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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 document, timing advance and RACH related issues for NTN are discussed.

Issues on Timing Advance
In NTN scenarios, RTD (round trip delay) and differential delay (variance of RTD) within a cell/beam impact on Timing Advance (TA). Differential delay is difference between RTD at near side of cell/beam and RTD at far side of cell/beam from the satellite (corresponding to d3 in Figure 1). As shown in clause 4.2 of TR 38.821 v0.3.0 [3] of the current SI, the maximum RTD in NTN is 541.14 ms for GEO (at 35786 km altitude) and 25.76/41.75 ms for LEO (at 600/1200 km altitude). Maximum differential delay within a cell/beam is 1.6ms for GEO and 0.65ms for LEO. These values are much larger than that in terrestrial network. 
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[bookmark: _Ref4422255]Figure 1  differential delay within a cell/beam  
In the current NR specification, Timing Advance (TA) is carried out for uplink transmissions based on TA command so that gNB can receive uplink signals from different UEs at an aligned timing at gNB reception point. TA command is transmitted by gNB during RACH procedure and for TA maintenance in RRC_CONNECTED. For PRACH transmission, UE does not use TA and transmits only based on reception timing of SSB/CSI-RS. 
To support a long delay in NTN it is proposed (e.g.[4]) to introduce common TA and individual TA. Common TA is used to compensate the RTT at a reference point within the cell/beam, e.g. at most near point of the cell/beam. Individual TA is used to control timing per UE. In Figure 1, delay corresponding to d1 could be compensated by common TA and differential delay corresponding to d3 could be compensated by individual TA. 
For GNSS (e.g. GPS) equipped UE, the TA value (including common TA and individual TA) can be derived from the UE location information and satellite ephemeris. The UE transmits PRACH and other uplink channels/signals with the TA calculated by the UE location information and satellite ephemeris. In addition, TA command from gNB may be further used. 
On the other hand, for non-GNSS equipped UE, it is necessary to indicate common TA value via MIB/SIB. The UE transmits PRACH using the common TA. After msg.3 reception, TA value is adjusted by the TA command sent from gNB. 
Note that for a scenario with transparent satellite, GNSS equipped UE can compensate only access link propagation delay because ground gateway (i.e. gNB) position is not known to the UE. The actual feeder link propagation delay can be frequently updated in case of LEO but such information should not be informed or should not be visible to UE. Therefore, the feeder link propagation delay should be compensated by the network i.e. gNB and/or satellite. 
Proposal 1: Common TA should be transmitted via MIB/SIB for non-GNSS UE. 
Proposal 2: Feeder link delay should be compensated by the network i.e. gNB/satellite 

