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In the RAN1 #98 meeting [1], there were some agreements reached on PRACH design and evaluation as follows: 
Agreement:
For DL initial synchronization in NTN, 
· SSB design in Rel-15 can provide robust performance in the following cases
· GEO
· With pre-compensation for LEO 
· Note: The above observation can be revised if proved by other results
· FFS: Whether SSB design in Rel-15 can provide robust performance for LEO without Doppler pre-compensation
· Factors that need to be considered include at least latency and complexity for SSB detection
Agreement:
Companies are encouraged to evaluate whether Rel-15 mechanisms are sufficient for time/frequency tracking
Agreement:
Companies are encouraged to provide the evaluations based on agreed assumptions for the following cases to justify their proposed PRACH design: 
	
	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

	Note 1: For channel model, NTN TDL-D is considered. Delay scaling factors equals to the mean delay spread and mean K factor for suburban LOS at corresponding elevation angle for each case. Omni-directional antenna with single antenna element is considered for UL transmission.
Note 2: Companies are encouraged to report the receiver for PRACH detection.
Note 3: As the baseline, the number of UEs that simultaneously access the network in a single random access occasion (RO) is 2.
The two UEs may have different timing offsets/Doppler, which are randomly picked within the [0 Max_differential_delay]/[-max_UL_frequency_offset  max_UL_frequency_offset] per case;
Note 4: Fixed power offset between UEs is 3dB.
Note 5: Metrics including CDF of estimation error for frequency/timing, FAR (Based on the preamble pool size is not less than 64), MDR, are considered.
Note 6: The SINR of the stronger UE for simulation is based on the SNR from link budget (with bandwidth for UL = 1MHz for VSAT in Ka, and Handheld for S) with additional offset (e.g., [-6 - log10(Bandwidth [MHz])] dB) per case.



Agreement:
For UL frequency compensation at least in LEO systems, parameter(s) for frequency correction can be indicated by gNB to UE
· FFS: Signaling details including whether signalling is broadcast or UE specific, and which parameter(s) are signalled.

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

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 
Frequency compensation implementation   
For one UE with GNSS positioning capability, UE can estimate the Doppler shift of DL and UL based on UE location and ephemeris information. In this case, the Doppler post-compensation or pre-compensation is not necessary, which depends on gNB implementation. So if gNB is going to do pre-compensation or post-compensation, it should indicate UE if the pre-compensation or post-compensation has been done. Otherwise, UE may perform error Doppler compensation. Meanwhile, it should require all UEs to take same operation to keep UL synchronization.
For one UE without GNSS positioning capability, due to large Doppler shift, UE may not be able to estimate and compensate full doppler shift, so in this case, DL Doppler pre-compensation in gNB side is necessary to facilitate DL signal processing. Consequently, only residual Doppler estimation and compensation are implemented in UE side. For UL post-compensation in gNB side, actually it is not one mandated feature, because UE just estimates DL frequency offset and derives UL offset value. UL common frequency compensation is up to gNB implementation.
Hence, network should inform the UE on how to implement the Doppler shift compensation to help UE to do suitable Doppler shift compensation.     
Proposal 1: Indicate if common frequency pre-compensation or post-compensation has been done in the network via the SIB signaling. 
Regarding close-loop frequency estimation, the benefit is still questionable. Firstly, the gNB can’t guarantee to make correct frequency estimation in some cases, which may causer error propagation. Secondly when UE is being in high moving state, the close-loop indication of Doppler shift is not timing.
For the UE without GNSS capability, the UL frequency error will include at least twice of Doppler residual errors, which has significant impact for PUSCH demodulation. However, before PRACH transmission, UE should be able to detect PDSCH transmission. Actually UE should be able to decrease the DL frequency offset relying on reference signal tracking. After SSB detection, UE should further estimate DL frequency error based on tracking RS.
In NR Rel-15, cell specific tracking RS has been discussed. But due to overhead issue, it has not been agreed. However, in NTN, single antenna port configuration is a typical assumption, which leads to smaller overhead. If configuring dense RS, UL frequency error will be decreased significantly. Rather than optimizing UL frequency compensation mechanism, improving DL frequency error estimation might be a good direction. Through dense TRS signal, DL Doppler shift can be estimated with high accuracy. As a result, UL frequency error would be within a reasonable range.
Proposal 2: Introduce cell specific tracking RS to improve frequency error estimation instead optimizing UL frequency compensation indication.

