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Introduction
A study item on Non Terrestrial Network (NTN) has been started. According to the SID[1], the following is to be studied in RAN1.  
	Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]



In this contribution, TA and RACH issues are discussed. 

Timing Advance
The following was agreed in RAN1#98 on timing advance. 
	Agreement:
Following options can be considered to support TA adjustment for UL transmission:
· Option 1
· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   
· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 
· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.
· FFS: additional TA signalling from BS considering the potential inaccuracy.
· Option 2
· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB
· FFS: additional UE-specific differential TA signalling from BS.
· FFS: the reference point(s)  for common TA calculation
· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance
· Parameters indicated by gNB to enable the TA adjustment
· Cell/UE-group specific signalling


The following was further agreed on option 1 and option 2 in RAN1#98bis. 
	Agreement:
W.r.t the Option 1 of a previous agreement on TA adjustment for UL transmission, the following alternatives can be considered: 
· Alt-1: Compensation of the full-TA is conducted at the UE. 
· Note: Full-TA includes impact due to service link.
· FFS: impact of feeder link
· Alt-2: Compensation of UE specific differential TA only is conducted at the UE.
· FFS: The reference point(s) for UE specific differential TA calculation

Agreement:
W.r.t the Option 2 of TA adjustment from a previous agreement for UL transmission in NTN, 
· Single reference point per beam for common TA calculation is considered as the baseline.
· FFS: Multiple reference points per beam for common TA calculation
· In addition to the signalling of the common TA, Rel-15 signaling for UE-specific differential TA indication from BS can be considered
· Extension of range (explicit or implicit) for TA indication in RAR can be considered.
· FFS: Negative values of TA

Agreement:
Indication of timing drift rate by gNB to the UE is beneficial to enable TA adjustment.
· FFS: whether indication of frequency drift rate is beneficial



We further discuss the detail of option 1 and option 2 below.
Two types of satellite, regenerative satellite and transparent (bent pipe) satellite as shown in Figure 1, should be considered for TA. There would be three methods depending on which delay is compensated by the TA, i.e. compensation of full TA including service link and feeder link delay, compensation of full TA including service link only, and compensation of UE specific differential TA only. For regenerative satellite, the first one and second one are identical.  
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(a) regenerative satellite                        (b) transparent satellite (bent pipe type)
[bookmark: _Ref20995403][bookmark: _Hlk20840368]Figure 1  differential delay within a cell/beam  

