


[bookmark: OLE_LINK26][bookmark: OLE_LINK25]3GPP TSG RAN WG1 #110	                                                                                            R1-2206063 
Toulouse, France, August 22nd – 26th, 2022 

Source:	vivo
Title:	Discussions on coverage enhancement for NR NTN
Agenda Item:	9.12.1
Document for:	Discussion and Decision
1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
The following Rel-18 NTN coverage enhancement related objectives have been approved in [1], which focuses more on the applicability of introducing the solutions developed by general NR coverage enhancement work item to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. 
	Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):
· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals
The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above.
· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels
· NTN-specific techniques for improved diversity and/or reduced polarization loss
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.
RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated.


In RAN1 #109bis-e meeting, it has been agreed that link budget analysis used in Rel-16 NR NTN study item would be reused in this work item.
	Agreement
Coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR38.821
· For polarization loss,
· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared 


Furthermore, for evaluation of different physical channels, assumptions were also agreed mainly based on the assumptions agreed in NR Rel-17 coverage enhancement study item.
In this contribution, we discuss the coverage enhancement for NR NTN, including following aspects:
· Link budget analysis for different channels,
· Potential coverage enhancement techniques.
2. Discussions
0. [bookmark: _Hlk111193482]Link budget analysis for different channels
To find the bottleneck channel of coverage and performance gap to support target services in NTN, link budget analysis is necessary. In this section, we provide link budget results and analysis for following channels:  
· SSB,
· Broadcast and dedicated PDCCH,
· PDSCH carrying voice, data, Msg2 and Msg4,
· PUSCH carrying voice, data, Msg3,
· PRACH with format 0, format 2 and format B4,
· PUCCH with format 1 and format 3.
As agreed in RAN1 #109-e meeting, parameter configurations of link budget calculation, satellite characteristics and UE characteristics are provided in Appendix A table A1, table A2 and table A3 respectively. In addition, channel model NTN-TDL-A(NLOS) is agreed for coverage performance evaluation. However, as specified in [2], clutter loss for NLOS should be considered for link budget calculation, which is described as following. 
	

Clutter loss (CL) models the attenuation of signal power caused by surrounding buildings and objects on the ground. It depends on the elevation angle α, the carrier frequency fc, and the environment. Shadow fading (SF) is modeled by a log-normal distribution, which when expressed in decibel unit, is a zero-mean normal distribution with a standard deviation , i.e., .
The basic path loss in dB unit is modeled as
	,	(6.6-4)





where  is the free space path loss, is clutter loss, and  is shadow fading loss represented by a random number generated by the normal distribution, i.e.,  ~. When the UE is in LOS condition, clutter loss is negligible and should be set to 0 dB in the basic path loss model.


The values of  and  are given in tables 6.6.2-1 to 6.6.2-3 at reference elevation angles for different scenarios. The UE in a particular scenario should take the values corresponding to the reference angle nearest to its elevation angle α.
Table 6.6.2-3: Shadow fading and clutter loss for suburban and rural scenarios
	Elevation
	S-band
	Ka-band

	
	LOS
	NLOS
	LOS
	NLOS

	
	
(dB)
	
(dB)
	
(dB)
	
(dB)
	
 (dB)
	
(dB)

	10°
	1.79
	8.93
	19.52
	1.9
	10.7
	29.5

	20°
	1.14
	9.08
	18.17
	1.6
	10.0
	24.6

	30°
	1.14
	8.78
	18.42
	1.9
	11.2
	21.9

	40°
	0.92
	10.25
	18.28
	2.3
	11.6
	20.0

	50°
	1.42
	10.56
	18.63
	2.7
	11.8
	18.7

	60°
	1.56
	10.74
	17.68
	3.1
	10.8
	17.8

	70°
	0.85
	10.17
	16.50
	3.0
	10.8
	17.2

	80°
	0.72
	11.52
	16.30
	3.6
	10.8
	16.9

	90°
	0.72
	11.52
	16.30
	0.4
	10.8
	16.8





As can be seen, 18.42 dB CL for 30° elevation angle, 18.17 dB for 20° and 19.52 dB for 10° in rural scenarios should be considered for NLOS in coverage performance evaluation. If such large CL is considered, the performance gap would be too large to be compensated via potential coverage enhancement techniques. Thus, NLOS condition should be de-prioritized. 
Observation 1: 
· 18.42 dB CL for 30° elevation angle, 18.17 dB CL for 20° and 19.52 dB CL for 10° in rural scenarios should be considered for NLOS in coverage performance evaluation.
Proposal 1: 
· Focus on the LOS condition in NTN coverage enhancement study. 
0. SSB
Based on assumptions of link budget calculation and link-level simulation (LLS) assumptions, provided in Appendix B table B1, the link budget results and LLS results for SSB are shown in Table 1. For the convenience of comparison, the performance gap is also correspondingly listed in the table. 
Table 1. Link budget analysis for SSB transmission 
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-1.39
	-0.78
	-5.51
	-7.97
	/

	
	Set-2
	-7.39
	-6.78
	-11.11
	/
	-13.24

	LLS results
	NTN-TDL-A
	-7.69
	-7.68
	-7.55
	-7.60
	-7.60

	
	NTN-TDL-C
	-11.26
	-11.24
	-11.33
	-12.90
	-12.19

	Performance gap
	NTN-TDL-A vs Set-1
	-6.30
	-6.90
	-2.04
	0.37
	/

	
	NTN-TDL-A vs Set-2
	-0.30
	-0.90
	3.56
	/
	5.64

	
	NTN-TDL-C vs Set-1
	-9.87
	-10.46
	-5.82
	-4.93
	/

	
	NTN-TDL-C vs Set-2
	-3.87
	-4.46
	-0.22
	/
	1.05


Note: For performance gap, positive value means there is some performance gap between CNR from link budget calculation and the required SNR from LLS, and negative values mean there could be some margins. 
It can be observed that PBCH cannot meet the link budget requirement in NLOS condition for MEO and GEO set 2 satellites, 3.56dB to 5.64dB performance gap is observed. And for LOS condition, PBCH cannot meet the link budget requirement for GEO set 2 satellites as well. That is, for GEO set-2 satellites, cell search would always be difficult, not to mention the subsequent procedure. Therefore, GEO Set-2 should be de-prioritized. 
Observation 2: 
· For SSB transmission, 3.56dB to 5.64dB performance gap is observed in NLOS condition for MEO and GEO set 2 satellites. 
· For SSB transmission, PBCH cannot meet the link budget requirement in LOS condition for GEO set 2 satellites. 
Proposal 2: 
· In case of GEO case, focus on studying GEO set 1 satellite and de-prioritize GEO Set-2. 
· No enhancement of SSB in Rel-18 NTN enhancement WI. 
0. PDCCH
For PDCCH, based on assumptions of link budget calculation and link-level simulation (LLS) assumptions provided in Appendix C table C1, the link budget results, LLS results and the performance gap are shown in Table 2. 
Table 2. Link budget analysis for PDCCH transmission 
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-1.39
	-0.78
	-5.51
	-7.97
	/

