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[bookmark: _Ref18181]Introduction
In RAN1#111 [1], UL coverage enhancements on PUSCH and PUCCH channels have been discussed to identify whether potential enhancements are needed with corresponding conclusion and agreements.
In this contribution, link-level simulations are performed with the corresponding techniques to evaluate the performance of VoIP on PUSCH and Msg4 HARQ-ACK on PUCCH at LEO-1200 with Set-1. Furthermore, the details of potential enhancement solutions are also elaborated. 
UL coverage evaluation 
1.1 [bookmark: _Ref8412]PUSCH for VoIP
According to the conclusion shown below, the performance of DMRS bundling will not be impacted by frequency error within ± 0.1 PPM but limited by the available TDW size in NTN
	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.
· [bookmark: _GoBack]Note: The above does not mean the performance requirements will be satisfied with DMRS bundling


In NTN case, Figure 1 shows the timing drift and Doppler drift between satellite and UE for LEO-1200 satellite at different elevation angles. It can be observed that maximum timing drift and Doppler drift rate are about 17 us/s and 237 Hz/s at the 300 and 900elevation angles, respectively. 
[image: TAdriftAndDopplerdrift]
[bookmark: _Ref7290]Figure 1 Timing drift and Doppler drift for LEO-1200 satellite at different elevation angles 
However, in current specification, to support the DMRS bundling, the requirement on phase continuity should be satisfied, which is specified as Table 6.4.2.5-1 in 38.101-1 [3], e.g., the maximum allowable phase difference of 30 degree between slot 0 and any slot p in the TDW for DMRS bundling. By assuming that 2-way timing drift service link and feeder link exists and UL bandwidth of 360 kHz is located at edge carrier of 180 kHz, the maximum DMRS bundling duration of ∆t at different elevation angles with different timing drift can be determined by


As shown in Figure 2, the maximum DMRS duration should be less than 6 ms within the phase continuity requirement considering the impact of time drift for LEO-1200 satellite at 30 degree elevation angle. And the larger bundling size is expected when the elevation angle is increased.
[image: phaseoffserBYtimingdrift]
[bookmark: _Ref7375]Figure 2 Maximum DMRS bundling duration within phase continuity requirement due to timing drift
Observation 1: The maximum DMRS TDW without timing and frequency adjustment should be within 6 slots for LEO-1200 satellite at 30 degree elevation angle to meet phase continuity requirement due to timing drift.


Similarly, the maximum DMRS bundling size will also be impacted due to Doppler shift. Based on the perfect time and frequency pre-compensation at the beginning of segmented UL transmission, the phase offset during the DMRS bundling duration can be obtained by , where  is Doppler shift and ∆t is DMRS bundling duration. Figure 3 shows that the maximum allowable DMRS bundling size at 90 degree elevation angle is less than 26 ms to meet the phase continuity requirement. 
[image: phaseoffserBYdopplerdrift]
Figure 3 Maximum DMRS bundling duration within phase continuity requirement due to Doppler drift
Observation 2: The maximum DMRS TDW without timing and frequency adjustment should be within 26 slots for LEO-1200 satellite at 90 degree elevation angle to meet phase continuity requirement due to Doppler drift.
Then, for the transmission timing error, Figure 4 also illustrates the maximum DMRS bundling size within timing error requirement of 29Ts specified in RAN4 [2], within this period, the timing adjustment doesn’t need to be performed even if 2-way timing drift service link and feeder link is assumed. It can be observed that the maximum DMRS duration is less than 13 ms for LEO-1200 satellite at 30 degree elevation angle, which is less than the maximum DMRS size of 32 slots supported in current NR specification. Hence, the maximum DMRS TDW of joint channel estimation should be within 13 slots in NR NTN.
[image: timingerrorBYtimingdrift]
[bookmark: _Ref118225344]Figure 4 Maximum DMRS bundling duration within timing error requirement
Observation 3: The maximum DMRS TDW without timing and frequency adjustment should be within 13 slots for LEO-1200 satellite at 30 degree elevation angle to meet timing error requirement as 29Ts.
Based on above analysis, therefore, the maximum DMRS bundling duration should be within 6 slots with consideration of timing error and phase continuity requirements due to timing drift and Doppler drift. 
Proposal 1: The maximum DMRS TDW without timing and frequency adjustment should be within 6 slots in consideration of timing error and phase continuity requirements.
In Rel-17 IoT-NTN, to address the impacts of time and Doppler drift for long transmission, the segmented pre-compensation is introduced. The similar mechanism can also be introduced to indicate the proper length for DMRS bundling, e.g., to address the impact of timing drift or Doppler shift, the segment pre-compensation segment length less than 6 slots can be considered.
To evaluate the JCE performance in consideration of phase offset during DMRS bundling duration, the link-level simulation is conducted with TBS of 184 bits and 20 repetitions. The more detailed simulation parameters including antenna configuration and DMRS type are summarized in Appendix. As shown in Figure 5, it can be found that:
· The worst performance will be achieved if the JCE is directly implemented cross 20 slots without any enhancement (i.e., TDW=SL = 20, with phase offset). The benefits of JCE cannot be achieved due to time-variant phase offset caused by the impact of time and Doppler drift.
· Once the segmented pre-compensation, e.g., with SL (segment length) = 6 slots is introduced and the JCE is only performed within the segment, performance gain can be achieved (i.e., TDW=SL =6, with phase offset). It also can be found that similar performance can be achieved for the cases with and without phase offset, it means that the impacts of time drift and Doppler drift can be addressed within the proper configured segment. Moreover, with increased SL length, e.g., SL = 8, the performance will be degraded compared to the results based SL=6 since the accumulated phase errors within one segment has already exceed the requirement as discussed above.

