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The following agreements and conclusions are reached in RAN1#110bis e-meeting as is captured in [1], which mainly focuses on enhancements of PUCCH repetition for msg4 HARQ-ACK and DMRS bundling for PUSCH. 
	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
· 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 NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching
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 indicate


In this contribution, we discuss the coverage enhancement for NR NTN, including following aspects:
· PUCCH repetition for Msg4 HARQ-ACK,
· DMRS bundling of PUSCH,
· Other coverage enhancement techniques.
2. Discussions
0. PUCCH repetition for Msg4 HARQ-ACK
In RAN1#110bis-e meeting, the terminology of PUCCH for Msg4 HARQ-ACK was impressively discussed. According to the descriptions on common PUCCH resource captured from TS38.213, using the terminology like ‘PUCCH resource before dedicated PUCCH resource configuration is provided’ or ‘PUCCH resource before a UE has a dedicated PUCCH resource configuration’ would be reasonable. 
	If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. For operation in FR2-2, pucch-ResourceCommon can also provide a number of  RBs for the PUCCH resource set; otherwise .
…
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset 
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	
	{0, 3, 6, 9}


…
If a UE is provided initialUplinkBWP-RedCap in UplinkConfigCommonSIB and does not have dedicated PUCCH resource configuration, the UE transmits PUCCH with HARQ-ACK information as described in clause 9.2.1 using a PUCCH resource set provided by pucch-ResourceCommon-RedCap, except that frequency hopping for the PUCCH transmission is disabled if intra-SlotFH is present in PUCCH-ConfigCommon.
…
If a UE is not provided initialUplinkBWP-RedCap in UplinkConfigCommonSIB and does not have dedicated PUCCH resource configuration, the UE transmits PUCCH with HARQ-ACK information as described in clause 9.2.1 using a PUCCH resource set provided by pucch-ResourceCommon-RedCap if pucch-ResourceCommon-RedCap is present or by pucch-ResourceCommon if pucch-ResourceCommon-RedCap is absent. For an initial DL BWP provided by initialDownlinkBWP-RedCap in DownlinkConfigCommonSIB, if a UE in RRC_IDLE state or in RRC_INACTIVE state monitors PDCCH according to Type1-PDCCH CSS set and does not monitor PDCCH according to Type2-PDCCH CSS set, the UE does not expect the initial DL BWP to include SS/PBCH blocks and the CORESET with index 0.


Although the enhancement is targeted for PUCCH for msg4 HARQ-ACK, not for other PUCCH transmission using common PUCCH resource, we should avoid introducing new description on common PUCCH resource and restrict the enhancement on common PUCCH resource due to the terminology. Furthermore, the scope of the enhancement on common PUCCH resource in NTN can be considered during the discussions on procedures or signalling if necessary. 
Therefore, for the 2 options proposed in last RAN1 meeting, Option 1 with some revisions is preferred, e.g. ‘PUCCH transmission before a UE has dedicated PUCCH resource configuration’.
	Proposal 1-1_v2 (for conclusion)
For coverage enhancement of PUCCH for Msg4 HARQ-ACK,
· Down-select from the following options
· Option 1: RAN1 discuss PUCCH transmission when dedicated PUCCH resource configuration is not provided
· Option 2: RAN1 discuss PUCCH transmission when PUCCH resource is indicated by a DCI format 1_0 with CRC scrambled by TC-RNTI
· Option 3: No need to discuss terminology. For each proposal, ‘PUCCH for Msg4 HARQ-ACK’ should be used