	
	Set-2
	-7.39
	-6.78
	-11.11
	/
	-13.24

	LLS results
	NTN-TDL-A
	-4.89
	-4.88
	-4.88
	-4.88
	-4.88

	
	NTN-TDL-C
	-8.56
	-8.55
	-8.58
	-10.12
	-9.43

	Performance gap
	NTN-TDL-A vs Set-1
	-3.50
	-4.10
	0.63
	3.09
	/

	
	NTN-TDL-A vs Set-2
	2.50
	1.90
	6.23
	/
	8.36

	
	NTN-TDL-C vs Set-1
	-7.17
	-7.77
	-3.07
	-2.15
	/

	
	NTN-TDL-C vs Set-2
	-1.17
	-1.77
	2.53
	/
	3.81


In link budget calculation, same satellite antenna gain is assumed for both broadcast and dedicated PDCCH. In LOS condition, 2.53dB and 3.81 dB performance gap are observed for MEO and GEO set 2 satellites, respectively. Actually, for LEO/MEO or GEO set1 cases, the required SNR can be met and no enhancement is needed when we only focus on these cases. Furthermore, it should be mentioned that in this evaluation, dedicated PDCCH repetition, which has already been introduced in MIMO topic in NR Rel-17, is not assumed.
Observation 3: 
· For PDCCH, in LOS condition, 2.53dB and 3.81 dB performance gap are observed for MEO and GEO set 2 satellites, respectively.
Proposal 3:
· Focus on cases of LEO, MEO satellites, or GEO set-1 satellites.
· No enhancement of PDCCH is needed in Rel-18 NTN enhancement WI.
0. PDSCH
For PDSCH, VoIP, 3kbps/1Mbps data rate and Msg2/Msg4 are evaluated by link budget analysis, and the corresponding LLS assumptions are provided in Appendix D table D1 and table D2, respectively. 
VoIP
Though VoIP packet can be transmitted within 20ms, only maximum 16 repetitions for PDSCH is assumed according to the current specification. In addition, 7 PRBs are used to meet the lowest code rate requirement which is close to the target coding rate of MCS0. The results of link budget analysis for PDSCH VoIP are shown in Table 3.
Table 3. Link budget analysis for PDSCH VoIP transmission
	Link budget results
	Satellite set
	LEO-600
	LEO-1200

	
	Set-1
	-1.39
	-0.78

	
	Set-2
	-7.39
	-6.78

	LLS results
	NTN-TDL-A
	-9.61
	-9.62

	
	NTN-TDL-C
	-14.15
	-14.14

	Performance gap
	NTN-TDL-A vs Set-1
	-8.22
	-8.84

	
	NTN-TDL-A vs Set-2
	-2.22
	-2.84

	
	NTN-TDL-C vs Set-1
	-12.76
	-13.36

	
	NTN-TDL-C vs Set-2
	-6.76
	-7.36


It is clearly observed that there is no coverage issue for any studied scenarios to support VoIP on PDSCH in NTN. Thus, no enhancement of PDSCH for VoIP is expected.
Observation 4: 
· There is no coverage issue for all studied scenarios to support VoIP on PDSCH.
Proposal 4:
· No enhancement of PDSCH for VoIP is needed in Rel-18 NTN enhancement WI.

Low data rate: 3kbps/1Mbps
In order to meet the target data rate requirement and achieve best link level performance, a proper number of repetitions and number of PRBs should be determined, since TBS, at a given target data rate, depends not only on the number of PRBs but also on the number of repetitions. When the number of repetitions is increased, the transmission delay will increase, and TBS should be linearly scaled. In addition, in order to have lowest coding rate, i.e. to adopt MCS0, 2 PRBs are selected for 3kbps data rate. While for 1Mbps data rate, 52 PRBs are used for better data rate. The results of link budget analysis for PDSCH low data rate are provided in Table 4 and Table 5.
Table 4. Link budget analysis for PDSCH 3kbps data rate transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-1.39
	-0.78
	-5.51
	-7.97
	/

	
	Set-2
	-7.39
	-6.78
	-11.11
	/
	-13.24

	LLS results
	NTN-TDL-A
	-11.49
	-11.50
	-11.50
	-11.51
	-11.51

	
	NTN-TDL-C
	-14.45
	-14.46
	-14.47
	-15.96
	-15.27

	Performance gap
	NTN-TDL-A vs Set-1
	-10.10
	-10.72
	-5.99
	-3.54
	/

	
	NTN-TDL-A vs Set-2
	-4.10
	-4.72
	-0.39
	/
	1.73

	
	NTN-TDL-C vs Set-1
	-13.06
	-13.68
	-8.96
	-7.99
	/

	
	NTN-TDL-C vs Set-2
	-7.06
	-7.68
	-3.36
	/
	-2.03


Table 5. Link budget analysis for PDSCH 1Mbps data rate transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-1.39
	-0.78
	-5.51
	-7.97
	/

	
	Set-2
	-7.39
	-6.78
	-11.11
	/
	-13.24

	LLS results
	NTN-TDL-A
	-4.25
	-4.24
	-4.23
	-4.23
	-4.23

	
	NTN-TDL-C
	-7.33
	-7.33
	-7.33
	-9.51
	-8.28

	Performance gap
	NTN-TDL-A vs Set-1
	-2.86
	-3.46
	1.28
	3.74
	/

	
	NTN-TDL-A vs Set-2
	3.14
	2.54
	6.88
	/
	9.01

	
	NTN-TDL-C vs Set-1
	-5.94
	-6.55
	-1.82
	-1.54
	/

	
	NTN-TDL-C vs Set-2
	0.06
	-0.55
	3.78
	/
	4.96


For 3kbps data rate, all link quality can meet the link budget requirement for all LEO/MEO/GEO cases according to the results above, no enhancement is needed. However, for 1Mbps data rate in LOS condition, 3.78dB and 4.96dB performance gap is observed under MEO set-2 cases and GEO set-2 cases, respectively. Furthermore, there is no need to require 1Mbps data rate to support critical services in NTN in our view. Thus, 1Mbps data on PDSCH should be focused on only for set-1 satellites. 
Observation 5:
· For PDSCH 3kbps data rate, no coverage issue is observed.
· For PDSCH 1Mbps data rate in LOS condition, 3.78dB and 4.96dB performance gap can be observed under MEO set-2 cases and GEO set-2 cases, respectively.
Proposal 5:
· Focus on 3kbps data on PDSCH and no enhancement is needed in this case. 
· 1Mbps data on PDSCH should be focused on only for set-1 satellites.
Msg2/Msg4
37 PRBs, instead of 52 PRBs, are assumed for Msg4 LLS due to its lowest coding rate is required by MCS0. For Msg2 PDSCH, considering TB scaling is already supported, 52 PRBs can be used for Msg2 PDSCH. However, the bandwidth of Msg2 should also be restricted by initial DL BWP defined by bandwidth of CORESET0 when configured, therefore, 48 PRBs are selected for Msg2 PDSCH evaluation. Moreover, no repetition is considered for Msg2 and Msg4. The results of link budget analysis for PDSCH Msg2 and Msg4 are shown in Table 6 and Table 7 respectively.
Table 6. Link budget analysis for PDSCH Msg2 transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-1.39
	-0.78
	-5.51
	-7.97
	/

	
	Set-2
	-7.39
	-6.78
	-11.11
	/
	-13.24

	LLS results
	NTN-TDL-A
	-10.14
	-10.12
	-10.13
	-10.14
	-10.14

	
	NTN-TDL-C
	-15.01
	-15.00
	-15.00
	-17.92
	-16.52

	Performance gap
	NTN-TDL-A vs Set-1
	-8.75
	-9.34
	-4.62
	-2.17
	/

	
	NTN-TDL-A vs Set-2
	-2.75
	-3.34
	0.98
	/
	3.10

	
	NTN-TDL-C vs Set-1
	-13.62
	-14.22
	-9.49
	-9.95
	/

	
	NTN-TDL-C vs Set-2
	-7.62
	-8.22
	-3.89
	/
	-3.28


Table 7. Link budget analysis for PDSCH Msg4 transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-1.39
	-0.78
	-5.51
	-7.97
	/

