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In the RAN1 #97 meeting [1], there were some agreements reached on PRACH design and evaluation as follows: 
Agreement:
Performance evaluations of the synchronization for DL are encouraged. For these evaluations, 
· For LEO systems, beam specific pre-compensation of the common frequency shift at satellite with respect to the spot beam center can be considered 

Agreement:
For UL frequency compensation at least in LEO systems:
· Both open and closed-loop can be studied 
· Beam specific post-compensation of common frequency offset at gNB can be considered
· FFS: Further indication of common frequency offset
· FFS: Signaling details
· FFS: Compensation of common frequency offset at UE side
· For Open-loop method:
· Estimation of UE-specific frequency offset and pre-compensation at UE side can be conducted based on:
· DL RSs
· TDD：consider double frequency offset
· FDD: frequency transferring 
· UE location and satellite ephemeris

Agreement:
The scenarios where the Rel-15 PRACH design is sufficient and the scenarios where an extended or new PRACH design is required should be identified as part of the study

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

Discussion 
DL Frequency compensation    
In the DL signal transmission, due to big Doppler shift in LEO case, gNB or Gateway can perform doppler shift pre-compensation. In general, the beam center can be assumed as a reference point for Doppler shift calculation. However, from the implementation prospective, gNB can use any position as the reference point, for example multiple beams sharing one reference point. One basic condition is that the residual frequency offset should be smaller enough to facilitate the SCS configuration of SSB and frequency offset correction at UE side. Beside the Doppler shift caused by the satellite, typical DL frequency error includes the oscillator error and the Doppler shift caused by the UE moving. Regarding the Doppler shift of UE moving, the UE location information can help this Doppler shift estimation. 
Observation 1: DL frequency pre-compensation for satellite Doppler shift is transparent to UE.
Regarding the performance of DL synchronization, as shown in the accompanied contribution[4], cell ID detection and time/frequency synchronization exhibit acceptable results through SSB repetition. For SSB repetition with a SSB burst, it has been supported within NR Rel-15 framework.
Observation 2: DL synchronization channel design of NR Rel-15 is robust to fit for NTN scenarios.  

UL Frequency compensation    
For the UL frequency compensation, though gNB may conduct DL frequency pre-compensation, it cannot restrict gNB taking same frequency compensation as DL. Actually if UE owns location and ephemeris information, whole UL Doppler shift caused by satellite moving can be calculated at UE side. In this sense, open-loop frequency compensation shouldn’t assume gNB will always finish the common frequency post-compensation. Not only UE is able to compensate residual frequency error, but also UE can be able to pre-compensate the common frequency offset. Different from DL frequency pre-compensation, UL common frequency post-compensation at the gNB side should not be transparent. For example, if gNB has already added one frequency offset in receiver side, but UE doesn’t know gNB operation, the final frequency offset has not been corrected due to redundant frequency compensation. In order to reduce the misalignment, UL post-compensation should be indicated from the gNB.
Proposal 1: Indicate if UL common frequency post-compensation has been done in the network via the SIB signalling. 
In the UE specific frequency error, there are a few of mixed frequency offset factors, including satellite Doppler shift, UE Doppler shift and oscillator error. In general, we assume UE should be able to get the location information since the GNSS module is not expensive and not complicated neither. If based on the traditional frequency error calculation based on DL SSB and RS, it may be difficult to differentiate the Doppler shift offset and oscillator offset. Then we think UE location and ephemeris information should be utilized as much as possible to calculate the Doppler shift from satellite moving and UE moving.
Proposal 2: Using UE location and satellite ephemeris to conduct UL frequency pre-compensation should be taken as the baseline.
 
In the last meeting, the close-loop frequency compensation has been proposed in [3]. In this solution, network may estimate the UL frequency error and indicate it to UE. But the question is that before UE sends the PRACH to gNB, UE has to do DL synchronization and correct the frequency error. For Doppler shift and oscillator error, they will be reflected in DL signal. UE can fix the frequency error based on DL synchronization signal and reference signal. Meanwhile, the frequency transferring of UL and DL can be used to derive the UL Doppler shift. 
Overall, we think the most of frequency error has been reflected in DL signal, so UE can compensate the UL frequency offset, including the Doppler shift and oscillator, based on DL estimation and carrier offset of DL and UL. In this sense, the benefit of close-loop frequency compensation is unclear.

Observation 3: Close-loop UL frequency compensation is not clear for its benefit and use case.
Propose 3: Further study the benefit of close-loop doppler shift compensation.