For option 1 (GNSS based TA), these options are described further below.
a) Compensation of full TA including service link and feeder link 
The assumption hold by UE is frame timing of gNB DL and UL is aligned in this case. UE can estimate the propagation delay for only satellite-UE link (i.e. service link) from the UE location and the satellite ephemeris. For transparent satellite, propagation delay of satellite-ground GW link (i.e. feeder link) and satellite processing delay need to be considered. Therefore, for full TA compensation, it is necessary to indicate information on the feeder link propagation delay and satellite processing delay. Because the propagation delay of feeder link can be changed rapidly due to the satellite movement for LEO, one solution would be to indicate location of ground GW rather than the propagation delay value. However, ground GW itself can be changed due to the satellite movement. TA behaviour for feeder link switching would need to be discussed. Basically, feeder link delay and satellite processing delay can be only known to the network and should be invisible to UE. Therefore, this method would not be preferable. 
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Figure 2  gNB and UE tx/rx timing for compensation of full TA including service link and feeder link
b) Compensation of full TA including service link only
In general, gNB can receive the signal appropriately if relative reception timing from different UEs is within CP length regardless of absolute reception timing. Timing difference between gNB DL and UL can be managed by gNB. Because ground GW-UE link (i.e. feeder link) delay is common for all UEs within the beam, only satellite-UE link (i.e. service link) is compensated by the TA. Satellite-UE link (i.e. service link) can be calculated based on the UE location and satellite ephemeris. For regenerative satellite, frame timing of gNB DL and UL is aligned while for transparent satellite frame timing of gNB DL and UL is not aligned due to the feeder link delay and satellite processing delay. The difference from method a) is that the timing offset due to feeder link delay and satellite processing delay is compensated by the TA in method a) but managed by gNB in method c). 
When non-GNSS UE is supported, common TA should be broadcasted via SIB. Common TA should not include feeder link delay and satellite processing delay in order to align the reception timing between GNSS UE and non-GNSS UE for a deployment scenario with mixture of GNSS UE and non-GNSS UE. In this case, the timing offset due to feeder link delay and satellite processing delay is managed by the network with the same way for both GNSS UE and non-GNSS UE. 
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Figure 3  gNB and UE tx/rx timing for compensation of full TA including service link only
c) Compensation of UE-specific differential TA only
UE does not have the assumption that frame timing of gNB DL and UL is aligned. The timing offset between gNB DL and UL frame is managed by the network. For the calculation of UE-specific differential TA, common TA is broadcasted via SIB. For regenerative satellite, UE-specific differential TA is calculated by UE’s TA – common TA. Common TA is propagation delay between satellite and a reference point within the beam. For transparent satellite, UE-specific differential TA is calculated in the same way as above, and feeder link delay and satellite processing delay are managed by the network. 
Although common TA is broadcasted via SIB, common TA should not be used by non-GNSS UE in order to align the reception timing between GNSS UE and non-GNSS UE for a deployment scenario with mixture of GNSS UE and non-GNSS UE. 
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Figure 4  gNB and UE tx/rx timing for compensation of UE-specific differential TA only
We think method b) is simple and have good commonality on multiple scenarios compared to the other methods. 
Proposal 1: For option 1, compensation of full TA including service link delay only should be adopted. Feeder link delay and satellite processing delay should be managed by the network. 

For option 2 (UE without GNSS), common TA should compensate only service link delay, similar to option 1. The reference point for common TA calculation could be nearest point within the beam, but network can choose by its implementation depending on the deployment scenario and/or target UE (e.g. aircraft, IoT or both). 
Additional UE-specific differential TA signalling is used as in Rel.15. The range of TA value in RAR should be extended, e.g. by a scaling factor. The scaling factor should be indicated by SIB. Negative value of TA command would not be needed by setting the common TA value appropriately by gNB. 
Proposal 2: For option 2, common TA should compensate service link  delay only although actual common TA value is up to network implementation, and the delay caused by feeder link and satellite processing should be managed by the network. 
Proposal 3: Negative value of TA command would not be needed. 

PRACH design 
The following was agreed on PRACH design in RAN1#98bis. 
	Agreement:
· If pre-compensation of timing and frequency offset is assumed (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available), existing Rel-15 PRACH formats and preamble sequences can be reused in NTN.
· FFS: Whether enhancements based on existing formats and sequences, e.g., repetitions and/or larger sub-carrier spacing may be necessary in certain conditions to ensure coverage.
· If pre-compensation of timing and frequency offset is not performed, introduction of enhanced PRACH formats and/or preamble sequences is beneficial.
· At least for the case without pre-compensation of timing and frequency offset, at least the following options for enhanced PRACH formats and/or preamble sequences can be considered:
· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number
· FFS: CP and Ncs
· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots
· Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding



PRACH design for UE with GNSS capability
For UE with GNSS capability, pre-compensation of timing and frequency offset can be conducted based on the location information. Therefore, Rel.15 PRACH formats can be used for NTN as in above agreement. However, to achieve sufficient coverage, further repetitions is needed as shown in Annex A. Enhancement of sub-carrier spacing is not needed from our point of view. 
Proposal 4: For UE with GNSS capability, PRACH format with more repetitions should be supported. How to support e.g. fixed number or configurable, and exact values should be decided in potential work item phase. 
 