	
	Set-2
	-7.39
	-6.78
	-11.11
	/
	-13.24

	LLS results
	NTN-TDL-A
	0.83
	0.83
	0.83
	0.82
	0.82

	
	NTN-TDL-C
	-4.14
	-4.14
	-4.14
	-7.74
	-5.86

	Performance gap
	NTN-TDL-A vs Set-1
	2.22
	1.61
	6.34
	8.79
	/

	
	NTN-TDL-A vs Set-2
	8.22
	7.61
	11.94
	/
	14.06

	
	NTN-TDL-C vs Set-1
	-2.75
	-3.36
	1.37
	0.23
	/

	
	NTN-TDL-C vs Set-2
	3.25
	2.64
	6.97
	/
	7.38


From the above results, no coverage issue for Msg2 is identified in all scenarios except GEO set-2 which should be de-prioritized according to analysis to other channels e.g. SSB. Therefore, no enhancement of PDSCH for Msg2 is needed. 
For Msg4, 0.23 dB to 7.38 dB performance gap is observed for all scenarios (except LEO set 1) in LOS condition when no retransmission and large payload size (1040bits) are assumed. Msg4 retransmission may be hard to be supported in NTN, since this would be restricted not only by the contention resolution timer which is up to 64ms after last Msg3 transmission/retransmission, but also by the large RTT depending on the satellite altitude considered. However, multiple Msg4 transmissions within contention resolution timer window is allowed, which is up to gNB implementation. With that, no enhancement of PDSCH Msg4 may be necessary.
Observation 6:
· For Msg2, no coverage issue is identified in any scenarios except GEO set-2.
· For Msg4, 0.23 dB to 7.38 dB performance gap is observed for all scenarios (except LEO set 1) in LOS condition. 
· Multiple Msg4 transmissions can be scheduled by gNB independently.
Proposal 6:
· No enhancement of PDSCH for Msg2 is needed in Rel-18 NTN enhancement WI.
· No enhancement of PDSCH for Msg4 is needed in Rel-18 NTN enhancement WI.
0. PUSCH
For PUSCH, VoIP, 3kbps/100kbps data rate and Msg3 are evaluated based on the LLS assumptions provided in Appendix E table E1 and table E2, respectively. 
VoIP:
Instead of enabling HARQ, 20 repetitions for PUSCH VoIP is utilized due to the transmission time interval of voice packet. The results of link budget analysis for PUSCH VoIP are shown in Table 8.
Table 8. Link budget analysis for PUSCH VoIP transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200

	Link budget results
	Set-1
	-5.23
	-10.62

	
	Set-2
	-11.23
	-16.62

	　
LLS results
	NTN-TDL-A
	no hopping
	-5.79
	-5.77

	
	
	no hopping with JCE
	-7.65
	-7.64

	
	
	intra-slot hopping
	-5.7
	-5.7

	
	
	inter-slot hopping
	-5.6
	-5.6

	
	NTN-TDL-C
	no hopping
	-10.35
	-10.34

	
	
	no hopping with JCE
	-12.25
	-12.26

	
	
	intra-slot hopping
	-10.38
	-10.4

	
	
	inter-slot hopping
	-10.25
	-10.25

	Performance gap
	NTN-TDL-A vs Set-1
	no hopping
	-0.56
	4.85

	
	
	no hopping with JCE
	-2.42
	2.98

	
	NTN-TDL-A vs Set-2
	no hopping
	5.44
	10.85

	
	
	no hopping with JCE
	3.58
	8.98

	
	NTN-TDL-C vs Set-1
	no hopping
	-5.12
	0.28

	
	
	no hopping with JCE
	-7.02
	-1.64

	
	NTN-TDL-C vs Set-2
	no hopping
	0.88
	6.28

	
	
	no hopping with JCE
	-1.02
	4.36


As can be seen, frequency hopping has little gain in both NTN-TDL-A and NTN-TDL-C cases for VoIP, which is why in the evaluations of PUSCH for low rate data and Msg3, the results with frequency hopping will not be shown. 
It can also be observed that joint channel estimation (JCE) could provide around 2dB gain in both LOS and NLOS conditions. Furthermore, PUSCH VoIP can work with all LEO scenarios except LEO-1200 set-2 satellites in LOS condition when JCE is enabled. And 4.36dB performance gap is required to support PUSCH VoIP for LEO-1200 set-2 satellites in LOS condition, which is hard to achieve given the restriction of 20ms TTI of one voice packet. 
Observation 7:
· Frequency hopping provides little gain in both NTN-TDL-A and NTN-TDL-C cases.
· JCE provides around 2dB gain in both LOS and NLOS conditions.
· PUSCH VoIP can work with all LEO scenarios except LEO-1200 set-2 satellites in LOS condition when JCE is enabled.
· 4.36dB performance gap is required to support PUSCH VoIP for LEO-1200 set-2 satellites, which can hardly be achieved due to 20ms TTI requirement for a voice packet. 
Proposal 7:
· Support JCE of PUSCH in NTN and prioritize LEO scenarios except LEO-1200 set 2 scenarios. 
Low data rate: 3kbps
As is known, in UL, with the bandwidth increasing, the calculated CNR would be worse due to Tx power limitation. For 3kbps data rate, 2PRBs are used not only to meet the code rate requirements of supported MCS values but also to derive best CNR. In the evaluation, on top of the 32 repetitions which is the maximum value supported in current spec., 48 repetitions and 64 repetitions are also evaluated in order to verify how the performance can be improved with increasing the number of repetitions. The results are shown in Table 9.
Table 9. Link budget analysis for PUSCH 3kbps data rate transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-5.23
	-10.62
	-14.45
	-18.91
	/　

	
	Set-2
	-11.23
	-16.62
	-23.65
	　/
	-23.68

	　
LLS results
	NTN-TDL-A
	32 Rep
	-13.11
	-13.07
	-13.06
	-13.06
	-13.08

	
	
	32 Rep with JCE
	-15.63
	-15.65
	-15.63
	-15.63
	-15.62

	
	
	48 Rep
	-13.73
	-13.73
	-13.71
	-13.72
	-13.72

	
	
	48 Rep with JCE
	-16.49
	-16.50
	-16.52
	-16.49
	-16.49

	
	
	64 Rep
	-13.97
	-13.94
	-13.98
	-13.95
	-13.95

	
	
	64 Rep with JCE
	-16.88
	-16.88
	-16.81
	-16.85
	-16.85

	
	NTN-TDL-C
	32 Rep
	-15.82
	-15.83
	-15.82
	-17.42
	-16.61

	
	
	32 Rep with JCE
	-18.24
	-18.22
	-18.25
	-19.79
	-19.00

	
	
	48 Rep
	-16.16
	-16.15
	-16.15
	-17.63
	-16.88

	
	
	48 Rep with JCE
	-18.72
	-18.74
	-18.74
	-20.17
	-19.45

	
	
	64 Rep
	-16.37
	-16.37
	-16.36
	-17.69
	-16.95

	
	
	64 Rep with JCE
	-19.16
	-19.16
	-19.11
	-20.34
	-19.71

	Performance gap
	NTN-TDL-A vs Set-1
	32 Rep with JCE
	-10.40
	-5.03
	-1.18
	3.28
	/

	
	
	48 Rep with JCE
	-11.26
	-5.88
	-2.07
	2.42
	/

	
	
	64 Rep with JCE
	-11.65
	-6.26
	-2.36
	2.06
	/

	
	NTN-TDL-A vs Set-2
	32 Rep with JCE
	-4.40
	0.97
	8.02
	/
	8.06

	
	
	48 Rep with JCE
	-5.26
	0.12
	7.13
	/
	7.19

	
	
	64 Rep with JCE
	-5.65
	-0.26
	6.84
	/
	6.83

	
	NTN-TDL-C vs Set-1
	32 Rep with JCE
	-13.01
	-7.60
	-3.80
	-0.88
	/

	
	
	48 Rep with JCE
	-13.49
	-8.12
	-4.29
	-1.26
	/

	
	
	64 Rep with JCE
	-13.93
	-8.54
	-4.66
	-1.43
	/

	
	NTN-TDL-C vs Set-2
	32 Rep with JCE
	-7.01
	-1.60
	5.40
	/
	4.68

	
	
	48 Rep with JCE
	-7.49
	-2.12
	4.91
	/
	4.23

	
	