Random access procedure 
Regarding the random access in NTN, there are two typical operation procedures: Random access without GNSS-capabilities and Random access with GNSS-capabilities. If without GNSS-capabilities, UE needs to send a long PRACH signal to gNB and gNB will determine UE specific TA. Consequently, gNB will send a TA value to UE via RAR message. If without GNSS-capabilities, UE will get the accurate location information on top of ephemeris information. Accordingly, UE can calculate one TA related to common reference delay. It should be noted that this common reference delay is just for UE TA calculation, not necessarily assumed as one common TA. 
In the following paragraphs, we discuss the Random access with and without GNSS-capabilities with more details. 
· Random access without GNSS-capabilities
Random access without GNSS-capabilities 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.

Observation 4: In the Random access without GNSS-capabilities, the common TA can be obtained from network and UE specific TA can be obtained from RA response message.

In the Random access without GNSS-capabilities, UE is not expected to acquire the accurate position information. Therefore, UE specific TA is only obtained from RAR message. If UE is not able to get the position information, it brings the challenges to PRACH format design, where the CP should cover the whole cell radius. If cell radius (actually it is not fully equivalent to the relative distance from cell center UE to cell edge UE in the earth surface), is equal to 100km, it will require the CP length reaching 0.66ms. Moreover, if NTN system is deployed in Ka band, the SCS of PRACH can’t be set with small value. For example, if SCS is equal to 30 khz, the CP length is about 20 OFDM symbols. In this case, the CP length may cross multiple Preamble symbols, which may degrade the detection performance of PRACH.  
Observation 5: In the Random access without GNSS-capabilities, the PRACH format design need take into account the longer CP and higher SCS both.

Furthermore, for TA compensation, there are two different processing ways in random access without GNSS-capabilities, in which one way is absolute TA compensation, and another is relative compensation, shown in the figure 2. In the absolute TA compensation, UE has to make the timing advance based on the absolute TA value, including common TA and UE specific TA. 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 absolute compensation. So the DL subframe index is aligned with UL index. However, in the non-terrestrial network, the absolute TA compensation is a bit difficult, because the propagation delay is very large, especially in GEO case. We need to think about the relative TA compensation. With this method, UE is only required to make timing advance according to relative TA. gNB can take care of the common TA compensation, for example, gNB can receive the UL signal after a common TA.
Observation 6: In the TA compensation of random access without GNSS-capabilities, besides the absolute TA compensation, relative TA compensation is also feasible because the common TA can be compensated by the gNB. 
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        Figure 1: TA compensation for UE without GNSS-capabilities in the regenerative payload case
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 Figure 2:  Absolute TA compensation VS relative TA compensation for the UE without GNSS-capabilities

· Random access with GNSS-capabilities
Similarly, the random access without GNSS capabilities 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 or proprietary information, UE gets a common reference distance for service link and gets a common reference distance for feeder link in case of bent-pipe payload mode.
Step 3: UE calculates its UE specific TA and common TA based on the reference distance and its position information, shown in the figure 3.
Step 4: UE sends the PRACH signal to gNB.
Step 5: gNB detects the PRACH signal and response to UE with RAR message.

Based on above procedure, we can derive:
Common reference distance in service link=a distance between reference point to satellite, used to calculate UE specific TA.
UE specific TA= 2*(Propagation time from UE position to satellite –Propagation time of common reference distance in the service link).  
Common reference TA= (associated with the common reference distance, which is cell specific)  
· For the regenerative payload, the referred timing advance related to the common reference distance between the reference point to the satellite.
· For bent-pipe payload, the referred timing advance related to the common reference distance between the reference point to the gateway. 
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Figure 3: Common reference TA and UE specific TA calculation 

In the Random access 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 TA is applied in the PRACH transmission. From UE perspective, only relative TA compensation is considered.
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Figure 4:  Relative TA compensation in Random access with GNSS-capabilities 

Observation 7: In the Random access with GNSS-capabilities, a common reference distance in service link is used to UE specific TA calculation.
Observation 8: In the Random access with GNSS-capabilities, a common reference distance in service link and a common reference distance in feeder link can be indicated by the network, or by proprietary implementation to acquire.  
Observation 9: In the Random access with GNSS-capabilities, relative TA compensation is more suitable, where common reference TA can be compensated by the gNB, and relative TA is compensated by the UE.
Observation 10: In the Random access with GNSS-capabilities, the CP of PRACH doesn’t cover the whole cell radius.