Initial TA acquisition 
In last meeting, two options for TA acquisition have been agreed for NTN TA compensation, where one is autonomous acquisition, and another is indicated by the gNB. In the following paragraphs, we discuss the details for two options.
· Autonomous TA acquisition
When UE owns GNSS-capabilities, autonomous TA acquisition is feasible. It can be elaborated with the following procedures:
Step 1: UE gets the ephemeris information and position information, and perform DL synchronization 
Step 2: After DL synchronization, UE calculates the distance between the UE and the satellite. Based on broadcast signaling, UE gets a common reference distance for service link.   
Step 3: UE calculates its UE specific differential TA based on the reference distance, shown in the figure 1.
Step 4: UE sends the PRACH signal with UE specific differential TA to gNB.
Step 5: gNB detects the PRACH signal and response to UE with RAR message.
Step 6: UE gets TA refinement information based on RAR message
[image: ]
Figure 1: Common reference TA and UE specific differential TA calculation 

In case with GNSS-capabilities, UE will get accurate position information based on emphasis information. In this context, the CP of PRACH is not necessary to have long duration, only covering channel multipath delay and the delay due to satellite moving during the PRACH transmission to network.
Moreover, since the common reference TA is known by the UE and gNB, UE doesn’t need to compensate the common reference TA. In the figure 4, UE specific differential TA is applied in the PRACH transmission. From UE perspective, only relative TA compensation is considered. Since gNB is aware of satellite location and common TA, the timing maintenance is not difficult, and moreover, it simplifies UE behaviors.
[image: ]
Figure 2:  Relative TA compensation in Random access with GNSS-capabilities 

Based on above procedure, we can derive the following observations:
Observation 1:  A common reference TA can be indicated by the network to divide the total TA into two parts, where one is common TA and another is UE specific differential TA.
Observation 2:  If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame is maintained by the gNB, which simplifies UE TA compensation. 
Observation 3:  RAR message can further help UE to do finer TA compensation.

Therefore, we propose: 
Proposal 3: In Autonomous TA acquisition, common reference TA can be indicated by network to facilitate the UE specific differential TA calculation and compensation. 
Proposal 4: In Autonomous TA acquisition, RAR message should carry TA indication to assist UE to do finer TA compensation.

· Option 2: Network indicated TA acquisition
In case one UE is not able to do GNSS positioning, the initial TA should be indicated by the network. It can be elaborated with the following procedures:
Step 1: UE gets the ephemeris information and perform DL synchronization. 
Step 2: UE gets the common TA and sends one PRACH to gNB. Due to lack of position information, the PRACH format design will have to cover the whole cell size.
Step 3: gNB detects the PRACH signal and sends to RA response. In the RA response, one UE specific TA is carried.
Step 4: UE gets the UE specific TA from the RA response message.
Figure 1 illustrates the TA structure and calculation method.