	64 Rep with JCE
	-7.93
	-2.54
	4.54
	/
	3.97


According to the results, it can be observed that 32 repetitions with JCE are enough to support PUSCH 3kbps data rate with set-1 satellites in LOS condition. 
4.68dB and 5.4dB performance gaps are observed to support PUSCH 3kbps data rate in LOS condition for GEO set-2 and MEO set-2 satellites respectively which should be deprioritized as we proposed in downlink channel link budget analysis.
It can also be seen that increasing number of repetitions would not help that much, e.g. only 0.7dB gain can be achieved from 64 repetitions compared to 32 repetitions since increasing number of repetitions also extends the delay which would increase the coding rate to meet the target data rate requirement. 
Observation 8:
· 32 repetitions with JCE are enough to support PUSCH 3kbps data rate with set-1 satellites in LOS condition.  
· 4.68dB and 5.4dB coverage enhancement are required to support PUSCH 3kbps data rate in LOS condition for GEO set-2 and MEO set-2 satellites respectively.
· Increasing repetition number would not help that much to improve the performance of PUSCH with 3kbps data. 
Proposal 8:
· For PUSCH 3kbps data rate, only focus on set-1 satellites for MEO/GEO cases. 
· For PUSCH 3kbps data rate, increasing repetition number beyond 32 should be de-prioritized. 
Low data rate: 100kbps
As is already discussed, reducing the number of PRBs could provide better CNR, but the code rate would be increased. In order to find a close to best combination of PRBs and number of repetitions for PUSCH carrying data with100kbps data rate, a set of combinations of number of PRBs and number of repetitions are evaluated. From the results for all scenarios, minimum performance gap is observed in the case with 4 PRBs and 2 repetitions which is finally selected to determine the performance gap for PUSCH with 100kbps data rate. The results are shown in Table 10.
Table 10. Link budget analysis for PUSCH 100kbps data rate transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-8.24
	-13.63
	-17.46
	-21.92
	/

	
	Set-2
	-14.24
	-19.63
	-26.66
	/
	-26.69

	
	NTN-TDL-A
	4RB with 2 Rep with JCE
	-3.61
	-3.61
	-3.61
	-3.61
	-3.61

	
	NTN-TDL-C
	4RB with 2 Rep with JCE
	-6.61
	-6.63
	-7.54
	-8.46
	-8.45

	Performance gap
	NTN-TDL-A vs Set-1
	4RB with 2 Rep with JCE
	4.63
	10.02
	13.85
	18.31
	/

	
	NTN-TDL-A vs Set-2
	4RB with 2 Rep with JCE
	10.63
	16.02
	23.05
	/
	23.08

	
	NTN-TDL-C vs Set-1
	4RB with 2 Rep with JCE
	1.63
	7.00
	9.92
	13.46
	/

	
	NTN-TDL-C vs Set-2
	4RB with 2 Rep with JCE
	7.63
	13.00
	19.12
	/
	18.24


It can be observed that up to 13dB, 18.24dB and 19.12dB performance gaps need to be compensated to support PUSCH 100kbps data rate in LEO, GEO and MEO scenarios respectively. Fix such huge performance gap would be challenging and require enormous work effort. Due to limited TUs on NTN, RAN1 should deprioritize PUSCH 100kbps data rate for coverage enhancement study.
Observation 9:
· Up to 13dB, 18.36dB and 19.25dB coverage enhancements are required to support PUSCH 100kbps data rate in LEO, GEO and MEO scenarios respectively.
Proposal 9:
· RAN1 should deprioritize 100kbps on PUSCH for Rel-18 NTN coverage enhancement study.
Msg3
Since there’s no data rate requirement for Msg3, increasing number of repetitions or retransmissions would provide high performance gain. In our evaluation, more than 16 repetitions, e.g. 32,48,64, are also provided to verify the performance gain from increasing the repetition number, which can indirectly show how Msg3 retransmission which is already supported would perform. The results of link budget analysis for PUSCH Msg3 are shown in Table 11.
Table 11. Link budget analysis for PUSCH Msg3 transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-5.23
	-10.62
	-14.45
	-18.91
	/

	
	Set-2
	-11.23
	-16.62
	-23.65
	/
	-23.68

	LLS results
	NTN-TDL-A
	16 Rep
	-8.40
	-8.41
	-8.38
	-8.38
	-8.38

	
	
	32 Rep
	-11.62
	-11.59
	-11.55
	-11.58
	-11.58

	
	
	48 Rep
	-13.44
	-13.48
	-13.49
	-13.46
	-13.55

	
	
	64 Rep
	-14.94
	-15.04
	-15.04
	-15.07
	-14.97

	
	NTN-TDL-C
	16 Rep
	-13.07
	-13.07
	-13.06
	-15.91
	-14.61

	
	
	32 Rep
	-15.49
	-15.51
	-15.51
	-17.96
	-16.74

	
	
	48 Rep
	-16.99
	-17.03
	-16.95
	-19.13
	-18.14

	
	
	64 Rep
	-18.05
	-18.05
	-17.98
	-19.82
	-19.00

	Performance gap
	NTN-TDL-A vs Set-1
	16 Rep
	-3.17
	2.21
	6.07
	10.53
	/

	
	
	32 Rep
	-6.39
	-0.97
	2.90
	7.33
	/

	
	
	48 Rep
	-8.21
	-2.86
	0.96
	5.45
	/

	
	
	64 Rep
	-9.71
	-4.42
	-0.59
	3.84
	/

	
	NTN-TDL-A vs Set-2
	16 Rep
	2.83
	8.21
	15.27
	/
	15.30

	
	
	32 Rep
	-0.39
	5.03
	12.10
	/
	12.10

	
	
	48 Rep
	-2.21
	3.14
	10.16
	/
	10.13

	
	
	64 Rep
	-3.71
	1.58
	8.61
	/
	8.71

	
	NTN-TDL-C vs Set-1
	16 Rep
	-7.84
	-2.45
	1.39
	3.00
	/

	
	
	32 Rep
	-10.26
	-4.89
	-1.06
	0.95
	/

	
	
	48 Rep
	-11.76
	-6.41
	-2.50
	-0.22
	/

	
	
	64 Rep
	-12.82
	-7.43
	-3.53
	-0.91
	/

	
	NTN-TDL-C vs Set-2
	16 Rep
	-1.84
	3.55
	10.59
	/
	9.07

	
	
	32 Rep
	-4.26
	1.11
	8.14
	/
	6.94

	
	
	48 Rep
	-5.76
	-0.41
	6.70
	/
	5.54

	
	
	64 Rep
	-6.82
	-1.43
	5.67
	/
	4.68


As can be seen, increasing repetition number for Msg3 could provide significant performance gain. In LOS condition, 48 repetitions are enough to support PUSCH Msg3 for LEO/MEO/GEO set-1 satellites or LEO set-2 satellites. Even with 64 repetitions, 5.67dB and 4.68dB performance gap can be observed for MEO set-2 and GEO set-2 satellites, respectively. 64 repetitions can be regarded as a combination of 16 repetitions and 4 re-transmissions. More retransmissions could be scheduled in order to remove the gap even for GEO/MEO set 2 scenarios though these scenarios should be deprioritized as we discuss other channels in earlier sections. According to above, no enhancement of PUSCH for Msg3 is needed. 
Observation 10:
· Without target data rate requirement, increasing repetition number could provide significant performance gain for Msg3.
· In LOS condition, 48 repetitions are enough to support PUSCH Msg3 for LEO/MEO/GEO set-1 satellites and LEO set-2 satellites.
· With 64 repetitions, 5.67dB and 4.68dB performance gap is observed for MEO set-2 and GEO set-2 satellites respectively, which can be compensated via more retransmissions on top of the up to 16 repetitions supported already for Msg3.
Proposal 10:
· No enhancement of PUSCH Msg3 is needed for Rel-18 NTN.
0. PRACH
For PRACH, assumptions of link budget calculation and link-level simulation (LLS) assumptions for different PRACH formats are provided in Appendix F table F1. The results are shown in Table 12~14 for the 3 PRACH formats respectively. Results at both 1% and 10% target PRACH missed detection rate are provided.
Table 12. Link budget analysis for PRACH format 0 transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-10.00
	-15.39
	-19.22
	-23.68
	/

	
	Set-2
	-16.00
	-21.39
	-28.42
	　/
	-28.45

	LLS results
	NTN-TDL-A
	Miss detection(1%)
	-9.29
	-9.28
	-9.34
	-9.41
	-9.41

	
	
	Miss detection(10%)
	-14.69
	-14.68
	-14.66
	-14.72
	-14.72

	
	NTN-TDL-C
	Miss detection(1%)
	-14.68
	-14.67
	-14.69
	-17.32
	-16.25

	
	