[image: VoNRjcewithphaseOffsetV12JCEsegment1104pm]
Figure 5 Performance based on DMRS bundling based on segmented pre-compensation
Observation 4: Performance gain can be achieved with segmented pre-compensation based DMRS bundling.
W.r.t how to apply time/frequency compensation update with DMRS bundling, following options were discussed in RAN1#111 but no agreement achieved:
	Proposal 2-2_v6
For NTN-specific PUSCH DMRS bundling,
· Further study the following options of applying time/frequency compensation update with DMRS bundling
· Option 1: NTN-specific configuration/indication is provided by gNB and actual/nominal TDW is determined based on the configuration/indication.
· Option 2: UE reports pre-compensation timing and actual/nominal TDW is determined based on the report.
· Option 3: Actual/Nominal TDW is determined as in the existing specification
· FFS: whether/how to define new UE capability report


In Rel-17 IoT-NTN, time/frequency compensation update has been discussed to handle the timing and frequency drift during long repetitions. Segment pre-compensation was finally specified to enable the compensation update during UL repetitions, where the segment length is configured by eNB. That is, option 1 was agreed to control when the to apply time/frequency compensation update in Rel-17 IoT-NTN. In PUSCH DMRS bundling, we are facing the same issue and reusing the option 1 can be considered. The gNB can indicate the segment length to UE. In order to avoid the time/frequency error exceeding tolerable range, UE should update time/frequency compensation at least per segment. Then the TDW can be set equal to or shorter than the segment length, which ensures application of time/frequency compensation update is frequent enough. The impact of antenna switching can also be addressed implicitly by assuming that same antenna is applied per segment as implementation without additional spec impacts. Compared with option 1, option 2 requires higher signaling overhead and larger spec impact. Moreover, when multiple UEs with variant pre-compensation timing are served, the implementation complexity can also be high. As for option 3, the signaling overhead can also be larger than option 1 if segment length for pre-compensation is changed but other parameters related to TDW length is stable. Hence, option 1 is preferred.
Moreover, for some UE, if the phase continuity and power consistency can be achieved when applying time/frequency compensation update, the larger TDW for DMRS may be possible. As shown in Figure 6, the ideal performance (i.e., TDW = 20, without phase offset) can be achieved if both segment pre-compensation and JCE cross segments (e.g., TDW=20, SL = 1/2/4/6, with phase offset) are capable. For example, with sample dropping and phase offset compensation, the phase discontinuity caused by time/frequency compensation update between segments may be within tolerable range, which makes it possible to configure a TDW longer than segment length. Hence, whether the TDW length is determined based on segment pre-compensation can be up to the UE’s capability.
Proposal 2: The maximum pre-compensation segment length should be within 6 slots.
Proposal 3: Segment length for pre-compensation should be provided by gNB and actual TDW is determined based on the indicated segment length. 
· The actual TDW should be shorter or equal to the segment length for pre-compensation.
· Note: It can be determined according to the UE capability.
[image: VoNRjcewithphaseOffsetV11allJCE1104]
Figure 6 Performance based on DMRS bundling cross UL pre-compensation segments
In addition, potential enhancement techniques including more transmission antennas, polarization matching and higher power UE should be also considered to ensure the coverage performance for VoIP on PUSCH. If the polarization enhancement can be implemented by two orthogonal linear polarization, then the polarization loss (e.g., 3dB) can be mitigated. With more transmission antennas and higher transmission power, the required CNR of -11.1 dB for targeted scenario at LEO-1200 with Set-1 would be satisfied. Thus, all potential techniques should be supported for VoIP to reduce the large coverage gap.