Furthermore, for TA compensation, still there are two different processing ways in random access without GNSS-capabilities, in which one way is transmitting PRACH with common TA, and another is transmitting PRACH without initial TA compensation, shown in the figure 4. Nevertheless, common TA is known for the UE and gNB, UE can decide to compensate this common TA or not.	
In terrestrial network, TA compensation refers to full compensation. So the DL subframe index is aligned with UL index. However, in the non-terrestrial network, the full TA compensation is a bit difficult, because the propagation delay is very large, especially in GEO case. We need to think about UE differential TA compensation. With this method, UE is only required to make timing advance according to differential TA. gNB can take care common TA compensation, for example, gNB can receive the UL signal after a common timing delay.
Observation 4: In UL TA compensation of the UE without GNSS-capabilities, besides full TA compensation, UE differential TA compensation is also feasible because the common TA can be compensated by the gNB. 
[image: ]
        Figure 3: TA compensation for UE without GNSS-capabilities in the regenerative payload case

[image: ]
[bookmark: _GoBack] Figure 4:  PRACH transmission for the UE without GNSS-capabilities

Proposal 5: For the UE without GNSS capability, UE can transmit the PRACH without timing advance, and network compensates the common TA.

PRACH format design 
Based on last meeting’s agreement, the NTN PRACH design should cover the following scenarios: 
  Table-1 PRACH simulation scenario
	
	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


 
In order to evaluate if R15 PRACH format can survive in the above scenario, we list the R15 PRACH format configurations shown in as follows:


 Table-2: PRACH preamble formats for  and 
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	
	 
	Type A, Type B

	1
	839
	1.25 kHz
	 
	 
	Type A, Type B

	2
	839
	1.25 kHz
	 
	 
	Type A, Type B

	3
	839
	5 kHz
	 
	 
	Type A, Type B






Table-3 Preamble formats for  and  where .
	Format
	

	

	

	

	Support for restricted sets

	[bookmark: _Hlk494194986]A1
	139
	

	

	

	-

	A2
	139
	

	

	

	-

	A3
	139
	

	

	

	-

	B1
	139
	

	

	

	-

	B2
	139
	

	

	

	-

	B3
	139
	

	

	

	-

	B4
	139
	

	

	

	-

	C0
	139
	

	

	

	-

	C2
	139
	

	

	

	




For the case 4 in table 1, actually the delay and frequency offset are small because UE can calculate the timing offset and delay difference based on ephemeris information and UE location, based on our evaluation in [3], R15 PRACH format is robust to survive, so we don’t see the motivation to design new PRACH format. Some results are pasted below.
We pick up the R15 Format A3 for performance evaluation. When frequency offset is configured with 1/10 SCS, 1/6 SCS, 1/3SCS, 1/2SCS, and the delay is smaller than 1/2 CP, the related results are shown in the figure 4-a. For different sequence length, we compared the performance of sequence length 139 and sequence length 839, shown in the figure 4-b.
[image: ] [image: ]
    Figure 5-a length 139 sequence in different FO    Figure 5-b length 139 vs length 839 performance  

Observation 5: NR R15 PRACH format is robust to survive in the case with open-loop timing and frequency compensation.

For other cases, the legacy R15 PRACH formats suffer the challenges. Due to no GNSS positioning, the large Doppler shift and delay would degrade the PRACH performance.
For the PRACH enhancements, a few candidates in [2] are listed as follows:
· Option 1: Extending the SCS or extending the CP duration
Because of the mutual locking for time property and frequency property of preamble signal, one Preamble symbol based format can’t resist larger delay and larger Doppler shift both. Hence, this method is only applicable in certain scenarios.

· Option 2: Preamble repetition 
                 [image: ]
Figure 6:  A PRACH format with repetition   
For the Repetition structure, it can improve the performance in low SINR, but when the delay is larger than one OFDM symbol, the cyclic shift can’t be used to differentiate the different users.