	Miss detection(10%)
	-17.45
	-17.45
	-17.45
	-18.61
	-18.12

	Performance gap
	NTN-TDL-A 
vs Set-1
	Miss detection(1%)
	0.71
	6.11
	9.88
	14.27
	/

	
	
	Miss detection(10%)
	-4.69
	0.71
	4.56
	8.96
	/

	
	NTN-TDL-A 
vs Set-2
	Miss detection(1%)
	6.71
	12.11
	19.08
	/
	19.04

	
	
	Miss detection(10%)
	1.31
	6.71
	13.76
	/
	13.73

	
	NTN-TDL-C 
vs Set-1
	Miss detection(1%)
	-4.68
	0.72
	4.53
	6.36
	/

	
	
	Miss detection(10%)
	-7.45
	-2.06
	1.77
	5.07
	/

	
	NTN-TDL-C 
vs Set-2
	Miss detection(1%)
	1.32
	6.72
	13.73
	/
	12.2

	
	
	Miss detection(10%)
	-1.45
	3.94
	10.97
	/
	10.33


Table 13. Link budget analysis for PRACH format 2 transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-10.00
	-15.39
	-19.22
	-23.68
	/

	
	Set-2
	-16.00
	-21.39
	-28.42
	　/
	-28.45

	LLS results
	NTN-TDL-A
	Miss detection(1%)
	-15.17
	-15.18
	-15.20
	-15.32
	-15.32

	
	
	Miss detection(10%)
	-20.59
	-20.59
	-20.62
	-20.63
	-20.63

	
	NTN-TDL-C
	Miss detection(1%)
	-20.65
	-20.63
	-20.61
	-23.23
	-22.20

	
	
	Miss detection(10%)
	-23.33
	-23.33
	-23.34
	-24.53
	-24.04

	Performance gap
	NTN-TDL-A 
vs Set-1
	Miss detection(1%)
	-5.17
	0.21
	4.02
	8.36
	/

	
	
	Miss detection(10%)
	-10.59
	-5.2
	-1.4
	3.05
	/

	
	NTN-TDL-A 
vs Set-2
	Miss detection(1%)
	0.83
	6.21
	13.22
	/
	13.13

	
	
	Miss detection(10%)
	-4.59
	0.8
	7.8
	/
	7.82

	
	NTN-TDL-C 
vs Set-1
	Miss detection(1%)
	-10.65
	-5.24
	-1.39
	0.45
	/

	
	
	Miss detection(10%)
	-13.33
	-7.94
	-4.12
	-0.85
	/

	
	NTN-TDL-C 
vs Set-2
	Miss detection(1%)
	-4.65
	0.76
	7.81
	/
	6.25

	
	
	Miss detection(10%)
	-7.33
	-1.94
	5.08
	/
	4.41


Table 14. Link budget analysis for PRACH format B4 transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-13.01
	-18.40
	-22.23
	-26.69
	/　

	
	Set-2
	-19.01
	-24.40
	-31.43
	/　
	-31.46

	LLS results
	NTN-TDL-A
	Miss detection(1%)
	-11.88
	-11.89
	-11.88
	-11.92
	-11.92

	
	
	Miss detection(10%)
	-17.23
	-17.23
	-17.25
	-17.28
	-17.28

	
	NTN-TDL-C
	Miss detection(1%)
	-17.18
	-17.17
	-17.15
	-19.72
	-18.75

	
	
	Miss detection(10%)
	-20.03
	-20.03
	-20.03
	-21.16
	-20.69

	Performance gap
	NTN-TDL-A 
vs Set-1
	Miss detection(1%)
	1.13
	6.51
	10.35
	14.77
	/

	
	
	Miss detection(10%)
	-4.22
	1.17
	4.98
	9.41
	/

	
	NTN-TDL-A 
vs Set-2
	Miss detection(1%)
	7.13
	12.51
	19.55
	/
	19.54

	
	
	Miss detection(10%)
	1.78
	7.17
	14.18
	/
	14.18

	
	NTN-TDL-C 
vs Set-1
	Miss detection(1%)
	-4.17
	1.23
	5.08
	6.97
	/

	
	
	Miss detection(10%)
	-7.02
	-1.63
	2.2
	5.53
	/

	
	NTN-TDL-C 
vs Set-2
	Miss detection(1%)
	1.83
	7.23
	14.28
	/
	12.71

	
	
	Miss detection(10%)
	-1.02
	4.37
	11.4
	/
	10.77


According to the results, none of the 3 PRACH formats can meet the link budget requirement in NLOS condition. The maximum performance gap is as high as 19.08db, and maximum performance gap is observed in MEO set-2 scenario for all the 3 PRACH formats. Therefore, similar to what we proposed for channels in earlier sections, NLOS condition should be de-prioritized for PRACH. 
For LOS condition, there is still a certain performance gap for 3 PRACH formats. For PRACH format 0, up to 14dB and 11dB enhancements are required with 1% and 10% target miss detection rate respectively. 
For PRACH format 2, up to 8dB and 5.1dB enhancements are required with 1% and 10% target miss detection rate respectively. 
For PRACH format B4, up to 14.3dB and 11.4dB enhancements are required with 1% and 10% target miss detection rate respectively. 
Considering PRACH repetition would be supported in Rel-18 TN coverage enhancement topic, RAN1 in NTN topic could determine a target performance gap of PRACH without repetition or re-transmission for the prioritized scenarios, and inform TN coverage enhancement topic the target gap so that they could take this into account. 
Observation 11:
· Maximum performance gap is observed in MEO set-2 scenario for all the 3 PRACH formats.
· For PRACH format 0, up to 14dB and 11dB enhancements are required in LOS condition with 1% and 10% target miss detection rate respectively. (MEO is worse than GEO due to satellite TX power difference between GEO and MEO)
· For PRACH format 2, up to 8dB and 5.1dB enhancements are required in LOS condition with 1% and 10% target miss detection rate respectively.
· For PRACH format B4, up to 14.3dB and 11.4dB enhancements are required in LOS condition with 1% and 10% target miss detection rate respectively.
· Repetitions on top of existing retransmission are being studied in Rel-18 TN coverage enhancement topic for PRACH enhancement.
Proposal 11:
· RAN1 should conclude a target performance gap observed from evaluation of PRACH without repetition or re-transmission in NTN. 
0. PUCCH
For PUCCH, format 1 and format 3 are evaluated based on assumptions provided in Appendix G table G1. The results for PUCCH format 1 and format 3 are shown in Table 15 and Table 16 respectively.
Table 15. Link budget analysis for PUCCH format 1 transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-2.22
	-7.61
	-11.44
	-15.89
	　/

	
	Set-2
	-8.22
	-13.61
	-20.64
	　/
	-20.67

	LLS results
	NTN-TDL-A
	NACK to ACK
	-11.5
	-11.66
	-11.82
	-11.83
	-11.81

	
	
	ACK missed
	-10.13
	-10.13
	-10.11
	-10.11
	-10.1

	
	
	HARQ-ACK 
for Msg4
	-2.69
	-2.66
	-7.87
	-2.63
	-2.63

	
	NTN-TDL-C
	NACK to ACK
	-13.31
	-13.33
	-13.38
	-13.77
	-13.5

	
	
	ACK missed
	-12.49
	-12.52
	-12.51
	-13.23
	-12.89

	
	
	HARQ-ACK 
for Msg4
	-7.651
	-7.82
	-2.68
	-9.80
	-8.66

	Performance gap
	NTN-TDL-A 
vs Set-1
	NACK to ACK
	-9.28
	-4.05
	-0.38
	4.06
	/

	
	
	ACK missed
	-7.91
	-2.52
	1.33
	5.78
	/

	
	
	HARQ-ACK 
for Msg4
	-0.47
	4.95
	3.57
	13.26
	/

	
	NTN-TDL-A 
vs Set-2
	NACK to ACK
	-3.28
	1.95
	8.82
	/
	8.86

	
	
	ACK missed
	-1.91
	3.48
	10.53
	/
	10.57

	
	
	HARQ-ACK 
for Msg4
	5.53
	10.95
	12.77
	/
	18.04

	
	NTN-TDL-C 
vs Set-1
	NACK to ACK
	-11.09
	-5.72
	-1.94
	2.12
	/

	
	
