table 7.1C.2-1 and  (TA variation) can be calculated by a function of (elevation, satellite altitude, UE velocity) as specified in R1-2103719. The TA variation of {LEO-1200, LEO-600} are given in Figure 1. As given in Figure 1, the TDW length, which could be interpreted as the maximum TA adjustment interval for guaranteeing the timing error limit requirement (, is increasing as elevation angle is getting higher. The TDW length can be a function of {elevation, satellite altitude, UE velocity,  (timing error limit)).

[image: ][image: ]
[bookmark: _Ref126866998]Figure 1: (Left): TA variation vs. elevation 
	 (Right):  (The TDW length for timing error limit)

By using  under the worst case assumption (TA variation=93.0  @ {LEO-600, elevation=10}), the TDW length might be less than 10.15 ms for NTN as given in . Thus, for the worst case (LEO-600, elevation=10), NTN UE might need the TA adjustment within the interval of  slots. According to [4], the elevation angle for VoIP case (case 3,4,6,7) was given by 30. Considering (elevation=30}, the TDW length to guarantee the timing error limit requirement ( which is specified in 38.133 Table 7.1C.2-1 might be less than 11.55 ms for LEO-600, and 13.03 ms for LEO-1200, respectively. 


In [3], the phase discontinuity caused by the TA variation was also discussed, and it might be calculated by . In ,   is the time difference for measuring the phase discontinuity, and  might be the highest subcarrier frequency for the PUSCH transmission, and “delay drift” might be given by the TA variation (if the perfect TA adjustment is assumed), and “phase discontinuity” could be the maximum allowable phase difference for DMRS bundling as specified in 38.101-1 Table 6.4.2.5-1. By using ,  could be a function of (elevation, satellite altitude, UE velocity,  (the number of PUSCH RBs)) as given in  where the maximum allowable phase difference for DMRS bundling might be considered as a constant (set to 30) and  could be considered as the TDW length to guarantee DMRS bundling requirement in 38.101-1 Table 6.4.2.5-1. The TDW length for (LEO-1200, LEO-600) are given in Figure 2. 
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[bookmark: _Ref127176446]Figure 2: (Left) TDW length for DMRS bundling (LEO-1200) 
	(Right) TDW length for DMRS bundling (LEO-600) 

By using  under the assumption (), the TDW length for the DMRS bundling is given by 9.96 ms for {LEO-600, elevation=10}, 11.3 ms for {LEO-600, elevation=30}, and 12.7 ms for {LEO-1200, elevation=30} respectively as presented in . In [5], companies used  from 1 to 6. Hence, the TDW length for the DMRS bundling might be less than 1.66~9.96 ms for {LEO-600, elevation=10}, 1.89~11.33 ms for {LEO-600, elevation=30}, and 2.13~12.79 ms for {LEO-1200, elevation=30} respectively. 


Thus, according to above, the maximum available TDW length might be determined as given in  depending on TA variation (which might depend on elevation angle, satellite altitude, UE velocity), Timing Error Limit (which might depend on SSB SCS, UL SCS), and PUSCH resource (which is depending on the highest subcarrier frequency or the start/size of RB for UL transmission). 


Consequently, the DMRS bundling/joint channel estimation (JCE) for NR NTN might be considered within the TDW length to guarantee the timing error limit in 38.133 Table 7.1C.2-1 and the DMRS bundling requirement in 38.101-1 Table 6.4.2.5-1. The TDW length for the DMRS bundling (1.89~11.33 ms for LEO-600, 2.13~12.79 ms for LEO-1200) might be smaller than the TDW length for the timing error limit (11.55 ms for LEO-600, 13.03 ms for LEO-1200). Thus, the maximum TDW length might depend on  (the TDW length for the DMRS bundling), rather than  (the TDW length for the timing error limit). Additionally, compared to the TDW length for NB-IoT (27.9 ms)/eMTC (7.5 ms), the TDW length for NR NTN might be closer to eMTC rather than NB-IoT. According to [5], most companies evaluated PUSCH VoIP with the 20 repetitions (20 ms), since the VoIP packet arrives at every 20 ms. During 20 repetitions, at least 1 TA adjustment might be necessary in order to guarantee the above 2 requirements because the TDW lengths might be less than 20 ms. Roughly, the TDW length might be half of 20 ms with 1 RB assumption. The bundling across all the 20 repetitions with DMRS bundling/JCE might be impossible and half of the bundling gain might be lost. Hence, the link budget gap to be enhanced might be degraded by more than 2~3 dB. According to [5], the average link budget gap to be enhanced for PUSCH VoIP might be around 2.64 dB. (if the best/worst are excluded, 2.45 dB). Thus, the average link budget gap for PUSCH VoIP might be more than 4.64~5.64 dB (if the best/worst are excluded, more than 4.45 dB~5.45 dB). In order to mitigate the link budget gap, the enhancement techniques including 2 transmit antenna, polarization type mismatch compensation might be considered in combination with the DMRS bundling/JCE. Additionally, the NTN specific TA drift and/or its compensation might be the one of the events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions within the nominal TDW.