· Option 3: PRACH detector optimization 
For PRACH detector optimization, it is possible to resolve the ambiguity issue for the delay and frequency offset. But it should be working together with option 2. The PRACH detection window could be larger than the PRACH length, which is suitable for the lager delay case. PRACH length can be equal to the length of several preamble symbols, without explicit CP. 
     [image: ]
Figure 7:  PRACH detection enhancement

· Option 4: Dual Preamble structure  
For dual Preamble structure shown in the figure 8, in principle it can resist the larger delay and high frequency offset, however, it has the following drawbacks:
· It only resolve the frequency offset with integer subcarrier spacing 
· It is possibly to cause the ambiguity when the cyclic shift moving due to frequency offset exceeds one symbol boundary.
· Dual-preamble detection may cause error probability propagation.
· It has to design long CP to overcome the larger delay and avoid the interference between two preambles 

[image: ]
                       Figure 8:  Dual preamble structure 

Performance evaluation:  

Table-4 Link-level simulation assumptions for dual Preamble structure evaluation
	Sequence 
	ZC, length 839, type B

	Channel Model
	AWGN

	Scheme 1: Preamble repetition 
	Two preamble repetition
SCS=5Khz
Detection window=4 OFDM symbol

	Scheme 2: Dual-preamble 
	Two root sequences 
SCS=1.25Khz                 

	Doppler shift
	Random distribution in [0, 10khz]

	Delay 
	Random distribution in [0, 400us]

	User number 
	1



[image: ]         [image: ]           
   Figure 9-a Preamble repetition performance              Figure 9-b Dual Preamble performance 

From the figure 9-a and figure 9-b, we can see the performance is similar with for two schemes in large delay and large Doppler shift in single user case, though the dual preamble structure exhibits worse performance due to non-integer Doppler shift and detection error propagation. For multi-user case, the sequence selection is to be discussed. In the preamble repetition scheme, the sequence is same for different preamble symbols, while two preamble sequences should be different in dual preamble structure.
Additionally, for dual preamble scheme, peak location is related to cyclic shifting cycling of sequences. The ambiguity due to Mod operation will make it difficult to differentiate the impact from delay or frequency error. Hence, the sequence property and selection will determine the real performance for dual-preamble format. It is hard to get a complete evaluation for this new PRACH format within study item duration.

Observation 6: The performance of new PRACH design needs further evaluation in view of the complexity of NTN scenarios and challenges due to without UE location information.

Proposal 6: Suggest to down-prioritize the use case without GNSS capability.

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 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 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. 
If the UE position information is not available in the UE side, the TA change is hard to predict by the UE. In this case, it is no way to do autonomous TA compensation. Then frequent TA indication should be used. In this situation, some new enhancement to reduce the signaling overhead can be considered.
Proposal 7: Support both open-loop and close-loop TA compensation in NTN scenarios. 


Conclusions
In this contribution we analyzed PRACH and UL timing advance issues in NTN system. The following observations and proposals are provided.  
Observation 1:  A common reference TA can be indicated by the network to divide the total TA into two parts, where one is common TA and another is UE specific differential TA.
Observation 2:  If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame is maintained by the gNB, which simplifies UE TA compensation. 
Observation 3:  RAR message can further help UE to do finer TA compensation.
Observation 4: In UL TA compensation of the UE without GNSS-capabilities, besides full TA compensation, UE differential TA compensation is also feasible because the common TA can be compensated by the gNB.    
Observation 5: NR R15 PRACH format is robust to survive in the case with open-loop timing and frequency compensation.
Observation 6: The performance of new PRACH design needs further evaluation in view of the complexity of NTN scenarios and challenges due to without UE location information.

Proposal 1: Indicate if common frequency pre-compensation or post-compensation has been done in the network via the SIB signaling. 
Proposal 2: Introduce cell specific tracking RS to improve frequency error estimation instead optimizing UL frequency compensation indication.
Proposal 3: In Autonomous TA acquisition, common reference TA can be indicated by network to facilitate the UE specific differential TA calculation and compensation. 
Proposal 4: In Autonomous TA acquisition, RAR message should carry TA indication to assist UE to do finer TA compensation.
Proposal 5: For the UE without GNSS capability, UE can transmit the PRACH without timing advance, and network compensates the common TA.
Proposal 6: Suggest to down-prioritize the use case without GNSS capability.
Proposal 7: Support both open-loop and close-loop TA compensation in NTN scenarios. 
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