	ACK missed
	-10.27
	-4.91
	-1.07
	2.66
	/

	
	
	HARQ-ACK 
for Msg4
	-5.431
	-0.21
	8.76
	6.09
	/

	
	NTN-TDL-C 
vs Set-2
	NACK to ACK
	-5.09
	0.28
	7.26
	/
	7.17

	
	
	ACK missed
	-4.27
	1.09
	8.13
	/
	7.78

	
	
	HARQ-ACK 
for Msg4
	0.569
	5.79
	17.96
	/
	12.01


Table 16. Link budget analysis for PUCCH format 3 transmission
	Results
	Satellite set/Channel/Comparison
	LEO-600
	LEO-1200
	MEO
	GEO Set-1
	GEO Set-2

	Link budget results
	Set-1
	-2.22
	-7.61
	-11.44
	-15.89
	　/

	
	Set-2
	-8.22
	-13.61
	-20.6
	　/
	-20.67

	LLS results
	NTN-TDL-A
	CSI
	-3.35
	-3.39
	-3.36
	-2.56
	-2.56

	
	
	ACK/NACK
	-4.33
	-4.35
	-4.36
	-3.04
	-3.04

	
	NTN-TDL-C
	CSI
	-6.97
	-7.02
	-7.08
	-8.74
	-8.0

	
	
	ACK/NACK
	-7.36
	-7.39
	-7.46
	-9.09
	-8.43

	Performance gap
	NTN-TDL-A 
vs Set-1
	CSI
	-1.13
	4.22
	8.08
	13.33
	/

	
	
	ACK/NACK
	-2.11
	3.26
	7.08
	12.85
	/

	
	NTN-TDL-A 
vs Set-2
	CSI
	4.87
	10.22
	17.24
	/
	18.11

	
	
	ACK/NACK
	3.89
	9.26
	16.24
	/
	17.63

	
	NTN-TDL-C 
vs Set-1
	CSI
	-4.75
	0.59
	4.36
	7.15
	/

	
	
	ACK/NACK
	-5.14
	0.22
	3.98
	6.8
	/

	
	NTN-TDL-C 
vs Set-2
	CSI
	1.25
	6.59
	13.52
	/
	12.67

	
	
