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In the RAN1 #98bis meeting [1], there were some agreements reached on PRACH design and evaluation as follows: 
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

Agreement:
Capture the following in the TR:
Additional complexity is needed at the UE receiver to achieve robust performance on synchronization based on Rel-15 SSB for the case of LEO without pre-compensation of Doppler shift by the network

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

Agreement:
If compensation of the frequency offset is conducted by the network in the uplink and/or the downlink respectively, indication of compensated frequency offset values by the network is beneficial.

In this contribution, we further analyzed PRACH and UL timing advance issues in NTN system based on the above agreements, and discussion summary in [2]. Potential problems and solutions are presented as well.

Discussion 
Initial TA acquisition and reference point 
In past meetings, TA compensation based on full TA and partial TA had been discussed and considered as feasible solutions. Meanwhile, initial TA acquisition based on UE autonomous estimation and network indication had been discussed and adopted. Among these schemes, one basic issue is how to define the reference point.
In the figure 1, the left figure illustrates the TA calculation in the regenerative payload case, and right figure illustrates the TA calculation in the bent-pipe payload case. As shown in the figure, the reference point is located in the center of one beam. Actually the reference point will balance the common reference TA and UE specific differential TA. If one beam is associated with a reference point, gNB will maintain the common reference TA variation for different beam. If one satellite is associated with a reference point, the gNB implementation will be simpler. Some companies proposed multiple reference points within one beam to reduce TAC size, but the benefit is unclear. If UE is not capable of GNSS positioning, the reference point should be same at least in one beam, because neither gNB nor UE can determine which reference point is suitable for one UE without UE location. As a result, reducing TAC size is not easy to implement.     
In case of reference point selection, one alternative is setting it in the ground, and another is setting it in satellite, however, in order to reduce the size of UE specific differential TAC, setting it in the ground is better. In addition, if setting the reference point in the mountain, the TA value might be always positive, no need to consider negative value. But in general, reference point should be configurable, which can provide flexibility. gNB can determine which reference point is suitable based on deployed scenario.
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Figure 1: Common reference TA and UE specific differential TA calculation 

Proposal 1:  Network can determine the reference point in TA compensation and indicate it in system information.  

PRACH format design 
In the PRACH transmission, if with location in UE side, UE can conduct timing and frequency pre-compensation. Remaining issues may include link budget limitation, ephemeris and UE positioning error etc. When link budget is quite low, additional Preamble repetition should be used to improve SINR. It should case by case check the PRACH configuration based on Rel-15 format. 
If ephemeris information is not 100% correct, timing and frequency pre-compensation may not be fully effective, and residual timing and frequency error should be resisted by PRACH. For example, extending CP duration can resist timing offset due to imperfect timing compensation, and increasing the SCS to overcome residual the frequency shift due to imperfect frequency pre-compensation, either by UE moving or satellite moving.
Hence, additional change in PRACH format is necessary to address these exceptions.  
Proposal 2:  Possible enhancements to Rel-15 PRACH formats can be considered:
· Extend CP duration to resist timing offset due to imperfect timing pre-compensation.
· Increase SCS to resist residual frequency offset due to imperfect frequency pre-compensation. 
· Increase repetition times to improve PRACH robustness to very low SINR.

Regarding without pre-compensation of timing and frequency offset, enhanced PRACH format can be considered, for example, using repeated preamble transmission based on ZC sequence. However, when timing offset is large, the cyclic shift based multi-user multiplexing is not applicable. Because timing delay may cause any cyclic shift within PRACH detection, thus we need consider some enhancements to improve RACH capability.
One possible enhanced solution is to use one ZC sequence multiplied by one PN sequence, for example, gold sequence. The final preamble sequence is expressed by ZC(n) *C(n), 0=<n<the length preamble, where ZC(n) is the ZC sequence, used in Rel-15, and C(N) is m-sequence or Gold sequence.
As an example, the PN sequence with the generation by 5.2.1 of 38.211 can be considered. The length can be equal to 139 or 839, which is the current length of ZC. Figure 2 and figure 3 show the sequence property of different Ncs. Figure 4 shows the performance of the missed detection rate of PRACH.
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Figure 2: Correlation output of zc-m sequence.          Figure 3: Correlation output of zc-m sequence.
            Nzc=839,Ncs=0              					  Nzc=839,Ncs=15
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Figure 4: Missed detection rate of zc-m based preamble sequence
Table 1: simulation assumption for PRACH detection
	Length of preamble sequence, NZC
	839

	Delay
	8us

	Doppler frequency offset
	15 kHz

	SCS
	30 kHz

	Number of preamble repetitions
	3

	Channel Model
	AWGN

	CP duration 
	zero

	




Proposal 3:  Consider ZC sequence and m-sequence/Gold sequence combination as preamble sequence to extend PRACH capacity in case of without pre-compensation of timing and frequency offset.