PRACH design for UE without GNSS capability
PRACH design options for UE without GNSS capability (i.e. the case without pre-compensation of timing and frequency offset) are discussed. 
Maximum frequency shift and differential delay to be supported
PRACH evaluation conditions in Table 1 below were agreed in RAN1#98. 
[bookmark: _Ref24052113]Table 1 PRACH evaluation conditions 
	
	Elevation angle
	Differential delay
	UL Frequency offset (Both S- and Ka-band)
(with compensation of common Doppler)
	Beam Set at satellite

	Case 1
	90 degree for LEO
	Small
	Large
	Set-2

	Case 2
	45 degree for LEO
	Medium
	Medium
	Set-2

	Case 3
	10 degree for GEO and 30 degree for LEO
	Large
	Small
	Set-2

	Case 4
	With both open loop timing and frequency compensation
	Small
	Small
	Set-2



Differential delay and UL frequency offset were calculated based on the beam set and the elevation angle for Case 1-3 and shown in below Table 2 (for S-band) and Table 3 (for Ka-band). Note that Case 4 intends open loop timing and frequency compensation using location information for GNSS capable UE. It can be seen that the maximum differential delay can be larger than sequence length of PRACH (0.8ms for 1.25kHz PRACH and 8.34us for 120kHz PRACH). Frequency offset up to 7.3 kHz for S-band and 84kHz for Ka-band need to be supported. 
[bookmark: _Ref24052090]Table 2 max differential delay and max frequency offset for S-band (UE speed 3km/h)
	　
	Elevation angle
	　
	Max differential delay
	Max UL frequency 
Offset (3km/h)

	Case 1
	90 degree for LEO
	LEO600
	13.1us
	7.3kHz

	
	
	LEO1200
	28.4us
	6.5kHz

	Case 2
	45 degree for LEO
	LEO600
	850.3us
	5.8kHz

	
	
	LEO1200
	1654.8us
	5.4kHz

	Case 3
	10 degree for GEO
30 degree for LEO
	LEO600
	1998.4us
	4.8kHz

	
	
	LEO1200
	3755us
	4.7kHz

	
	
	GEO
	13828.7us
	0.2kHz


[bookmark: _Ref24052099]Table 3 max differential delay and max frequency offset for Ka-band (UE speed 0km/h, 1000km/h)
	
	Elevation angle
	
	Max differential delay
	Max UL frequency offset (0km/h)
	Max UL frequency offset (1000km/h)

	Case 1
	90 degree for LEO
	LEO600
	3.3us
	56kHz
	59kHz

	
	
	LEO1200
	7.1us
	50kHz
	53kHz

	Case 2
	45 degree for LEO
	LEO600
	420.6us
	43kHz
	84kHz

	
	
	LEO1200
	816.2us
	41kHz
	82kHz

	Case 3
	10 degree for GEO 
30 degree for LEO
	LEO600
	964.4us
	36kHz
	84kHz

	
	
	LEO1200
	1803.2us
	36kHz
	84kHz

	
	
	GEO
	11746.4us
	3kHz
	59kHz



PRACH design options
Three options agreed in RAN1#98bis are discussed below. 
· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number
In this option, larger SCS than Rel.15 PRACH format is defined, e.g. 240kHz, to combat with large frequency shift. Larger frequency resource and less time resource is used to transmit the PRACH sequence. Because PSD (power spectral density) is reduced for larger SCS, more repetition is used to achieve sufficient coverage. 
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Figure 5 PRACH with Single ZC sequence 
The number of available sequences would be limited due to use of the restricted set of long preamble for S-band and use of short preamble for Ka-band. 
According to our analysis in [6] (copied in Annex A), format 3 (5kHz SCS) with restricted set B can cover the maximum frequency offset for S-band. To achieve uplink link budget target of handheld terminal for LEO Set 2, 20 times repetitions are necessary because of the limitation of the transmission power. For Ka-band, format A3 with SCS 240kHz can support the maximum frequency offset. Because the transmitter (VSAT or phased array) for Ka-band is enough powerful, larger number of repetition is not needed. 
From above analysis, PRACH time-frequency resource is as follows. (CP is omitted in this calculation)
Table 4 PRACH time-frequency resource for option-1
	
	S-band (format 3 with more rep.)
	Ka-band (format A3 with 240kHz SCS)

	Frequency resource 
	4.2 MHz (=5kHz x 839)
	33.36MHz (240kHz x 139)

	Time resource
	4ms (=0.2ms x 20 rep.)
	25.02us (4.17us x 6 rep.)