Proposal 1: 
· Support to use the terminology ‘PUCCH transmission before a UE has dedicated PUCCH resource configuration’ for coverage enhancement of PUCCH for Msg4 HARQ-ACK PUCCH.
Considerations on procedures and signaling
As for procedures and signaling, if the PUCCH repetition for msg4 HARQ-ACK is configured in cell-specific manner for all common PUCCH resources, it would require all UEs in the cell to perform PUCCH repetition from gNB side. However, some UEs may not have the capability of performing PUCCH repetition, which would cause unclear behavior of UE being incapable of PUCCH repetition if the UE repetition capability is not indicated or reported to gNB. Therefore, it is necessary to indicate or report UE repetition capability before UE is indicated to perform PUCCH repetition. In this case, gNB will indicate PUCCH repetition only to UEs capable of repetition. 
Regarding the indication or report of repetition capability, the mechanism of msg3 repetition capability reporting could be reused and specified if some NTN specific enhancements are necessary. For example, the indication or report of repetition capability on PUCCH could be bundled with the report of msg3 repetition capability using the same signalling. Or, UE being capable of msg3 repetition is mandatory to support repetition capability on PUCCH repetition could be also considered, which requires minimum spec effort. With the knowledge of UE repetition capability, gNB could dynamically indicate UEs to perform PUCCH repetition for Msg4 HARQ-ACK, e.g. via scheduling DCI corresponding to the msg4 PDSCH. 
Proposal 2: 
· Support UE to indicate or report repetition capability for Msg4 HARQ-ACK and reuse mechanism of msg3 repetition capability reporting.
· Support dynamic PUCCH repetition for Msg4 HARQ-ACK.
Repetition factor
According to the coverage evaluation provided in our contribution [2], we first looked at the link budget results for Msg4 PUCCH without repetition which is shown in Table 1. It can be observed that 4.39 dB performance enhancements are required in LOS condition for parameter set-1 for LEO-1200 satellite which is the target scenario agreed in RAN1 to investigate the coverage gap for each channel. 
Table 1. Link budget analysis for PUCCH for Msg4 HARQ-ACK
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200

	Link budget results
	Set-1
	-2.22
	-7.61

	
	Set-2
	-8.22
	-13.61

	LLS results
	NTN-TDL-C
	HARQ-ACK for Msg4
	-3.39
	-3.22

	Performance gap
	NTN-TDL-C vs Set-1
	HARQ-ACK for Msg4
	-1.17
	4.39

	
	NTN-TDL-C vs Set-2
	HARQ-ACK for Msg4
	4.83
	10.39


In order to compensate the performance gap observed, the support of PUCCH repetition for msg4 HARQ-ACK is considered. The performance results with different repetition numbers are illustrated in Figure 1, and the evaluation assumptions are provided in table A1 in Appendix A. 
  [image: ]
Figure 1. Performance of PUCCH repetition for msg4 HARQ-ACK
It can be observed that the performance of PUCCH for Msg4 HARQ-ACK with 4 or 8 repetitions could compensate the gap and meet the requirement of the CNR calculated in link budget calculation. Furthermore, the performance of PUCCH for Msg4 HARQ-ACK with 8 repetitions can match with the performance of PUCCH repetition for HARQ ACK feedback on dedicated PUCCH resource.
Observation 1: 
· The performance of PUCCH for Msg4 HARQ-ACK with 8 repetitions can match with the performance of PUCCH repetition for HARQ ACK feedback on dedicated PUCCH resource. 
With the observation, supporting a number of PUCCH repetition larger than 8 for msg4 HARQ-ACK is unnecessary. 
Proposal 3: 
· Do not support number of PUCCH repetitions larger than 8 for msg4 HARQ-ACK.
As for the single PUCCH transmission, i.e. PUCCH transmission with 1 repetition, if UE reports/indicates its repetition capability, new procedure or signalling should be assumed by both UE and gNB. However, from the whole network system perspective, gNB may not want to indicate UEs to perform more than 1 repetition for PUCCH for msg4 HARQ-ACK when the link quality is not so bad, even though UE requests the PUCCH repetition. In this case, repetition factor 1 should be able to be signaled/indicated as gNB cannot apply legacy procedure or signalling for Msg4 PUCCH transmission given UE already reports/requests this capability and UE will expect new procedure or signalling from gNB.
 Proposal 4: 
· Support PUCCH transmission with 1 repetition to be configured and/or indicated based on the procedure or signalling of PUCCH repetition for msg4 HARQ-ACK.
Frequency hopping
In order to verify the performance of inter-slot frequency hopping, link level simulations are performed. The simulation assumptions are provided in table A1 in Appendix A, and the simulation results are depicted in Figure 2, considering a channel model of NTN-TDL-C with 30ns delay spread. 
[image: ]  
Figure 2. Performance of PUCCH repetition for msg4 HARQ-ACK with inter-slot and intra-slot frequency hopping
[bookmark: _GoBack]It can be observed that the performance gain with inter-slot FH and intra-slot FH decreases with the number of repetitions increased, and at most 0.2dB and 0.4dB additional gain can be obtained under repetitions with inter-slot FH and intra-slot FH, respectively, compared to repetitions without frequency hopping. 
Observation 2: 
· The performance gain with inter-slot FH and intra-slot FH decreases with the larger repetition number.
· Compared to PUCCH repetitions for msg4 HARQ-ACK without frequency hopping, at most 0.2dB and 0.4dB additional performance gain from PUCCH repetitions with inter-slot FH and intra-slot FH can be obtained, respectively. 
According the performance gain observed and the flexibility of either configure intra- or inter-slot frequency hopping, inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK can be considered, as intra-slot frequency hopping is already supported. In some scenarios with larger delay spread, the performance gain would be more significant. In msg3 repetition mechanism, inter-slot frequency hopping is supported and the frequency hopping flag information field in UL RAR grant or DCI format 0_0 with CRC scrambled by TC-RNTI is reused. Similarly, the frequency hopping flag information field in UL RAR grant could also be reused to enable/disable inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK when repetition number is configured to be more than 1. On the other hand, reinterpreting some fields in scheduling DCI corresponding to msg4 PDSCH could also be considered to enable/disable inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK. 
Proposal 5: 
· Support to enable/disable inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK considering the following alternatives
·  Alt 1: reusing the frequency hopping flag information field in UL RAR grant when the repetition number is configured to be more than 1
· Alt 2: reinterpreting some fields in scheduling DCI corresponding to msg4 PDSCH