	ACK/NACK
	0.86
	6.22
	13.14
	/
	12.24


According to the results, PUCCH format1 and format 3 can meet the link budget requirement only for LEO-600 set-1 satellites. However, for LEO-600 set-2 satellites, there is still performance gap. Maximum performance gap is observed in MEO Set-2 scenario for both PUCCH formats. And we can see that up to 8.13 dB and 13.52dB enhancements are required in LOS condition for PUCCH format 1 and format 3 respectively for dedicated PUCCH. 
For PUCCH carrying Msg4 ACK, it has worst performance in PUCCH format 1 study, as it cannot be repeated. Up to 12.67dB enhancements are required in LOS condition for Msg4 ACK on PUCCH. Repetition transmission can be considered to enhance PUCCH for Msg4 ACK feedback. 
Observation 12:
· Maximum performance gap is observed in MEO Set-2 scenario for both PUCCH formats.
· For dedicated PUCCH, up to 8.13 dB and 13.52dB enhancements are required in LOS condition for PUCCH format 1 and format 3 respectively.
· For Msg4 PUCCH, it has worst performance in PUCCH format 1 study, and requires up to 12.67dB enhancements in LOS condition.
Proposal 12:
· Support PUCCH repetition for Msg4 ACK feedback.
0. [bookmark: _Ref111219271]Summary of link budget analysis
In summary based on the link budget analysis for all channels studied, the following services in LOS condition should be prioritized:
· 4.75kbps VoNR service for LEO-600 satellites or LEO-1200 set-1 satellites.
· 3kbps data service in uplink for LEO satellites or MEO set-1 or GEO set-1 satellites.
· 1Mbps data service in downlink for set-1 LEO/MEO/GEO satellites.
Proposal 13:
· In Rel-18 NTN coverage enhancement work item, LOS condition should be assumed and prioritize following services: 
· 4.75kbps VoNR service for LEO-600 satellites or LEO-1200 set-1 satellites.
· 3kbps data service in uplink for LEO satellites or MEO set-1 or GEO set-1 satellites.
· 1Mbps data service in downlink for set-1 LEO/MEO/GEO satellites.
0. Potential coverage enhancement techniques
In order to support the reasonable services summarized in section 2.1.7, PRACH and PUCCH should be enhanced, e.g. following enhancements can be supported in Rel-18 NTN enhancement WI: 
· JCE of PUSCH/PUCCH.
· PUCCH Msg4 ACK repetition.
· PRACH repetition.
Proposal 14:
· In Rel-18 NTN coverage enhancement work item, support at least following enhancements: 
· JCE of PUSCH/PUCCH for UEs in RRC connected state.
· PUCCH repetition for UEs in RRC idle/inactive state.
· PRACH repetition.
In following sections, our views on some other potential enhancements are also provided.
0.2 
0.3 
2.2.1	RAN overhead reduction
From physical layer perspective, the 4.75kbps AMR voice packet structure can be illustrated in table 17, 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 17. 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 H1 in Appendix H, link level simulation results, as illustrated in Figure 1, are derived for 3 cases: without head reduction (TBS 184bits), with 2 bytes reduced (TBS 168bits) and with 4 bytes reduced (TBS 152bits) respectively.
[image: ]
Figure 1. LLS results 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 13: 
· 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. Hence, we have following proposal.
Proposal 15: 
· Send an LS to RAN2 to ask the maximum RAN protocol overhead that can be reduced for voice packet transmission in NR NTN with a reasonable complexity.
2.2.2	Repetition number enhancement
For VoIP, as is discussed in section 2.1, only up to 20ms (i.e.20 repetitions for 15kHz SCS) is allowed for PUSCH transmission which can already support up to 32 repetitions even based on available slot introduced in NR Rel-17 coverage enhancement work item. This means there’s no need to increase the number of repetitions for VoIP in NR NTN enhancement work item in Rel-18.
For low rate data, the larger the number of repetitions is, the lower the data rate will be, with a given number of PRBs allocated. Furthermore, for uplink the larger the number of PRBs are allocated, the worse the link budget derived would be as the power density of resource element will be decreased when the number of PRBs are increased. As has also been discussed in section 2.1, increasing number of repetitions would not help that much in coverage enhancement of a data channel with a target data rate.
Proposal 16: 
· There’s no need to increase the number of repetitions already supported for data channels in NR Rel-17 for NTN coverage enhancement.
2.2.3	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 14: 
· Circular polarization can be regard as another spatial domain on top of antenna ports. 
Proposal 17: 
· Circular polarization enhancement on Tx diversity could be further studied for downlink transmissions. 
3. Conclusion
In this contribution, we discuss the aspects related to coverage enhancement of NR NTN, and have following  observations and proposals: 
Observation 1: 
· 18.42 dB CL for 30° elevation angle, 18.17 dB CL for 20° and 19.52 dB CL for 10° in rural scenarios should be considered for NLOS in coverage performance evaluation. 
Observation 2: 
· For SSB transmission, 3.56dB to 5.64dB performance gap is observed in NLOS condition for MEO and GEO set 2 satellites. 
· For SSB transmission, PBCH cannot meet the link budget requirement in LOS condition for GEO set 2 satellites. 
Observation 3: 
· For PDCCH, in LOS condition, 2.53dB and 3.81 dB performance gap are observed for MEO and GEO set 2 satellites, respectively.
Observation 4: 
· There is no coverage issue for all studied scenarios to support VoIP on PDSCH.
Observation 5:
· For PDSCH 3kbps data rate, no coverage issue is observed.
· For PDSCH 1Mbps data rate in LOS condition, 3.78dB and 4.96dB performance gap can be observed under MEO set-2 cases and GEO set-2 cases, respectively.
Observation 6:
· For Msg2, no coverage issue is identified in any scenarios except GEO set-2.
· For Msg4, 0.23 dB to 7.38 dB performance gap is observed for all scenarios (except LEO set 1) in LOS condition. 
· Multiple Msg4 transmissions can be scheduled by gNB independently.
Observation 7:
· Frequency hopping provides little gain in both NTN-TDL-A and NTN-TDL-C cases.
· JCE provides around 2dB gain in both LOS and NLOS conditions.
· PUSCH VoIP can work with all LEO scenarios except LEO-1200 set-2 satellites in LOS condition when JCE is enabled.
· 4.36dB performance gap is required to support PUSCH VoIP for LEO-1200 set-2 satellites, which can hardly be achieved due to 20ms TTI requirement for a voice packet. 
Observation 8:
· 32 repetitions with JCE are enough to support PUSCH 3kbps data rate with set-1 satellites in LOS condition.  
· 4.68dB and 5.4dB coverage enhancement are required to support PUSCH 3kbps data rate in LOS condition for GEO set-2 and MEO set-2 satellites respectively.
· Increasing repetition number would not help that much to improve the performance of PUSCH with 3kbps data. 
Observation 9:
· Up to 13dB, 18.36dB and 19.25dB coverage enhancements are required to support PUSCH 100kbps data rate in LEO, GEO and MEO scenarios respectively.
Observation 10:
· Without target data rate requirement, increasing repetition number could provide significant performance gain for Msg3.
· In LOS condition, 48 repetitions are enough to support PUSCH Msg3 for LEO/MEO/GEO set-1 satellites and LEO set-2 satellites.
· With 64 repetitions, 5.67dB and 4.68dB performance gap is observed for MEO set-2 and GEO set-2 satellites respectively, which can be compensated via more retransmissions on top of the up to 16 repetitions supported already for Msg3.
Observation 11:
· Maximum performance gap is observed in MEO set-2 scenario for all the 3 PRACH formats.
· For PRACH format 0, up to 14dB and 11dB enhancements are required in LOS condition with 1% and 10% target miss detection rate respectively. (MEO is worse than GEO due to satellite TX power difference between GEO and MEO)
· For PRACH format 2, up to 8dB and 5.1dB enhancements are required in LOS condition with 1% and 10% target miss detection rate respectively.
· For PRACH format B4, up to 14.3dB and 11.4dB enhancements are required in LOS condition with 1% and 10% target miss detection rate respectively.
· Repetitions on top of existing retransmission are being studied in Rel-18 TN coverage enhancement topic for PRACH enhancement.
Observation 12:
· Maximum performance gap is observed in MEO Set-2 scenario for both PUCCH formats.
· For dedicated PUCCH, up to 8.13 dB and 13.52dB enhancements are required in LOS condition for PUCCH format 1 and format 3 respectively.
· For Msg4 PUCCH, it has worst performance in PUCCH format 1 study, and requires up to 12.67dB enhancements in LOS condition.
Observation 13: 
· 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 14: 
· Circular polarization can be regard as another spatial domain on top of antenna ports. 
Proposal 1: 
· Focus on the LOS condition in NTN coverage enhancement study. 
Proposal 2: 
· In case of GEO case, focus on studying GEO set 1 satellite and de-prioritize GEO Set-2. 
· No enhancement of SSB in Rel-18 NTN enhancement WI. 
Proposal 3:
· Focus on cases of LEO, MEO satellites, or GEO set-1 satellites.
· No enhancement of PDCCH is needed in Rel-18 NTN enhancement WI.
Proposal 4:
· No enhancement of PDSCH for VoIP is needed in Rel-18 NTN enhancement WI.
Proposal 5:
· Focus on 3kbps data on PDSCH and no enhancement is needed in this case. 
· 1Mbps data on PDSCH should be focused on only for set-1 satellites.
Proposal 6:
· No enhancement of PDSCH for Msg2 is needed in Rel-18 NTN enhancement WI.
· No enhancement of PDSCH for Msg4 is needed in Rel-18 NTN enhancement WI.
Proposal 7:
· Support JCE of PUSCH in NTN and prioritize LEO scenarios except LEO-1200 set 2 scenarios. 
Proposal 8:
· For PUSCH 3kbps data rate, only focus on set-1 satellites for MEO/GEO cases. 
· For PUSCH 3kbps data rate, increasing repetition number beyond 32 should be de-prioritized. 
Proposal 9:
· RAN1 should deprioritize 100kbps on PUSCH for Rel-18 NTN coverage enhancement study.
Proposal 10:
· No enhancement of PUSCH Msg3 is needed for Rel-18 NTN.
Proposal 11:
· RAN1 should conclude a target performance gap observed from evaluation of PRACH without repetition or re-transmission in NTN. 
Proposal 12:
· Support PUCCH repetition for Msg4 ACK feedback.
Proposal 13:
· In Rel-18 NTN coverage enhancement work item, LOS condition should be assumed and prioritize following services: 
· 4.75kbps VoNR service for LEO-600 satellites or LEO-1200 set-1 satellites.
· 3kbps data service in uplink for LEO satellites or MEO set-1 or GEO set-1 satellites.
· 1Mbps data service in downlink for set-1 LEO/MEO/GEO satellites.
Proposal 14:
· In Rel-18 NTN coverage enhancement work item, support at least following enhancements: 
· JCE of PUSCH/PUCCH for UEs in RRC connected state.
· PUCCH repetition for UEs in RRC idle/inactive state.
· PRACH repetition.
Proposal 15: 
· Send an LS to RAN2 to ask the maximum RAN protocol overhead that can be reduced for voice packet transmission in NR NTN with a reasonable complexity.
Proposal 16: 
· There’s no need to increase the number of repetitions already supported for data channels in NR Rel-17 for NTN coverage enhancement.
Proposal 17: 
· Circular polarization enhancement on Tx diversity could be further studied for downlink transmissions. 
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Appendixes 
Appendix A. Parameters for link budget calculation
[bookmark: _Ref40286490]Table A1. Parameter configurations for link budget calculation
	Parameters
	Values

	Carrier frequency
	2 GHz for DL and UL (S-band)

	System bandwidth
	10 MHz (S-band), 15kHz SCS

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	30°(LEO), 30° (MEO), 12.5°(GEO-Set 1), 20° (GEO-Set 2)

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: = 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	S band: (M, N, P) = (1,1,2)

	Polarization loss
	3dB

	Free space path loss
	Equation (6.6-2) in [2]

	Clutter loss
	0dB for both NTN-TDL-A and NTN-TDL-C

	Channel model
	Rural scenario, NTN-TDL-A and NTN-TDL-C, DS is mean DS specified in table 6.7.2-8a/7a in [2]

	Outcome
	CNR

	NOTE 1: Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
dB
NOTE 2: [2] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"


Table A2. Satellite characteristics for link budget calculation
	Satellite Set
	
	Set-1
	
	Set-2

	Satellite orbit
	GEO
	MEO
	LEO-1200
	LEO-600
	GEO
	MEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	10000km
	1200 km
	600 km
	35786 km
	10000km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR38.811

	Satellite antenna polarization
	Circular polarization

	Payload characteristics for DL transmissions

	Equivalent antenna aperture
	S-band
(i.e. 2 GHz)
	22 m
	5m
	2 m
	2 m
	12 m
	1.5m
	2 m
	2 m

	EIRP density
	
	59 dBW/MHz
	51 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz
	53.5 dBW/MHz
	45.4 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Tx max Gain
	
	51 dBi
	38.6 dBi
	30 dBi
	30 dBi
	45.5 dBi
	28.1 dBi
	24 dBi
	24 dBi

	3dB beamwidth
	
	0.4011 deg
	2.1 deg
	4.4127 deg
	4.4127 deg
	0.7353 deg
	6.5 deg
	4.4127 deg
	4.4127 deg

	Beam diameter
	
	250 km
	150km
	90 km
	50 km
	450 km
	150km
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent antenna aperture
	S-band
(i.e. 2 GHz)
	22 m
	5m
	2 m
	2 m
	12 m
	1.5m
	2 m
	2 m

	G/T
	
	19 dB K-1
	13 dB K-1
	1.1 dB K-1
	1.1 dB K-1
	14 dB K-1
	3.8 dB K-1
	-4.9 dB K-1
	-4.9 dB K-1