Frequency offset value can be estimated by e.g. calculating the phase shift of the repeated sequences. 
The same PRACH detection algorithm as in Rel.15 can be used. 

· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots
As proposed in [4], we consider 2 ZC sequences with different roots. 
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Figure 6 PRACH with 2-root ZC sequence (TDM example)
For ZC sequence, the correlation peak is shifted depending on frequency offset and delay. the location of the detected peak also depends on the sequence number. The peak location is expressed as follows. 
       (1)
is modular multiplicative inverse of . Foff and D denote frequency offset and delay, respectively. By using two ZC sequences with different root, it is possible to estimate the delay and frequency offset at the same time from the detected peak locations of the two sequences. Theoretically, frequency offset up to half of the PRACH bandwidth can be supported. 
Detection performance would be sensitive to the selection of the root sequences. When Foff is not integer multiple of SCS, additional multiple peaks appear around the real peak. Therefore, detection accuracy of peak location may not be so accurate. The root sequence should be carefully selected to have a tolerance of one or two sample estimation error. In [4] the following constraint to achieve a good detection performance is mentioned. 
- avoid the sequence whose modular multiplicative inverse is one. 
- select the sequence with smaller modular multiplicative inverse. 
- select the sequence pair where the difference of modular multiplicative inverse is one, i.e.  .
It is recommended in [4] to use root sequences with the modular multiplicative inverse {3,4,5,…,34, L-33, L-32, …L-2} (64 root sequences in total). Apparently, this number of root sequences is smaller than the number of sequences for the other options. More elaboration on the available root sequences would be needed. 
PRACH detection algorithm would be similar to Rel.15. Detection of two root sequences in different time frequency resource may be needed depending on the multiplexing of the two root sequences. 
In this option, sufficient robustness to frequency offset can be achieved by 1.25kHz PRACH format for both S-band and Ka-band. Simulation results of PRACH miss-detection probability for different selection of root sequences is shown in Figure 7 for Ka-band LEO1200km. It can be seen that root pair with small modular inverse value {3, 2} shows a good performance while root pair with large modular inverse value {420, 419} shows poor detection performance. Frequency offset estimation error is shown in Figure 7. SNR=-14.7dB which meet 1% miss-detection probability is assumed. It can be seen that frequency offset estimation error is within 5kHz, which would be sufficiently small compared to PUSCH subcarrier spacing e.g. 120kHz. Further evaluation including the case with wider doppler spectrum spread (i.e. higher UE speed) would be needed. 
[image: ]     [image: ]
           (a) root sequences with modular inverse {3, 2}                     (b) root sequences with modular inverse {420, 419}
[bookmark: _Ref24129760]Figure 7 PRACH detection performance for 2-root ZC sequence 
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[bookmark: _Ref24134349]Figure 7 Frequency offset estimation performance for 2-root ZC sequence 
Assuming similar number of repetition is needed as in single root case, time frequency resource is as follows. 
Table 5 PRACH time-frequency resource for option-2
	
	S-band (format 2 with 2-root)
	Ka-band (format 2 with 2-root)

	Frequency resource 
	1.05 MHz (=1.25kHz x 839)
	1.05 MHz (=1.25kHz x 839)

	Time resource
	6.4ms (=0.8ms x 4 rep. x 2 root)
	6.4ms (=0.8ms x 4 rep. x 2 root)



