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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
RAN#80 approved a new SI on solution evaluation for NR to support Non-Terrestrial Network [1]. The objectives of the SI for physical-layer and high-layer are reported as follows: 
[bookmark: _GoBack]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.

In this contribution, we discuss the issues on timing advance and RACH for NTN. 

Discussion
Issues on Timing Advance
Due to the differences of the distance between the gNB and UEs, each UE has its own propagation delay to gNB. In order to guarantee the time synchronization of UL transmission, the uplink signal from each UE must be received by gNB at same time. It means that the uplink slot boundaries of each UE should be aligned at the gNB. The TA value is used to eliminate the difference of propagation delay among the UEs to keep the uplink synchronization of the serving gNB. In NR, the TA value equals to the round trip time between UE and gNB. With the movement of each UE, the propagation delay will change frequently, and the TA value will change correspondingly.  
During the initial access, the initial TA values are estimated by gNB based each preamble sequence sent by each UE in the serving area. And the TA values adjustment with the UE position changed indicated by corresponding TA command.
In cellular network, the distance between UE and the serving gNB is less than 2km, and the TA value is less than 66.7us. However, in the NTN, the distance between UE and airborne vehicle are much larger, the RTT is larger than 12ms. And some airborne vehicles keep fast motion e.g. LEO satellite, the propagation delay between UE and LEO satellite change more frequently. If the NTN take the same TA operation like cellular network, the range of initial TA value cannot be reached and the signalling overhead will be serious high.
Besides, the TA command will also suffer the long propagation delay, hence the TA adjust value will not be accuracy. 

Because of all UEs in NTN have long propagation delay, it is easy to separate the propagation delay into two parts, common delay D1 and UE-specific delay D2. For all UEs in NTN, the D1 value should be informed by broadcasting, and the D2 value is adjusted based on the UE actual situation.

Proposal 1: The propagation delay of UE in NTN should be separate into two parts, common delay D1 and UE-specific delay D2.

With the two parts of propagation delay, the gNB just need to indicates the D2 to the UEs which is much smaller the total propagation delay. The less values means less bitfields used to indicate. The value of UE-specific delay D2 depends on the value of D1 which broadcasted by gNB. The value of D1 may equals to the altitude of satellite, and the value of D2 adjust based on the D1 and the actual transmission delay. Unless the GEO satellite, the other satellites move fast around the earth that result in the elevation angle between UE and satellite changing frequently. The variation of the elevation angle will lead to the distance between UE and the satellite changing as show in the below figure. The altitude of satellites is the smallest distance between UE and satellite, and distance with the largest elevation angle is the largest distance between UE and satellite. The value of D2 should be able to handle the difference value between the largest distance and smallest distance.

Proposal 2: The UE-specific delay D2 should be able to handle the difference value between the largest UE to satellite distance and smallest distance.

Some UEs in NTN are air plane or the other aerial vehicle which are higher than the ground when they at flying status. In this situation, the distance between aerial vehicle and satellite are smaller than the satellite altitude. Hence the value of D2 should include negative amount.
The specific value based on the aerial vehicle height.

Proposal 3: The UE-specific delay D2 should include negative amount.

The speed of satellite move around the earth can be up to 7.8km/s, and the UE speed in NTN can be up to 1000km/h, with so fast movement of satellite and UE, the distance between UE and satellites changes frequently correspondingly. If the TA value changing indicated by gNB, the signaling overhead is tremendous, and the TA command also suffer the long propagation delay, the accuracy of TA command can not be guaranteed. Therefore, in NTN the TA maintenance can not only depends on gNB indication.

Observation 1: In NTN the TA maintenance can not only depends on gNB indication.

[bookmark: OLE_LINK5]The satellite motion is certain in an orbit with a constant speed and direction. Based on the satellite motion information and the UE position, the distance between the UE and satellite and the distance variation can be pre-estimated. Without the TA command sent by gNB, the TA value could be obtained by open-loop procedure. The satellite information can be obtained from the ephemeris which can be stored by UE previously or broadcasted by gNB, and the UE position information could be provided by GNSS. The TA value estimated procedure could be done at either UE or gNB side. Considering the UE position information can easily get by UE itself, it is better to do the pre-estimated procedure at UE side.

Proposal 4: The ephemeris information should be stored at UE side previously or broadcasted by gNB.
Proposal 5: The UE in NTN should do TA value estimated based on UE position information and ephemeris information.

If the UE does not have the ability to get the position information, the pre-estimated procedure will not work. It is obviously that one UE could transmit information by satellite, the UE must have the ability to do positioning which is much easier than transmission. If the UE cannot position itself, the UE may forbidden access the NTN directly, or it can access NTN by VSAT(very small aperture terminal).

Proposal 6: The UE directly accessing in NTN must have the GNSS information.


Issues on RACH
In NR, the RACH procedure is used to provide UL synchronization and scheduling request, and it takes the same function in NTN. There are two kinds of RACH procedure, one is contention-based RACH procedure which including 4 steps, the other one is contention-free RACH procedure which including 2 steps. Here is the details of the RACH procedure of contention-based RACH, and the first two steps are same the contention-free RACH.

Step 1: After receiving the SSB and the parameters of random access transmission, the UE sends the preamble to gNB for accessing the network within allocated time and frequency resource.
Step 2: The gNB send a RAR(random access response) message to UE after receiving the preamble successfully. The RAR message contains UL grants, timing advance command, RA-RNTI and so on. 

After the two steps above, the contention-free RACH procedure has been finished.  
S
Step 3: The UE transmit a PDSCH scheduled by RAR UL grant in which contain the unique identifier of UE.
Step 4: The gNB will select one UE identifier and sent the contention resolution information to the UE to inform the access is success.  

After the 4 step, the UE complete the RACH procedure and get the UL synchronization.

The preamble sent by UE in step 1 have several format which specified in [2]. The preamble format design is based on the scenarios of terrestrial network and it may not suitable for NTN. The path loss of preamble transmission is serious due to the long propagation path e.g. the LEO satellite is 1000km far away from the UE. Without enough power of the receive preamble signal, the performance of preamble detection cannot be guaranteed. One way to enhance the receiving signal is to increase the repetition number of preamble. At the gNB side, multiple preamble sequence can be combined to improve the strength.
Proposal 7: Increasing the repetition number of preamble sequence may improve the performance of the step 1 in RACH procedure.

In step 2, the TA command will be sent by gNB to indicate the TA value. However, in NTN the UE could do the TA value estimated by itself. There is no need to send the TA command again. In order to improve the accuracy of TA value estimated at UE side, the TA command may be replaced by a timing calibration information to eliminate the deviation occurs in TA value estimated.

Proposal 8: The TA command may be replaced by a timing calibration information to improve the accuracy of TA value estimated at UE side.

Conclusions

Observation 1: In NTN the TA maintenance can not only depends on gNB indication.

Proposal 1: The propagation delay of UE in NTN should be separate into two parts, common delay D1 and UE-specific delay D2.
Proposal 2: The UE-specific delay D2 should be able to handle the difference value between the largest UE to satellite distance and smallest distance.
Proposal 3: The UE-specific delay D2 should include negative amount.
Proposal 4: The ephemeris information should be stored at UE side previously or broadcasted by gNB.
Proposal 5: The UE in NTN should do TA value estimated based on UE position information and ephemeris information.
Proposal 6: The UE directly accessing in NTN must have the GNSS information.
Proposal 7: Increasing the repetition number of preamble sequence may improve the performance of the step 1 in RACH procedure.
Proposal 8: The TA command may be replaced by a timing calibration information to improve the accuracy of TA value estimated at UE side.
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