Issues on RACH design/procedure 
PRACH format 
As mentioned in section 2, there is a large variance of RTD (i.e. differential delay) within a cell/beam. For GNSS equipped UE, the variance of RTD can be compensated by UE transmission timing adjustment based on UE location and satellite ephemeris up to certain amount. On the other hand, for non-GNSS equipped UE, PRACH reception timing at gNB would vary up to 1.6 ms for GEO and 0.65ms for LEO depending on UE position within a cell/beam (Figure 2). This variance of RTD within a cell needs to be taken into account for the PRACH format design. In addition, a robust transmission method would be necessary to support long range transmission especially in case of GEO, e.g. use of long sequence (length 839) for both FR1 and FR2, more repetition or multiple sequence transmission. Use of longer root sequence than currently specified would also be one possibility, but this would not be preferable because it would require large effort on new sequence design and significant impact on the receiver implementation. 
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[bookmark: _Ref4426709][bookmark: _Ref4426701]Figure 2 PRACH reception timing at gNB
PRACH is defined as ZC sequence (root sequence) and its cyclic shift (CS). PRACH transmitted from different UEs are distinguished by the ZC sequence and CS. Different sets of ZC sequences are assigned to different cells/beams to mitigate intercell interference. Within a cell, CS multiplexing is additionally used to increase the number of PRACH sequences. 
However, for a NTN scenario, availability of CS multiplexing would be limited (i.e. no or only a few CS can be used) because PRACH timing of each UE at gNB reception can vary over CS length which is typically used in terrestrial network due to the large variation of RTD within a cell. With the worst case of GEO and LEO, the RTD variation exceed the preamble sequence length currently defined for Rel.15. Therefore, CS multiplexing can not be used in the worst case. Typically, 64 PRACH sequences, i.e. combination of ZC sequence and CS, would be assigned in a cell although total number of sequences is configurable by RRC. If cyclic shift is not available or very limited, a lot of ZC sequences need to be assigned per cell. In this case, cell reuse factor of ZC sequence number becomes small. Examples of the ZC sequence allocation with and without CS multiplexing are shown in Figure 3. In case of no CS multiplexing, intercell interference would become more severe. If the number of ZC sequence per cell is reduced, reuse factor can be increased, on the other hand, collision probability of the sequence between UEs within a cell would increase. Therefore, it would be beneficial to study interference mitigation and/or  collision reduction method with a limited number of ZC sequences per cell. 
On the other hand, if UE transmits PRACH with TA, CS multiplexing works well and PRACH capacity is improved. PRACH is transmitted by not only initial access UE (i.e. idle UE) but also RRC connected UEs e.g. for UL scheduling request. It would be worth to consider PRACH transmission with TA for UE which has valid TA. In this case, separate PRACH occasions for with TA and without TA could be configured. 
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(a) example of ZC sequence allocation with cyclic shift multiplexing
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(b) example of ZC sequence allocation without cyclic shift multiplexing
[bookmark: _Ref7177839]Figure 3 example of ZC sequence allocation 
Proposal 3: Robust PRACH format should be defined for long distance transmission, e.g. use of long sequence (length 839) for both FR1 and FR2, more repetition or multiple sequence transmission.
Proposal 4: Study intercell interference mitigation and/or collision reduction method with a limited number of ZC sequence per cell. 
Proposal 5: Consider PRACH transmission with TA for UE which has valid TA to allow CS multiplexing between UEs.

RACH procedure
After reception of msg1 (PRACH) gNB transmit PDCCH scrambled with RA-RNTI to indicate PDSCH resource containing msg2. RA-RNTI is linked to time frequency resource of PRACH. Actual calculation is defined in TS38.321 section 5.1.3 as follows. 
TS38.321V15.3.0 section 5.1.3
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Due to the large delay variance between UEs within a cell/beam, gNB may not be possible to distinguish the PRACH transmission timing (i.e. slot number or symbol number). As the result, it may happen that RA-RNTI calculated by UE and RA-RNTI gNB actually transmitted are different. In order to avoid a confusion, gNB should configure RACH transmission timing (i.e. RACH Occasion) such that adjacent PRACH transmission timing is separated larger than the delay variance in a cell/beam (up to 1.6ms). This would be gNB implementation issue. 
Regarding 2-step RACH procedure, although we also think 2 step RACH procedure is quite useful for NTN as mentioned in [5], the necessary modification of 2 step RACH for NTN should be discussed after more stabilization of the current 2-step RACH WI. 
Conclusion
We discussed on RACH related issues for NTN. We propose the following.
Proposal 1: Common TA should be transmitted via MIB/SIB for non-GNSS UE. 
Proposal 2: Feeder link delay should be compensated by the network i.e. gNB/satellite 
Proposal 3: Robust PRACH format should be defined for long distance transmission, e.g. use of long sequence (length 839) for both FR1 and FR2, more repetition or multiple sequence transmission.
Proposal 4: Study intercell interference mitigation and/or collision reduction method with a limited number of ZC sequence per cell. 
Proposal 5: Consider PRACH transmission with TA for UE which has valid TA to allow CS multiplexing between UEs.
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The RA - RNTI associated with the PRACH in which the Random Access Preamble is transmi tted, is computed as:   RA - RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id   where s_id is the index of the first OFDM symbol of the specified PRACH (0  ≤   s_id < 14), t_id is the index of the first  slot of the specified PRACH in a syst em frame (0  ≤   t_id < 80), f_id is the index of the specified PRACH in the  frequency domain (0  ≤   f_id < 8), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for NUL carrier, and  1 for SUL carrier).  
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