DMRS bundling for common PUCCH repetition
According to the simulation results of PUCCH repetition for msg4 HARQ-ACK with different repetition numbers above, the performance of PUCCH for Msg4 HARQ-ACK with 4 or 8 repetitions can already compensate the gap and meet the requirement of the CNR calculated in link budget calculation. Over-optimizing the performance of PUCCH repetition for msg4 HARQ-ACK is unnecessary. Furthermore, the discussion on DMRS bundling for PUCCH repetition for msg4 HARQ-ACK would be complicated and cumbersome, which would increase the work load not allowed by the limited TU allocated for this topic. The aspects that should be at least discussed and determined are e.g. the disabling/enabling of DMRS bundling, the configuration of time domain window (TDW) size, the events which violates phase continuity and power consistency, the maximum duration, and the UE capability on restarting DMRS bundling. 
According to above, the support of DMRS bundling for PUCCH repetition for msg4 HARQ-ACK should be avoided in this release. 
Proposal 6: 
· Do not support the DMRS bundling for PUCCH repetition for msg4 HARQ-ACK. 
0. DMRS bundling of PUSCH in NTN
Phase difference due to timing drift and/or doppler shift
In NTN, due to the movement of satellite and UE location, UE needs to pre-compensate the timing and frequency offset, via UE implementation. However, in order to support DMRS bundling, UE is required to maintain phase continuity and power consistency within an actual TDW, which implies that UE is not expected to perform pre-compensation within an actual TDW when DMRS bundling is enabled. 
Proposal 7: 
· RAN1 to conclude UE is not expected to perform pre-compensation on timing and frequency offset within an actual TDW when DMRS bundling is enabled. 
Furthermore, when DMRS bundling is enabled, delay drift/doppler shift/timing drift after an actual TDW determined by events defined for terrestrial network should also be considered, although perfect pre-compensation on timing and frequency offset is assumed to be performed before the first symbol of an actual TDW. 
For LEO, the distance between UE and satellite changes with fast movement of satellites, and the propagation time or round trip time varies as a result, which can be regarded as delay drift. Actually, the distance variation also depends on the satellite orbits and the elevation angle variation. For simplicity, the distance variation can be directly derived from the velocity and duration. Then, the delay drift with different durations are shown in table 2 under LEO-600 scenarios and LEO-1200 scenarios with the linear velocity of 7.5622km/s and 7.1172km/s, respectively.  
Table 2. Delay drift with different durations
	Duration
	1ms
	2ms
	4ms
	8ms
	16ms
	32ms