	Rx max Gain
	
	51 dBi
	38.6 dBi
	30 dBi
	30 dBi
	45.5 dBi
	28.1 dBi
	24 dBi
	24 dBi


Table A3. UE characteristics for link budget calculation
	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	-5dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	-5dBi per element


Appendix B. Evaluation assumptions for SSB
Table B1. Link-level simulation assumptions for SSB transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	SCS
	15kHz

	Antenna configuration
	1T2R

	Allocated RBs
	20 PRBs

	Periodicity
	20ms

	Channel model
	NTN-TDL-A(NLOS), NTN-TDL-C(LOS)

	UE speed
	3km/h

	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index

	Elevation angle
	12.5°(GEO Set-1), 20°(GEO Set-2), 30°(LEO/MEO)


Appendix C. Evaluation assumptions for PDCCH
Table C1. Link-level simulation assumptions for PDCCH transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	SCS
	15kHz

	Antenna configuration
	2T2R

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Interleave
	Non-interleave

	Aggregation level
	16

	Channel model
	NTN-TDL-A(NLOS), NTN-TDL-C(LOS)

	UE speed
	3km/h

	Tx Diversity
	precoder cycling (4 precoders)

	BLER
	1% BLER

	Elevation angle
	12.5°(GEO Set-1), 20°(GEO Set-2), 30°(LEO/MEO)


Appendix D. Evaluation assumptions for PDSCH
Table D1. Link-level simulation assumptions for PDSCH VoIP and low data rate transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	Waveform
	CP-OFDM 

	SCS
	15kHz

	Antenna configuration
	1T2R

	Allocated RBs
	7 PRBs for VoIP
2 PRBs for 3kbps data rate
52 PRBs for 1Mbps data rate

	Symbol allocation
	12 symbols 

	DMRS configuration
	Type I, single-symbol, 2 DMRS symbol, no multiplexing with data, e.g. [3 11]

	Mapping type
	Mapping type A

	Repetition number
	Repetition type A, 
16 repetitions for VoIP
16 repetitions for 3kbps data rate
8 repetitions for 1Mbps data rate

	Channel model
	NTN-TDL-A(NLOS), NTN-TDL-C(LOS)

	HARQ
	NO

	UE speed
	3km/h

	TBS
	184 bits for VoIP
3*Repetition number bits for 3kbps data rate
1000*Repetition number bits for 1Mbps data rate

	Modulation order
	QPSK

	BLER
	2% iBLER for VoIP
10% iBLER for 3kbps/1Mbps data

	Elevation angle
	12.5(GEO Set-1), 20(GEO Set-2), 30(LEO/MEO)


Table D2. Link-level simulation assumptions for PDSCH Msg2 and Msg4 transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	Waveform
	CP-OFDM 

	SCS
	15kHz

	Antenna configuration
	1T2R

	Allocated RBs
	48 PRBs for Msg2
37 PRBS for Msg4

	Symbol allocation
	12 symbols 

	DMRS configuration
	3 DMRS symbols for Msg2
2 DMRS symbols for Msg4

	Mapping type
	Mapping type A

	Repetition number
	Repetition type A, 1 repetition

	Channel model
	NTN-TDL-A(NLOS), NTN-TDL-C(LOS)

	HARQ
	NO

	UE speed
	3km/h

	TBS
	64 bits for Msg2
1040 bits for Msg4

	Modulation order
	QPSK

	BLER
	2% iBLER

	Elevation angle
	12.5(GEO Set-1), 20(GEO Set-2), 30(LEO/MEO)


Appendix E. Evaluation assumptions for PUSCH
Table E1. Link-level simulation assumptions for PUSCH VoIP and low data rate transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	Waveform
	DFT-s-OFDM 

	SCS
	15kHz

	Antenna configuration
	1T2R

	Allocated RBs
	360kHz (2PRBs) for VoIP
360kHz (2PRBs) for 3kbps data rate
720kHz (4PRBs) for 100kbps data rate

	Symbol allocation
	14 symbols 

	DMRS configuration
	Type I, single-symbol, 2 DMRS symbol, no multiplexing with data, e.g. [3 11]
w/ frequency hopping: Type I, single-symbol, 2 DMRS symbol for each hop, no multiplexing with data

	Mapping type
	Mapping type A

	Repetition number
	Repetition type A, 
20 repetitions for VoIP
32/48/64 repetitions for 3kbps data rate
2 repetitions for 100kbps data rate

	Channel model
	NTN-TDL-A(NLOS), NTN-TDL-C(LOS)

	Frequency hopping
	w/ or w/o

	HARQ
	NO

	UE speed
	3km/h

	TBS
	184 bits for VoIP
3*Repetition number bits for 3kbps data rate
100* Repetition number bits for 100kbps data rate

	Modulation order
	QPSK

	BLER
	2% rBLER for VoIP
10% iBLER for 3kbps/100kbps data rate

	Elevation angle
	12.5(GEO Set-1), 20(GEO Set-2), 30(LEO/MEO)

	Joint channel estimation
	YES, TDW=Repetition number


Table E2. Link-level simulation assumptions for PUSCH Msg3 transmission
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz, 52RBs

	Waveform
	DFT-s-OFDM 

	SCS
	15kHz

	Antenna configuration
	1T2R

	Allocated RBs
	360kHz (2PRBs)

	Symbol allocation
	14 symbols 

	DMRS configuration
	w/o frequency hopping: 3 DMRS symbols

	Mapping type
	Mapping type A

	Repetition number
	Repetition type A, 16/32/48/64 repetitions

	Channel model
	NTN-TDL-A(NLOS), NTN-TDL-C(LOS)

	HARQ
	NO 

	UE speed
	3km/h

	TBS
	56 bits

	Modulation order
	QPSK

	BLER
	2% iBLER

	Elevation angle
	12.5(GEO Set-1), 20(GEO Set-2), 30(LEO/MEO)


Appendix F. Evaluation assumptions for PRACH
Table F1. Link-level simulation assumptions for PRACH transmission
	Parameter
	Value

	Format
	Format 0, Format 2, Format B4

	Carrier frequency
	2 GHz

	SCS
	1250Hz/1250 Hz /15000 Hz

	Antenna configuration
	1T2R

	Occupied RBs
	Format 0, Format 2: 6RBs (15kHz)
Format B4: 12RBs (15kHz)

	Performance metric
	1% missed detection at 0.1% false alarm probability
10% missed detection

	Channel model
	NTN-TDL-A(NLOS), NTN-TDL-C(LOS)

	Preamble
	format 0  with Ncs = 13, Logical sequence index = 22
format 2  with Ncs = 13, Logical sequence index = 22
format B4 with Ncs = 13, Logical sequence index = 1


Appendix G. Evaluation assumptions for PUCCH
Table G1. Link-level simulation assumptions for PUCCH transmission
	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI or 1-bit for HARQ-ACK for Msg4.
Format 3, 11 bits UCI

	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%.
[bookmark: _GoBack]For PUCCH format 3: 
BLER for Ack/Nack, SR: 1%
BLER for CSI: 1%, optional for 10%.

	Antenna configuration
	1T2R

	DMRS configuration 
	Additional DMRS for PUCCH format 3

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Other parameters
	Reported by companies


Appendix H. Evaluation assumptions for RAN overhead reduction evaluation
Table H1. Link-level simulation assumptions for RAN overhead reduction evaluation
	Parameters
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	20 MHz, 106RBs

	Waveform
	DFT-s-OFDM 

	SCS
	15kHz

	Allocated RBs
	UL: 360kHz (2PRBs)

	Symbol allocation
	14 symbols 

	DMRS configuration
	Type 1, [3 11]

	Modulation order
	MCS 9 in Table 6.1.4.1-1 of 38.213 (max-64QAM)

	Repetition number
	20 (VoIP), 32 (low date rate) 

	Channel model
	NTN-TDL-D (LOS), 300ns

	Frequency hopping
	Enabled

	UE speed
	3km/h

	Delay spread
	300ns

	Elevation angle
	12.5(GEO Set-1), 20(GEO Set-2), 30(LEO)

	Antenna configuration
	1T2R
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