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1 Introduction
According to the Non-Terrestrial Network (NTN) SID [1], the SI contains the following objective regarding physical layer related to NTN:

In this contribution, we provide our views on RACH procedure, timing advance adjustment and uplink transmission timing.
2 Discussion
The long propagation delay between the gNB and the UE is one physical phenomenon of NTN that requires careful consideration when adapting NR to accommodate NTN.  The one-way delay between the UE and the gNB is different when the type of satellite (GEO, LEO, MEO, etc.) is considered. In addition, the elevation angle from the UE to the orbiting satellite also affects the propagation delay. From TR 38.811[2], the one-way delay can range from 2ms to 272ms.
In NR release 15, the maximum timing advance is determined from the propagation delay between a terrestrial gNB and UE. In terrestrial networks, the round trip time is around 1ms. However, propagation delays in NTN are longer and the satellite moves at high speed around its orbit. For bent pipe GEO satellites for example, the maximum one-way delay is 272.375ms. Even a regenerative LEO satellite at 600km, has a maximum one-way delay of 6.44ms [2]. These delays are much longer than terrestrial propagation delays. In addition, since a LEO satellite moves around its orbit, the propagation delay to a given stationary UE also varies according to the satellite position and elevation angle. Therefore, we consider the impacts for NTN.

2.1 Timing Advance
It is widely agreed that the timing advance (TA) arising from the distance of the satellite from the earth surface can be broadcast in system information for all UEs. The use of RACH will therefore mainly be to acquire the differential delay for UEs within the spot-beam of the satellite. Whilst the cell size for a terrestrial cellular gNB is at most a few 10s of kms, the radius of a satellite spot-beam is 100s of kms depending on the height of the satellite. This means that the guard period following the RACH preamble will have to be much larger.

Observation 1: The guard time following the RACH preamble transmission in NTN will be much larger than for terrestrial networks.

The round-trip time between an NTN gNB and UE is also much longer. This means that RACH procedures will take longer than in terrestrial networks. Some use cases for RACH such as in connected mode handover may not be able to support the long duration of RACH procedures. For such use cases, 2-step RACH brings significant advantages and indeed, such uses case may only be feasible with 2-step RACH.
Proposal 1: RAN1 should study the restriction of using only 2-step RACH for delay sensitive RACH use cases.
2.2 Timing Advance Adjustment

As a LEO satellite moves around its orbit, the distance between the UE and the gNB is changing and so the timing advance needs to dynamically change. If we consider a LEO satellite at 600km and a UE in a fixed position on earth, the propagation delay the between UE and satellite will change of the order of 10(s during one second. The gNB can adjust the timing advance by timing advance command in MAC CE. However, in Rel-15, the maximum timing advance adjustment is 32(16(64(Tc/2( [3]. With a subcarrier spacing of 120kHz, the maximum timing advance adjustment is therefore only 2.08(s at a time. This means that gNB cannot keep up with the TA variation if it only uses adjustment by timing advance command especially since the gNB needs to frequently send the timing advance command by MAC CE for all served UEs. 

To resolve these issues, open-loop timing advance adjustment can be considered for NTN. Because satellite moves in a fixed orbit, the UE can predict the satellite’s position if the network provides any information for prediction by broadcast signal. With this information, the UE can calculate the propagation delay from the gNB to the UE and then adjust the timing advance by itself. 
Proposal 2: Open-loop timing advance adjustment should be studied.
2.3 Uplink Transmission Timing
For PUSCH, transmission timing is decided by (n(2((PUSCH((PDCCH) ( + K2 [4], where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and (PUSCH and (PDCCH are the subcarrier spacing configurations for PUSCH and PDCCH. If the UE receives PDCCH scheduling a PUSCH, the UE transmits data on PUSCH after K2 slots. K2 is configured by PUSCH-TimeDomainResourceAllocationList, however, the current specification only supports max K2 = 32. This cannot support propagation delay of NTN, so this issue should be studied.
For HARQ-ACK on PUCCH, there is the same issue with PUSCH timing. HARQ-ACK on PUCCH transmission timing is within slot n + k [3], where n is PDSCH reception timing and k is provided by dl-DataToUL-ACK. However, current spec only supports max k = 15. This cannot support propagation delay of NTN, so this issue also should be studied as highlighted in our sister contribution [5].
Proposal 3: Uplink transmission timing interval should be studied for the following:

· PDCCH (resource grant) to PUSCH
· PDSCH to PUCCH (HARQ-ACK)
3 Conclusions
In this contribution, we have discussed RACH procedure, timing advance adjustment procedures and uplink transmission timing for NTN. The following observation and proposals are made:
Observation 1: The guard time following the RACH preamble transmission in NTN will be much larger than for terrestrial networks.

Proposal 1: RAN1 should study the restriction of using only 2-step RACH for delay sensitive RACH uses cases.
Proposal 2: Open-loop timing advance adjustment should be studied.
Proposal 3: Uplink transmission timing interval should be studied for the following:

· PDCCH (resource grant) to PUSCH
· PDSCH to PUCCH (HARQ-ACK)
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Physical layer


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]





Note: PRACH impact on 4 step RACH procedure is considered. Identification of any specific requirements related to 2 step RACH (compared to 4 step RACH) is also considered after some progress on the WID “2 step RACH” if necessary [RAN1 and 2].