	Delay drift for LEO-600
	0.0504us
	0.101us
	0.202us
	0.403us
	0.807us
	1.613us

	Delay drift for LEO-1200
	0.0474us
	0.0949us
	0.19us
	0.38us
	0.759us
	1.518us


According the timing error requirement specified in Table 7.1C.2-1 of 38.133, the delay drift is upper bounded by 29*64*Tc ≈0.928us with the SCS of 15kHz. It can be observed that the maximum duration of DMRS bundling due to delay drift or timing error is limited by 16ms. 
Observation 3: 
· For LEO-600 and LEO-1200, the maximum duration of DMRS bundling due to delay drift or timing error requirement is limited by 16ms for SCS of 15kHz. 
Similarly, for LEO, the frequency error due to doppler shift varies with the satellite movement. In addition, doppler shift is varying with the changing angle between the velocity vector and the direction of propagation of the signal between UE and satellite. According to Table 4.2-2 in TR38.821, the maximum doppler shift variation are 0.13 ppm/s for LEO-1200 scenarios and 0.27 ppm/s for LEO-600 scenarios. Then, the doppler shift with different durations are shown in table 3.
Table 3. Doppler shift with different durations
	Duration
	1ms
	2ms
	4ms
	8ms
	16ms
	32ms

	Doppler shift for LEO-600
	0.00027ppm
@2GHz: 0.54Hz
	0.00054ppm
@2GHz:1.08Hz
	0.00108ppm
@2GHz:2.16Hz
	0.00216ppm
@2GHz:4.32Hz
	0.00432ppm
@2GHz:8.64Hz
	0.00864ppm
@2GHz:17.28Hz

	Doppler shift for LEO-1200
	0.00013ppm
@2GHz: 0.26Hz
	0.00026ppm
@2GHz:0.52Hz
	0.00052ppm
@2GHz:1.04Hz
	0.00104ppm
@2GHz:2.08Hz
	0.00208ppm
@2GHz:4.16Hz
	0.00416ppm
@2GHz:8.32Hz


It can be observed that the maximum doppler shift variation for LEO-600 scenarios within 32ms duration of DMRS bundling is 0.00864ppm, which is much smaller than ±0.1ppm the frequency error requirement specified in section 6.4.1 of 38.101-5. 
Observation 4: 
· For DMRS bundling with 32ms duration, the maximum doppler shift variation is much smaller than ±0.1ppm the frequency error requirement. 
Furthermore, phase difference with different durations can be calculated based on such frequency error in table 3, according to . The calculated results of phase difference with different durations are listed in table 4. 
Table 4. Phase difference with different durations
	Duration
	1ms
	2ms
	4ms
	8ms
	16ms
	32ms

	Phase difference for LEO-600
	0.1944degrees
@0.54Hz
	0.7776degrees
@1.08Hz
	3.1104degrees
@2.16Hz
	12.4416degrees
@4.32Hz
	49.7664degrees
@8.64Hz
	199.0656degrees
@17.28Hz

	Phase difference for LEO-1200
	0.0936degrees
@0.26Hz
	0.3744degrees
@0.52Hz
	1.4976degrees
@1.04Hz
	5.9904degrees
@2.08Hz
	23.9616degrees
@4.16Hz
	95.8464degrees
@8.32Hz