Observation 5: The TDW length might be configured based on (all of the followings/the subset of the followings)
· TA variation (elevation, satellite altitude, UE velocity)
· Timing Error Limit (SSB SCS, UL SCS)
· PUSCH resource (the highest subcarrier freq.) 
· Note: UE velocity might have less impact on TA variation than other 2 variables (elevation, satellite altitude)
Observation 6: The value of the TDW length might be configured
· LEO-600, elevation10: max TDW length = (9 ms @ 1 RB)
· LEO-600, elevation30: max TDW length  (11 ms @ 1 RB)
· LEO-1200, elevation30: max TDW length (12 ms @ 1 RB)
Observation 7: The link budget gap for the PUSCH VoIP in RAN1#110-e might be degraded by more than 2~3 dB with 1 RB assumption because the TDW length might be less than 20 ms.
· The average gap with 20 repetition and DMRS bundling/JCE might be 2.64 dB
· The average gap with 10 repetition and DMRS bundling/JCE might be more than 4.64~5.64 dB.

Proposal 8: The DMRS bundling/the joint channel estimation for NR NTN might be considered within the TDW length to guarantee the followings.
· the timing error limit in 38.133 Table 7.1C.2-1
· the DMRS bundling requirement in 38.101-1 Table 6.4.2.5-1
· Note: the timing error limit in 38.133 Table 7.1C.2-1 might have less impact on TDW length than the DMRS bundling requirement in 38.133 Table 6.4.2.5-1.
Proposal 9: the NTN-specific TDW length might be configured by sharing all/the subset among the followings between gNB and UE.
· TA variation (elevation, satellite altitude, UE velocity)
· Timing Error Limit (SSB SCS, UL SCS)
· PUSCH resource (the highest subcarrier freq., or start/size of PUSCH RBs)
Proposal 10: The NTN specific TA drift and/or its compensation might be considered as the one of the events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions within the nominal TDW.
Proposal 11: To mitigate the link budget gap for the PUSCH VoIP, the following enhancement techniques might be considered in combination with the DMRS bundling/JCE.
· 2 transmit antenna
· polarization type mismatch compensation 
3	Conclusion
Observation 1: If only one repetition factor is configured via SIB, all capable users will repeat HARQ for Msg 4 the same number of times, and legacy user will only transmit once, so there is no need to transmit the number of required repetitions.
Observation 2: If only one repetition factor is configured via SIB and a user does not report capability, signaling overhead may decrease from the capable user's point of view as all users are assigned the same uplink resource for HARQ, but in the case of legacy users, this resource may be wasted.
Observation 3: If multiple factors from {1, 2, 4, 8} are configured via SIB, users who do not request or report capability are considered no different from legacy users.
Observation 4: If gNB uses Msg4 to notice the UE to PUCCH for Msg4 HARQ-ACK repeated transmission, some of the fields in DCI 0_0 with CRC scrambled by TC-RNTI for existing Mag4 can be reused. 2 bits are required for the maximum number of repetitions.
Observation 5: The TDW length might be configured based on (all of the followings/the subset of the followings)
· TA variation (elevation, satellite altitude, UE velocity)
· Timing Error Limit (SSB SCS, UL SCS)
· PUSCH resource (the highest subcarrier freq.) 
· Note: UE velocity might have less impact on TA variation than other 2 variables (elevation, satellite altitude)
Observation 6: The value of the TDW length might be configured
· LEO-600, elevation10: max TDW length = (9 ms @ 1 RB)
· LEO-600, elevation30: max TDW length  (11 ms @ 1 RB)
· LEO-1200, elevation30: max TDW length (12 ms @ 1 RB)
Observation 7: The link budget gap for the PUSCH VoIP in RAN1#110-e might be degraded by more than 2~3 dB with 1 RB assumption because the TDW length might be less than 20 ms.
· The average gap with 20 repetition and DMRS bundling/JCE might be 2.64 dB
· The average gap with 10 repetition and DMRS bundling/JCE might be more than 4.64~5.64 dB.

Proposal 1: New fields or RRC parameters for PUCCH for Msg4 HARQ-ACK repeated transmission can be defined in the SIB.
Proposal 2: If only one repetition factor is configured via SIB and a UE reports capability, the capability of the user can be reported by accessing the specific RO set by the gNB or by using the Msg3.
Proposal 3: If multiple factors from {1, 2, 4, 8} are configured via SIB, capable user should report its capability or request the required number of repeated transmissions.
Proposal 4: If the user only reports its capability, the user can report its capability by accessing a new separated RO configured by gNB or by using Msg3.
Proposal 5: If the user only reports its capability, the number of repetitions can be transmitted by using DCI for Msg4.
Proposal 6: If the user requests repetitions, the UE can request the number of repetitions for the PUCCH for Msg4 HARQ-ACK by using the Msg3.
Proposal 7: Among the field for DCI 0_0 with CRC scrambled by TC-RNTI, fields for MCS or HARQ process number can be reused.
Proposal 8: The DMRS bundling/the joint channel estimation for NR NTN might be considered within the TDW length to guarantee the followings.
· the timing error limit in 38.133 Table 7.1C.2-1
· the DMRS bundling requirement in 38.101-1 Table 6.4.2.5-1
· Note: the timing error limit in 38.133 Table 7.1C.2-1 might have less impact on TDW length than the DMRS bundling requirement in 38.133 Table 6.4.2.5-1.
Proposal 9: the NTN-specific TDW length might be configured by sharing all/the subset among the followings between gNB and UE.
· TA variation (elevation, satellite altitude, UE velocity)
· Timing Error Limit (SSB SCS, UL SCS)
· PUSCH resource (the highest subcarrier freq., or start/size of PUSCH RBs)
Proposal 10: The NTN specific TA drift and/or its compensation might be considered as the one of the events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions within the nominal TDW.
Proposal 11: To mitigate the link budget gap for the PUSCH VoIP, the following enhancement techniques might be considered in combination with the DMRS bundling/JCE.
· 2 transmit antenna
· polarization type mismatch compensation
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