Proposal 4: Other enhancements including 2Tx, high power UE and polarization matching should also be supported to improve the performance for VoIP on PUSCH.
1.2 PUCCH for Msg4 HARQ-ACK
For ACK for Msg-4, since a UE does not have dedicated PUCCH resource configuration, the corresponding PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 1 in [4] for transmission of HARQ-ACK information on PUCCH, the number of symbols it can occupy is 4, 10, or 14. According to the design principle of PUCCH format 1, a longer symbol can provide better coverage performance, and the link budget requirements of NTN can be satisfied by simple repeated transmission. So, if PUCCH format 1 with less symbol number, e.g., 4 symbols, is assumed as the baseline, a larger number of repetitions is required, which will lead to a larger time delay for the RACH processes. Meanwhile, due to the decreased channel correlation, the performance gain brought by repeated transmission will also be degraded and the bundling will be difficult to be achieved. Then, only the PUCCH format-1 with 14 symbols are used for enhancement. Meanwhile, considering the standardization effort to define a new table, reusing Table 9.2.1-1 of TS 38.213 is preferred to minimum spec change.
Proposal 5: The PUCCH format-1 with 14 symbols should be used as the baseline for enhancement.
[bookmark: _Ref9227]Table 1 PUCCH resource sets before dedicated PUCCH resource configuration from TS 38.213 Table 9.2.1-1
	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}


2.2.1 DMRS bundling for PUCCH
To improve the coverage performance and eliminate the coverage gap, we can consider supporting repeated transmission of Msg4 PUCCH and DMRS bundling to improve coverage performance. In RAN1 #110bis-e meeting, the benefits on the PUCCH has also been discussed with following agreement:
	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


In this section, further evaluation to justify the improvement of DMRS bundling along with repetition is done for PUCCH Msg4 HARQ-ACK with 1 bit payload, detailed simulation assumption is shown in Table 5.
As can be seen from the blue curve in Figure 7 and Table 2, the required SNR at 1% BLER is -7.1 dB when the number of repetitions is only 2. Further improvement can be achieved with FO = 0 Hz, that is, -8 dB. When the number of repetitions is increased to 4, the performance can be further improved to -10.72 dB at 1% BLER.
In addition, as shown in Figure 7 and the performance gap table of PUCCH Msg4 HARQ-ACK shown in Table 2, the required SNR at 1% BLER is -8.66 dB when the number of repetitions is only 2 with DMRS bundling performed, which can meet the requirement. Significant performance improvement can be achieved by DMRS bundling by enabling joint cross-slot channel estimation and frequency pre-compensation. With the increase of the number of repetitions, up to maximum 1.99 dB gain can be obtained by joint channel estimation. That is, higher performance gain can be achieved with more DMRS sharing in repetitions which can further improve the coverage performance of PUCCH for Msg4 HARQ-ACK.
How to indicate the request of DMRS bundling for PUCCH for Msg4 HARQ-ACK should be considered. A bit field of msg3 can be defined to indicate the request of DMRS bundling for PUCCH for msg4 HARQ-ACK transmission. Similar with PUSCH, the DMRS bundling time window may be same as a segment length for pre-compensation. If the time duration of PUCCH transmission (including repetitions) is shorter than the segment length for pre-compensation, all the DMRSs can be within the same bundle. 
Proposal 6: The enhancement on DMRS bundling should also be applied for PUCCH with similar mechanism as PUSCH for VoIP. 
Proposal 7: A bit field in Msg3 can be defined to indicate whether to support DMRS bundling for PUCCH for Msg4 HARQ-ACK.
[image: D:\lijunli\项目相关\提案相关\ZTE\RAN1 111\A Proposal of ZTE\untitled.pnguntitled]
[bookmark: _Ref8554]Figure 7 Performance result of PUCCH for Msg4 HARQ-ACK with DMRS bundling
[bookmark: _Ref9335]Table 2 Performance gap @ 1% BLER (PUCCH Format-1 with 1bit Msg4 HARQ-ACK)
	PUCCH format-1 (1bit) for Msg4 HARQ-ACK/NACK
in LEO-1200-30°with satellite parameter-set1, with CNR= - 8.1 dB