· Option-3: Gold/m-sequence as preamble sequence with additional process
Gold/m-sequence is newly defined for PRACH format. The existing PRACH format can be reused with just replacing the sequence. Processing for pi/2-BPSK or BPSK modulation and frequency domain cyclic shift is additionally carried out [5]. 
[image: ]
Figure 8 PRACH with Gold/m-sequence 
Contrary to ZC sequence, correlation peak is not impacted by the frequency offset. Therefore, good detection performance would be expected without restricted set. All of the LRA-1 sequences would be available. However, at the receiver side, a large number of DFT operations for multiple hypothesis branches are necessary depending on the assumed frequency offset [5]. Completely new detector for PRACH would be necessary at gNB. 
Table 6 shows time-frequency resource for option-3. Here, it is assumed the same number of repetitions as ZC sequence is needed for gold/m-sequence. For Ka-band, although values for SCS 60kHz is written here, time frequency resource for Ka-band may vary depending on SCS. 
[bookmark: _Ref24053283]Table 6 PRACH time-frequency resource for option-3
	
	S-band (format 2 with gold/m)
	Ka-band 
(format A3 60kHz SCS with gold/m)

	Frequency resource 
	1.05 MHz (=1.25kHz x 839)
	8.34MHz (60kHz x 139)

	Time resource
	3.2ms (=0.8ms x 4)
	100us (16.68us x 6)



For all three options, cyclic shift can not be utilized because the maximum differential delay can be larger than the sequence length. In addition, it is necessary to use a receiver with multiple timing windows (or sliding window). 
Table 7 shows summarize the characteristic of the options. 
[bookmark: _Ref24042926]Table 7 Comparison of three PRACH design options 
	
	Option-1: single root ZC
	Option-2: 2-root ZC
	Option-3: Gold/m

	Rel.15 commonality
	High 
	Middle 
	Low

	Frequency resource
	S-band: Large 
Ka-band: Large
	S-band: Small
Ka-band: Small
	S-band: Small
Ka-band: Middle

	Time resource 
	S-band: Small
Ka-band: Small 
	S-band: Middle
Ka-band: Large
	S-band: Small
Ka-band: Middle

	Number of available sequence 
	S-band: Middle 
Ka-band: Middle 
	S-band: Middle
Ka-band: Middle
	S-band: Large
Ka-band: Middle

	Receiver complexity
	Low 
	Middle 
	High 



Our preference is Option-1 or Option-2 from Rel.15 commonality and receiver complexity point of view. Further evaluation would be needed for the decision. 
Proposal 5: For UE without GNSS capability, consider PRACH design option-1 and option-2 in potential work item phase. 