It can be observed that phase difference with 16ms/32ms duration at LEO-600 scenarios and with 32ms duration at LEO-1200 scenarios is larger than the maximum allowable phase difference of 30 degrees for slot “0” and any slot “p” wherein DMRS bundling is applied, which is specified in 6.4.2.5-1 in TS38.101-1. Thus, the maximum duration of DMRS bundling due to phase difference is limited by 8ms for LEO-600 scenarios and 16ms for LEO-1200 scenarios. 
Observation 5: 
· For DMRS bundling, the maximum duration due to phase difference is limited by 8ms for LEO-600 scenarios and 16ms for LEO-1200 scenarios. 
According to above, when DMRS bundling is enabled, considering the requirements of phase continuity/frequency error /timing error, the maximum duration of DMRS bundling should be within 8ms for LEO-600 scenarios and 16ms for LEO-1200 scenarios. Then, the maximum duration can be up to network implementation via the configuration of TDW length/size, and no spec impact is expected. 
Proposal 8: 
· Support the maximum duration of DMRS bundling in NTN as 8ms for LEO-600 scenarios and 16ms for LEO-1200 scenarios, which is up to network configuration without spec impact. 
Event which causes power consistency and phase continuity not to be maintained
According to [2], DMRS bundling, also called joint channel estimation, could provide around 2dB gain for repetition transmissions. When DMRS bundling is enabled, the transmitter shall maintain power consistency and phase continuity across repetitions. Then the receiver could perform joint channel estimation within these repetitions. 
Based on UE procedure for determining TDWs for DMRS bundling, UE determines one or multiple nominal TDWs within the duration of transmission, where the duration of each nominal TDW except the last nominal TDW is given by TDW length configured in number of consecutive slots. Furthermore, a nominal TDW consists of one or multiple actual TDWs. And the actual TDW is determined by events which cause power consistency and phase continuity not to be maintained across repetitions within a nominal TDW. Thus, when DMRS bundling is enabled, the transmitter shall maintain power consistency and phase continuity within an actual TDW. The events are categorized as dynamic events and semi-static events. UE is mandatory to restart an actual TDW after a semi-static event, while whether to restart an actual TDW after a dynamic event subjects to UE capability. 
In order to support DMRS bundling in NTN scenarios, some NTN specific events which may cause power consistency and phase continuity not to be maintained should also be discussed and specified if needed. As discussed in Rel-17 coverage enhancement, TA adjustment could cause power consistency and phase continuity not to be maintained. On top of TA itself in TN, in Rel-17 NTN, the calculation of TA applied by NTN UE has been enhanced which is one of main enhancements on UL synchronization as described in section 4.3.1 of TS38.211 v17.3.0. 
	
Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 given by clause 4.2 of [5, TS 38.213] is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
[bookmark: _Hlk86996296]-	 given by clause 4.2 of [5, TS 38.213] is computed by the UE based on UE position and serving-satellite-ephemeris-related higher-layers parameters if configured, otherwise .


Figure 4.3.1-1: Uplink-downlink timing relation.


As can be seen, when common TA or UE specific TA takes effect, power consistency and phase continuity cannot be maintained, which should be regarded as events. 
Although gNB can try to not allow the common TA to take effect within a nominal TDW by implementation when DMRS bundling is enabled, TACommonDrift and TACommonDriftVariation if configured could still result in the update of common TA. When the common TA is updated, it would be hard to control the repetition transmissions supporting DMRS bundling. In current spec., when and how to the updated common TA is up to UE implementation. In order to keep this UE behavior, it is preferred to regard the update of a common TA as an event. The application time of the updated common TA could be indicated or configured together with TACommonDrift and TACommonDriftVariation. 
Furthermore, UE specific TA is calculated by the UE based on UE position and serving-satellite-ephemeris-related higher-layers parameters if configured. Such UE specific TA could be reported to gNB, which is described in section 5.4.8 of TS 38.321. As can be seen, UL-SCH resource is needed for time advance report (TAR).  Similar to the discussions on common TA, the application of UE specific TA should also be regarded as an event. The application time of the UE specific TA should be known by gNB, which could be further discussed. 
According to above, we have following proposal.
Proposal 9: 
· The application of common TA and UE specific TA should be regarded as events which cause power consistency and phase continuity not to be maintained, when DMRS bundling is enabled.
In Rel-17 NR NTN, a single validity duration for both serving satellite ephemeris and common TA related parameters is defined, which determines the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris. Since serving satellite ephemeris and common TA related parameters are necessary to maintain phase continuity and power consistency in NTN, DMRS bundling could be performed within the validity duration. Out of the validity duration, DMRS bundling should be disabled or cannot be performed. 
Observation 6: 
· DMRS bundling should be performed within the validity duration.
And the validity timer should be started/restarted with configured timer validity duration at the epoch time. That means, the serving satellite ephemeris and common TA related parameters share the same epoch time. If the validity timer is restarted due to the update of epoch time within a TDW, the phase continuity and/or power consistency would be violated. Thus,  the reception of epoch time or epoch time itself, depending on the understandings of the application time of the updated the serving satellite ephemeris and common TA related parameters as discussed in the LS from RAN2 [3], should be regarded as events. 
Proposal 10: 
· The indication or update of epoch time should be regarded as events which cause power consistency and phase continuity not to be maintained, when DMRS bundling is enabled.
0. Other enhancements
2.3.1	RAN protocol overhead reduction
From physical layer perspective, the 4.75kbps AMR voice packet structure can be illustrated in table 2, where it can be seen that there’re 16/8/16 bits for MAC/RLC/PDCP headers respectively. Without RAN protocol overhead reduction, the total TB size is 184 bits (excluding CRC). 
Table 2. AMR 4.75kbps voice packet
	CRC
	16 bits