[bookmark: _GoBack]Based on above analysis in random access with and without GNSS capabilities, we propose: 
Proposal 4: In Random access without GNSS-capabilities, common TA can be indicated by network to facilitate the PRACH transmission. 
Proposal 5: In Random access with GNSS-capabilities, a common reference point or reference distance in service link should be specified for UE specific TA calculation.
Proposal 6: Relative TA compensation needs to be considered in both with and without GNSS-capabilities.

PRACH format design 
Regarding the PRACH format design in NTN, there are several issues to be discussed as follows:
· CP length 
· Numerology 
· Preamble repetition 
· Sequence length
Though NR Rel-15 has provided a few PRACH formats to adapt to different user cases, it seems NTN system still needs new PRACH format. But in general, we need to firstly clarify the requirements of NTN in cell radius range, residual Doppler shift and possible link budget range. Without these prerequisites, it is hard to say if the PRACH format is needed. Another issue is if UE is assumed with GNSS capability or not.
Based on the agreed simulation assumption, maximum 450 km cell diameter has agreed. If UE can’t get the location information, the TA could be a few of ms, in this case, PRACH format may need additional extension. If the UE can get the UE location, but the ephemeris information is not very accurate, the additional CP is still needed.
Based on the evaluation of PRACH in our accompanied contribution [4], we can get the following observations:
Observation 11: NR Rel-15 PRACH format is robust to survive in different frequency offset of NTN.
Observation 12: PRACH sequence with length-839 is better than the sequence with length-139 in low SNR case.
Observation 13: If considering the location and ephemeris error, longer CP more than one symbol needs to be considered.  
Therefore, we have the following proposals for PRACH design:
Proposal 7: Differentiate the PRACH format design for with UE location information and without UE location information. 
Proposal 8: Consider the sequence with the length 839 to support big subcarrier spacing in NTN PRACH format design.
Proposal 9: Consider preamble repetition to overcome the larger timing offset in NTN case.
 

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 10: 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 proposals are provided.  
Observation 1: DL frequency pre-compensation for satellite Doppler shift is transparent to UE.
Observation 2: DL synchronization channel design of NR Rel-15 is robust to fit for NTN scenarios.  
Observation 3: Close-loop UL frequency compensation is not clear for its benefit and use case.
Observation 4: In the Random access without GNSS-capabilities, the common TA can be obtained from network and UE specific TA can be obtained from RA response message. 
Observation 5: In the Random access without GNSS-capabilities, the PRACH format design need take into account the longer CP and higher SCS both.
Observation 6: In the TA compensation of random access without GNSS-capabilities, besides the absolute TA compensation, relative TA compensation is also feasible because the common TA can be compensated by the gNB. 
Observation 7: In the Random access with GNSS-capabilities, a common reference distance in service link is used to UE specific TA calculation.
Observation 8: In the Random access with GNSS-capabilities, a common reference distance in service link and a common reference distance in feeder link can be indicated by the network, or by proprietary implementation to acquire.  
Observation 9: In the Random access with GNSS-capabilities, relative TA compensation is more suitable, where common reference TA can be compensated by the gNB, and relative TA is compensated by the UE.
Observation 10: In the Random access with GNSS-capabilities, the CP of PRACH doesn’t cover the whole cell radius.
Observation 11: NR Rel-15 PRACH format is robust to survive in different frequency offset of NTN.
Observation 12: PRACH sequence with length-839 is better than the sequence with length-139 in low SNR case.
Observation 13: If considering the location and ephemeris error, longer CP more than one symbol needs to be considered.  

Proposal 1: Indicate if UL common frequency post-compensation has been done in the network via the SIB signaling. 
Proposal 2: Using UE location and satellite ephemeris to conduct UL frequency pre-compensation should be taken as the baseline.
Propose 3: Further study the benefit of close-loop doppler shift compensation.
Proposal 4: In Random access without GNSS-capabilities, common TA can be indicated by network to facilitate the PRACH transmission. 
Proposal 5: In Random access with GNSS-capabilities, a common reference point or reference distance in service link should be specified for UE specific TA calculation.
Proposal 6: Relative TA compensation needs to be considered in both with and without GNSS-capabilities.
Proposal 7: Differentiate the PRACH format design for with UE location information and without UE location information. 
Proposal 8: Consider the sequence with the length 839 to support big subcarrier spacing in NTN PRACH format design.
Proposal 9: Consider preamble repetition to overcome the larger timing offset in NTN case.
Proposal 10: Support open-loop TA compensation in NTN scenarios. 
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