Because different PRACH design or format is used for UEs with and without GNSS capability, it is preferable to allow gNB to separately configure PRACH related parameters including RACH occasion. 
Proposal 6: it should be allowed to configure separate PRACH related configurations for UEs with and without GNSS capability. 
Conclusion
We discussed Timing Advance and RACH related issues for NTN. We propose the following.
Proposals for timing advance
Proposal 1: For option 1, compensation of full TA including service link delay only should be adopted. Feeder link delay and satellite processing delay should be managed by the network. 
Proposal 2: For option 2, common TA should compensate service link delay only although actual common TA value is up to network implementation, and the delay caused by feeder link and satellite processing should be managed by the network. 
Proposal 3: Negative value of TA command would not be needed. 
Proposals for PRACH design
Proposal 4: For UE with GNSS capability, PRACH format with more repetitions should be supported. How to support e.g. fixed number or configurable, and exact values should be decided in potential work item phase. 
Proposal 5: For UE without GNSS capability, consider PRACH design option-1 and option-2 in potential work item phase. 
Proposal 6: it should be allowed to configure separate PRACH related configurations for UEs with and without GNSS capability. 
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Annex A: Evaluation and consideration on PRACH design (copied from [6])
Frequency offset
For S-band GEO, the max frequency offset is 0.2kHz. PRACH format with 1.25kHz (i.e. format 0-2) can support this range of frequency offset even with unrestricted set. Simulation result for miss detection rate and false alarm rate for format 2 are shown in Figure 9. 
For S-band LEO (600/1200km), the max frequency offset is 4.7-7.3kHz. Format 3 (i.e. SCS 5kHz) with restricted set B can support this range of frequency offset because restricted set B can support frequency offset up to 2x SCS [9]. Simulation result for miss detection rate and false alarm rate for format 3 with restricted set B are shown in Figure 10.
For Ka-band GEO, the max frequency offset is 3kHz for fixed terminal (0km/h) and 59kHz for high velocity terminal (1000km/h). For high velocity case (i.e. 59kHz), SCS 120kHz is not sufficient [10], and SCS 240kHz would be needed. As shown in Figure 11, Format A3 with 240kHz SCS can achieve MRD<1% and FAR<1% at around SINR=-10dB in case of frequency offset 60kHz with multi-path fading channel (NTN-TDL-D).
[bookmark: _Hlk20855700]For Ka-band LEO (600/1200km), the max frequency offset is 56kHz for fixed terminal (0km/h) and 84kHz for high velocity terminal (1000km/h). Fixed terminal case (i.e. 56kHz) can be supported by Format A3 with 240kHz SCS as shown in Figure 11. On the other hand, even Format A3 with SCS=240kHz can not achieve MDR<1% and FAR<1% in case of frequency offset 84kHz. Because the target of 1000km/h is aircraft with directional antenna (e.g. VSAT), multi-path fading would not be observed. Therefore, we evaluated with AWGN channel (only Doppler frequency shift for 1000km/h considered) instead of fading channel, as shown in Figure 12. In this case, frequency offset up to 84kHz can be supported. 
Observation A1: Frequency offset for S-band can be supported by existing PRACH format, format 0-2 for GEO and format 3 with restricted set B for LEO. To support frequency offset for Ka-band due to satellite movement and/or high velocity terminal, PRACH format with 240kHz SCS would be needed. 
Observation A2: For LEO, 1000km/h can not be supported even with SCS=240kHz in multi-path fading channel. Because 1000km/h assumption is targeting aircraft, evaluation with AWGN channel (only Doppler frequency shift for 1000km/h considered) would be sufficient. 

Required SINR 
The number of repetitions should be selected such that the required SINR for PRACH detection can satisfy target SINR. The target SINRs are calculated based on achievable SINR in link budget analysis for the respective PRACH bandwidth for handheld terminal in S-band and VSAT terminal in Ka-band. PRACH bandwidth of SCS 1.25kHz, 5kHz, 120kHz and 240kHz are 1.05MHz, 4.2MHz, 16.68MHz and 33.36MHz, respectively.  Although PRACH evaluation assumption uses Set 2, results for Set 1 is also shown as a reference. 
Table 8 Target SINR calculated based on link budget analysis
	[bookmark: _Hlk21089115]
	
	Set 1
	Set2

	GEO 
	Ka-band (VSAT)
	5.6dB (SCS120kHz)
5.0dB (SCS240kHz)
	2.8dB (SCS120kHz)
1.1dB (SCS240kHz)

	GEO 
	S-band (handheld)
	-15.9dB (SCS1.25kHz)
-21.7dB (SCS5kHz)
	-20.7dB (SCS1.25kHz)
-26.7dB (SCS5kHz)

	LEO 600km
	Ka-band (VSAT)
	5.2dB (SCS120kHz)
5.1dB (SCS240kHz)
	4.9dB (SCS120kHz)
4.8dB (SCS240kHz)

	LEO 600km
	S-band (handheld)
	-3.4dB (SCS1.25kHz)
-8.2dB (SCS5kHz)
	-8.3dB (SCS1.25kHz)
-14.0dB (SCS5kHz)