	MAC
	16 bits (with 12 bits SN size) 

	RLC
	8 bits (with 6 bits SN size) 

	PDCP
	16 bits

	RTP/UDP/IP
	24 bits (with RoHC)

	Payload
	120 bits


With the assumption provided in table B1 in Appendix B, link level simulation results, as illustrated in figure 2, are derived for 3 cases: without head reduction (TBS 184bits), with 2 bytes reduced (TBS 168bits) and with 4 bytes reduced (TBS 152bits) respectively.
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Figure 2. LLS results on PUSCH for RAN protocol overhead reduction
From the results, if we look at the 1% BLER according to the packet error loss rate requirement defined in [3], little gain (0.4~0.5dB) can be seen when the overhead is reduced.
Observation 7: 
· Little gain can be seen for AMR 4.75kbps voice packet transmission on PUSCH when up to 4 bytes of the MAC/RLC/PDCP headers are reduced.
RAN protocol overhead reduction would cause additional RAN procedure changes which are mainly in RAN2 area. Whether further gains can be seen depends on whether additional overhead can be reduced, it would be good to ask RAN2 to discuss how much overhead in maximum can be reduced for voice packet transmission in NR NTN. Both complexity and performance gains should be considered to decide whether it is necessary to introduce reduced RAN overhead in NR NTN. From RAN1 aspect, due to little gain, the overhead reduction enhancement is unnecessary. Hence, we propose that the overhead reduction enhancement is not supported in NR Rel-18.
Proposal 11: 
· Do not support RAN protocol overhead reduction for NTN coverage enhancement in NR Rel-18.
2.3.2	Spatial domain enhancement
Compared to TN, one of the NTN-specific characteristics should be polarization. Since signals from LHCP and RHCP antennas are orthogonal, frequency re-use scheme with circular polarization can be utilized to mitigate inter-cell interference. Furthermore, both LHCP and RHCP signals can be transmitted simultaneously on the same frequency band. Thus, circular polarization can be regard as another spatial domain on top of antenna ports and circular polarization enhancement on Tx diversity could be further studied. 
As is known, smart phones can only support linear polarization. To support circular polarization in smart phone especially for low band, it will be quite complex and challenging to the UE RF design. Therefore, circular polarization should be focused on only for downlink if needed.
Observation 8: 
· Circular polarization can be regard as another spatial domain on top of antenna ports. 
Proposal 12: 
· Circular polarization enhancement on Tx diversity could be studied for downlink coverage enhancements in NR NTN if needed. 
3. Conclusion
In this contribution, we discuss the aspects related to coverage enhancement of NR NTN, and have following  observations and proposals: 
Observation 1: 
· The performance of PUCCH for Msg4 HARQ-ACK with 8 repetitions can match with the performance of PUCCH repetition for HARQ ACK feedback on dedicated PUCCH resource. 
Observation 2: 
· The performance gain with inter-slot FH and intra-slot FH decreases with the larger repetition number.
· Compared to PUCCH repetitions for msg4 HARQ-ACK without frequency hopping, at most 0.2dB and 0.4dB additional performance gain from PUCCH repetitions with inter-slot FH and intra-slot FH can be obtained, respectively. 
Observation 3: 
· For LEO-600 and LEO-1200, the maximum duration of DMRS bundling due to delay drift or timing error requirement is limited by 16ms for SCS of 15kHz. 
Observation 4: 
· For DMRS bundling with 32ms duration, the maximum doppler shift variation is much smaller than ±0.1ppm the frequency error requirement. 
Observation 5: 
· For DMRS bundling, the maximum duration due to phase difference is limited by 8ms for LEO-600 scenarios and 16ms for LEO-1200 scenarios. 