	Number of Trans
and FO(ppm)
	Required SNR (dB)
(only rep)
	Gap (dB)
(only rep)
	Required SNR (dB)
(rep + JCE)
	Gap (dB)
(rep + JCE)
	JCE gain(dB)
(rep only) vs (rep + JCE)

	1  w/ 0.1
	-3.6
	-4.5
	-
	-
	-

	2  w/ 0.1
	-7.1
	-1
	-
	-
	-

	2  w/ 0
	-8
	-0.1
	-8.66
	0.56
	0.66

	4  w/ 0
	-10.72
	2.62
	-12.71
	4.61
	1.99

	Note：The red gap value indicates that the CNR requirement is not met.


2.2.2 Repetition for PUCCH
PUCCH repetition for msg4 HARQ-ACK transmission is not supported in legacy TN. Based on the analysis in previous meeting, in order to support this feature, the details of repetition request, configuration and dynamic repetition indication should be considered as discussed in following working assumption:
	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 NTN case, the coverage performance is relatively stable across the cell. Supporting all repetition number may not be needed. Hence, network can only indicate one repetition factor to UE via SIB broadcast. That is, only the indicated repetition number is allowed in this cell. UE will use the supported repetition number indicated by network if it is capable of PUCCH repetition for Msg4 HARQ-ACK. With this method, the signaling overhead can be reduced. That is, subbullet 1 should be supported. 
Proposal 8:  If network only indicates one repetition factor to UE through SIB broadcast, UE capable of PUCCH repetition for Msg4 HARQ-ACK should directly apply the indicated repetition factor.
Meanwhile, considering that UEs with different elevation angles may experience different path loss, UEs with different channel environments may need or not need repetitions to mitigate performance loss. Regarding how to enable PUCCH repetition, following above analysis, the option of UE requesting repetitions can provide more flexibility to determine whether to perform repetition. Moreover, since UE knows its capability and channel environment better, it is able to select more appropriate repetition factor if multiple factors are allowed. That is, UE requesting repetitions is preferred when multiple factors are configured via SIB.
W.r.t the details of repetition configuration, since msg4 HARQ-ACK transmission is performed in RACH procedure, the RRC connection is not likely to be established. Therefore, UE cannot indicate a capability or a request of PUCCH repetition through regular RRC signaling. A possible solution is that UE indicates the requested repetition number to network in msg3. Then the requested number is known by both UE and network and will be applied for PUCCH repetition for msg4 HARQ-ACK. 
Proposal 9: If network indicates multiple repetition factors to UE through SIB broadcast, UE capable of PUCCH repetition for Msg4 HARQ-ACK may indicate the requested repetition number to network through msg3. And the requested repetition number will be applied for PUCCH repetition of msg4 HARQ-ACK.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: The maximum DMRS TDW without timing and frequency adjustment should be within 6 slots for LEO-1200 satellite at 30 degree elevation angle to meet phase continuity requirement due to timing drift.
Observation 2: The maximum DMRS TDW without timing and frequency adjustment should be within 26 slots for LEO-1200 satellite at 90 degree elevation angle to meet phase continuity requirement due to Doppler drift.
Observation 3: The maximum DMRS TDW without timing and frequency adjustment should be within 13 slots for LEO-1200 satellite at 30 degree elevation angle to meet timing error requirement as 29Ts.
Proposal 1: The maximum DMRS TDW without timing and frequency adjustment should be within 6 slots in consideration of timing error and phase continuity requirements.
Observation 4: Performance gain can be achieved with segmented pre-compensation based DMRS bundling.
Proposal 2: The maximum pre-compensation segment length should be within 6 slots.
Proposal 3: Segment length for pre-compensation should be provided by gNB and actual TDW is determined based on the indicated segment length. 
· The actual TDW should be shorter or equal to the segment length for pre-compensation.
· Note: It can be determined according to the UE capability.
Proposal 4: Other enhancements including 2Tx, high power UE and polarization matching should also be supported to improve the performance for VoIP on PUSCH.
Proposal 5: The PUCCH format-1 with 14 symbols should be used as the baseline for enhancement.
Proposal 6: The enhancement on DMRS bundling should also be applied for PUCCH with similar mechanism as PUSCH for VoIP. 
Proposal 7: A bit field in Msg3 can be defined to indicate whether to support DMRS bundling for PUCCH for Msg4 HARQ-ACK.
Proposal 8: If network only indicates one repetition factor to UE through SIB broadcast, UE capable of PUCCH repetition for Msg4 HARQ-ACK should directly apply the indicated repetition factor.
Proposal 9: If network indicates multiple repetition factors to UE through SIB broadcast, UE capable of PUCCH repetition for Msg4 HARQ-ACK may indicate the requested repetition number to network through msg3. And the requested repetition number will be applied for PUCCH repetition of msg4 HARQ-ACK.
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Table 3 Link budget assumption for UL
	Parameters
	Notes