TA maintenance     
If UE is not capable to do GNSS based positioning, the TA command from RAR should address the whole cell range. In the NR Rel-15, the TAC indicates the maximum index value of TA=3846, if the SCS is equal to 15khz, up to 2ms timing advance can be indicated, and it supports 300km cell radius. But in Ka band, if 120khz SCS is used, the supporting cell radius is 37.5 km. In this sense, the TAC range should be extended since NTN system is possibly deployed in Ka band. 
Based on NR R15 specification, the TAC bits number after initial access is only 6, so the supported TA range is quite limited. If the TAC indication period is 200ms and satellite moving speed is 7.8km/s, the extreme TA variation during the 200ms in bent-pipe payload case is about 20us. Even if SCS 15khz is used, the TAC indication range is not sufficient.  
When UE position information and ephemeris information is acquired in UE side, the open-loop TA compensation can be used. In this case, UE can calculate the real TA based on the distance between UE and satellite. When UL transmission is performed, the autonomous TA compensation can be implemented. 
When UE is not capable of GNSS positioning, close-loop TA compensation is critical. gNB can estimate UL timing variation and indicate one TA adjustment to UE. Based on UE command, UL transmission performance can be guaranteed. Actually even if one UE is capable of GNSS positioning, close-loop compensation is still needed. This could compensate the residual error after open-loop TA compensation.
Hence, depending on UE capability, open-loop TA compensation and close-loop TA compensation should be applied in different use cases.
Proposal 4: Support both open-loop and close-loop TA compensation in NTN scenarios. 

SRS enhancement for UL timing and frequency tracking     
In UL, normally PRACH signal is used to estimate the timing and frequency offset in the initial access, and SRS is used to estimate the timing and frequency offset after RRC connection. In NTN case, it is foreseen timing error and frequency error are always present in any time, just different range in different occasion. Therefore, after RACH access, SRS functionality to estimate the timing and frequency offset should be investigated.
In Rel-15, SRS symbols are consecutive in a slot, which may cause some inconveniences in estimating the frequency error. In fixed SRS gap the phase variation is proportional to frequency offset. Obviously, configurable gap between 2 adjacent SRS symbols is beneficial to estimate the Doppler shift, rather than using consecutive SRS symbol assignment. 
[image: ]
                  Figure 5: SRS gap configuration for one SRS resource 
 
In order to estimate the UL timing variation, continuous timing estimation based on SRS signal should be conducted in NTN case. If reducing the SRS transmission opportunities, it should enable gNB to estimate the timing error in one shot. In this case, longer CP should be considered. Since CP duration is relevant to numerology, it is straightforward to configure a lower SCS to cover larger timing offset. 
We notice UL synchronization could be a bottleneck to restrict NTN performance. Above considerations for SRS enhancements are just some preliminary analysis, so further investigation is needed in later stage.
Proposal 5: Consider SRS enhancement to improve timing and frequency offset estimation by configuring variable SCS of SRS and non-consecutive SRS transmission.  

Conclusions
In this contribution we analyzed PRACH and UL timing advance issues in NTN system. The following observations and proposals are provided.  
Proposal 1:  Network can determine the reference point in TA compensation and indicate it in system information.  

Proposal 2:  Possible enhancements to Rel-15 PRACH formats can be considered:
· Extend CP duration to resist timing offset due to imperfect timing pre-compensation.
· Increase SCS to resist residual frequency offset due to imperfect frequency pre-compensation. 
· Increase repetition times to improve PRACH robustness to very low SINR.

Proposal 3:  Consider ZC sequence and m-sequence/Gold sequence combination as preamble sequence to extend PRACH capacity in case of without pre-compensation of timing and frequency offset.

Proposal 4: Support both open-loop and close-loop TA compensation in NTN scenarios. 
Proposal 5: Consider SRS enhancement to improve timing and frequency offset estimation by configuring variable SCS of SRS and non-consecutive SRS transmission.  
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