	LEO 1200km
	Ka-band (VSAT)
	5.4dB (SCS120kHz)
5.4dB (SCS240kHz)
	5.2dB (SCS120kHz)
5.0dB (SCS240kHz)

	LEO 1200km
	S-band (handheld)
	-7.8dB (SCS1.25kHz)
-13.4dB (SCS5kHz)
	-13.3dB (SCS1.25kHz)
-19.3dB (SCS5kHz)



For GEO S-band, required SINR for PRACH reception is -14.6dB according to Figure 9. In order to achieve the target SINR -20.7dB, around 6dB need to be improved. At least 4 times more repetitions for format 2 with 4 repetitions would be needed, i.e. more than 16 repetitions in total. On the other hand, handheld terminal for GEO may be down-prioritized due to the low link budget. 
For LEO S-band, required SINR for PRACH reception is -12.8dB according to Figure 10. In order to achieve the target SINR -19.3dB, 6.5dB need to be improved. 4-5 times more repetition for format 3 would be needed, e.g. 20 repetitions. 
For Ka-band, the target SINR is around 1dB for GEO and 5dB for LEO 600km/1200km. Because required SINR for Format A3 is around -10dB according to Figure 11 and Figure 12, 6 repetitions as defined in Rel.15 would be sufficient. 
Observation A3: More repetitions to Rel.15 PRACH would be needed for S-band (long preamble).  
- For S-band GEO (handheld terminal), Format 2 (SCS1.25kHz) with more than 16 repetitions would be needed. 
- For S-band LEO600km/1200km (handheld terminal), Format 3 (SCS 5kHz) with more repetitions, e.g. 20 repetitions, would be needed. 
- For Ka-band GEO and LEO600km/1200km (VSAT), the number of repetitions defined in Rel.15 would be sufficient. 
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[bookmark: _Ref21002619]Figure 9 PRACH performance for format 2 (for S-band GEO)
[bookmark: _Ref21002712][image: ][image: ]Figure 10 PRACH performance for format 3 (for S-band LEO)
[bookmark: _Ref21096453][image: ][image: ]
[bookmark: _Ref21113153]Figure 11 PRACH performance for format A3 with fading channel (Ka-band)
[image: ]        [image: ]
[bookmark: _Ref21110984]Figure 12 PRACH performance for format A3 with AWGN (Ka-band)

Note that evaluation condition agreed in RAN1#98 includes evaluation with 2 UEs with 3dB power difference. Simulation results with 2 UEs are shown in Figure 13 for S-band (PRACH format 3) and in Figure 14 for Ka-band (PRACH format A3). MDR and FAR for lower power UE is shown. With the comparison of Figure 10 and Figure 13 for S-band and Figure 11 and Figure 14 for Ka-band, it can be observed that there are no or only slight degradation is seen in 2 UEs case. 
[image: ][image: ]
[bookmark: _Ref21113848]Figure 13 PRACH performance for 2 UEs with 3dB power difference – S-band, Format 3
[image: ][image: ]
[bookmark: _Ref21113859]Figure 14 PRACH performance for 2 UEs with 3dB power difference – Ka-band, Format A3
Annex B simulation assumption for PRACH performance
Table 9 simulation assumptions for PRACH evaluation
	Parameter
	Value 

	Frequency band
	S-band 
	Ka-band

	Carrier Frequency
	2GHz
	30GHz

	Subcarrier spacing (PRACH)
	1.25kHz, 5kHz
	120kHz, 240kHz

	Number of Tx antenna
	1
	1

	Number of Rx antenna
	1
	1

	Channel model
	NTN-TDL-D, UE speed=3km/h
	NTN-TDL-D, UE speed=0km/h, 1000km

	Doppler shift 
	0Hz - 8kHz
	0Hz - 84kHz

	Length of PRACH preamble sequence
	839
	139

	PRACH preamble format
	Format 2, 3
	Format A3
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