	Carrier Frequency
	2 GHz for UL (S-band)

	Sub-carrier Spacing
	15kHz

	Channel Bandwidth
	360 kHz

	Satellite altitude
	600km, 1200km

	Target elevation angle
	300~900

	Free space path loss
	Equation (6.6-2) in TR 38.811

	Atmospheric loss
	Equation (6.6-8) in TR 38.811

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in TR 38.811

	Additional loss
	0 dB

	Polarization loss
	3 dB

	UE antenna gain
	-5.5dBi


[bookmark: _Ref8004][bookmark: _Ref7168]Table 4 Simulation assumption for VoIP on PUSCH
	Parameter
	Value

	Carrier Frequency
	2 GHz

	Sub-carrier Spacing
	15kHz

	Channel Bandwidth
	2PRBs

	Channel Model
	NTN-TDL-C Rural 300 elevation angle, -8.46 for lgDS, 8.05 for K

	UE Antenna Configuration
	1T1R, 2T1R

	UE speed
	3 km/h

	Frequency offset
	0 ppm

	JCE
	w/ JCE 

	HARQ configuration
	w/o HARQ

	Modulation
	QPSK

	PUSCH duration
	14 OS

	PUSCH for VoIP
	MCS index:2
TBS: 184bits
DMRS configuration: Type I, DMRS symbol
Number of repetitions: 20
BLER: 2% iBLER


[bookmark: _Ref6526]Table 5 Link-level simulation assumptions for PUCCH transmission
	Parameter
	Value

	PUCCH format 
	Format 1, 1-bit for HARQ-ACK for Msg4.

	Carrier frequency
	2 GHz

	SCS
	15kHz

	Channel Bandwidth
	20MHz

	Channel Model
	NTN-TDL-C Rural 300 elevation angle, -8.46 for lgDS, 8.05 for K

	UE Antenna Configuration
	1T1R

	UE speed
	3 km/h

	Modulation
	BPSK

	Frequency offset
	0/0.1 ppm

	Frequency hopping
	w/ inter-slot

	BLER
	For PUCCH format 1: 
DTX to ACK probability: 1%. 
BLER: 1%

	Repetitions
	w/ repetition.
The number of repetitions is 2,4.

	PUCCH duration
	14 OS

	JCE
	w/ or w/o JCE 

	Number of PRBs
	1 PRB
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