Observation 6: 
· DMRS bundling should be performed within the validity duration.
Observation 7: 
· Little gain can be seen for AMR 4.75kbps voice packet transmission on PUSCH when up to 4 bytes of the MAC/RLC/PDCP headers are reduced.
Observation 8: 
· Circular polarization can be regard as another spatial domain on top of antenna ports. 
Proposal 1: 
· Support to use the terminology ‘PUCCH transmission before a UE has dedicated PUCCH resource configuration’ for coverage enhancement of PUCCH for Msg4 HARQ-ACK PUCCH.
Proposal 2: 
· Support UE to indicate or report repetition capability for Msg4 HARQ-ACK and reuse mechanism of msg3 repetition capability reporting.
· Support dynamic PUCCH repetition for Msg4 HARQ-ACK.
Proposal 3: 
· Do not support number of PUCCH repetitions larger than 8 for msg4 HARQ-ACK.
Proposal 4: 
· Support PUCCH transmission with 1 repetition to be configured and/or indicated based on the procedure or signalling of PUCCH repetition for msg4 HARQ-ACK.
Proposal 5: 
· Support to enable/disable inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK considering the following alternatives
·  Alt 1: reusing the frequency hopping flag information field in UL RAR grant when the repetition number is configured to be more than 1
· Alt 2: reinterpreting some fields in scheduling DCI corresponding to msg4 PDSCH
Proposal 6: 
· Do not support the DMRS bundling for PUCCH repetition for msg4 HARQ-ACK. 
Proposal 7: 
· RAN1 to conclude UE is not expected to perform pre-compensation on timing and frequency offset within an actual TDW when DMRS bundling is enabled. 
Proposal 8: 
· Support the maximum duration of DMRS bundling in NTN as 8ms for LEO-600 scenarios and 16ms for LEO-1200 scenarios, which is up to network configuration without spec impact. 
Proposal 9: 
· The application of common TA and UE specific TA should be regarded as events which cause power consistency and phase continuity not to be maintained, when DMRS bundling is enabled.
Proposal 10: 
· The indication or update of epoch time should be regarded as events which cause power consistency and phase continuity not to be maintained, when DMRS bundling is enabled.
Proposal 11: 
· Do not support RAN protocol overhead reduction for NTN coverage enhancement in NR Rel-18.
Proposal 12: 
· Circular polarization enhancement on Tx diversity could be studied for downlink coverage enhancements in NR NTN if needed. 
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Appendixes 
Appendix A. Evaluation assumptions for PUCCH repetition
Table A1. Link-level simulation assumptions for PUCCH transmission
	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI or 1-bit for HARQ-ACK for Msg4.

	Carrier frequency
	2 GHz

	SCS
	15kHz

	Frequency hopping
	w/ frequency hopping

	BLER
	For PUCCH format 1: 
DTX to ACK probability: 1%. 
NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.

	Antenna configuration
	1T1R

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8 for 2bits UCI; {2, 4, 8} repetitions for 1-bit Msg4 HARQ-ACK.

	Symbol duration        
	14 OS

	Number of PRBs
	1 PRB


Appendix B. Evaluation assumptions on PUSCH for RAN overhead reduction evaluation
Table B1. Link-level simulation assumptions on PUSCH for RAN overhead reduction evaluation
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	Waveform
	DFT-s-OFDM 

	SCS
	15kHz

	Allocated RBs
	360kHz (2PRBs)

	Symbol allocation
	14 symbols 

	DMRS configuration
	Type 1, [3 11]

	Modulation
	QPSK

	Repetition number
	20

	Channel model
	NTN-TDL-C(LOS)

	Frequency hopping
	disabled

	UE speed
	3km/h

	Delay spread
	30ns

	Elevation angle
	30(LEO)

	Antenna configuration
	1T1R
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