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1. Introduction
During the study item phase of NTN, an issue of timing advance (TA) was identified as in TR38.821 [1], due to that the round-trip propagation delay in NTN is far beyond the range of current TA compensation via MAC RAR and TAC MAC CE. It is suggested that TA pre-compensation is necessary before initiating random access. In the WID [2] this issue is included in the objectives both for RAN1 and RAN2.
	RAN1
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements [RAN1, RAN2]
· Enhancements on UL time and frequency synchronization [RAN1, RAN2]
…

RAN2
The following user plane procedures enhancements should be specified (see TR 38.821)
· MAC
· Random access:
· …
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side
 …


In this contribution, we discuss details in TA pre-compensation from RAN2 perspective.
2. [bookmark: Proposal_Beacon]Discussion
During the study item phase of NTN, reference scenario parameters for GEO and LEO satellites including the maximum round trip delay and the maximum differential delay within a cell are given as in Table 1.
Table 1: Reference scenario parameters
	Scenarios
	GEO (Scenario A and B)
	LEO (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km, 1200 km

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
Scenario B: 270.73 ms (service link only)
	Scenario C (transparent payload: service and feeder links): 
25.77 ms (600km), 41.77 ms (1200km)
Scenario D (regenerative payload: service link only): 
12.89 ms (600km), 20.89 ms (1200km)

	Max differential delay within a cell
	10.3 ms
	3.12 ms (600km), 3.18 ms (1200km)


Since that the TA is no less than the round-trip propagation delay, the legacy TA compensation via MAC RAR or TAC MAC CE in NR is not enough for NTN. E.g. even for NTN LEO scenario D at 600km orbit (which is the best case), the round-trip delay can be more than 6 times as much as the maximum TA compensated via MAC RAR for SCS=15kHz (12.89ms versus 2ms). Even if a common service link TA in an NTN cell can be provided in SIB or compensated at network side, the differential TA within a cell (i.e. differential delay, 3.12ms~10.3ms versus 2ms) is still out of the range of TA compensation via MAC RAR. The same issue exists for TA compensation via TAC MAC CE (e.g. 3.12ms~10.3ms versus 0.017ms for NTN LEO scenario D at 600km orbit with SCS=15kHz). As a result, the TA cannot be fully compensated at the UE via MAC RAR when performing random access. Additionally, it requires significant signalling overhead to compensate the TA via TAC MAC CE.
Observation 1: The round-trip propagation delay and the maximum differential delay within a cell in NTN are beyond the range of current TA compensation mechanisms via MAC RAR and TAC MAC CE.
Although extension of MAC RAR or TAC MAC CE is a possible option, it only works after the first message transmission (Msg1 or MsgA) or RACH procedure. TA pre-compensation can solve this issue from the very beginning and requires no modification to MAC RAR or TAC MAC CE format.
Proposal 1: Support TA pre-compensation in NTN considering large propagation delays.
Proposal 2: TA pre-compensation in NTN can be used for 4-step and 2-step RACH.
In [1] example TA pre-compensation solutions are provided for UE with and without location information. As a basic WI assumption, UE with location information (from GNSS) can derive TA from locations of itself and the satellite (e.g. by ephemeris), at least for the regenerative architecture. TA pre-compensation is more complex for the transparent architecture as the propagation delay also includes that in the feeder link. Indication of feeder link delay or gateway position, or compensation at network side can be considered.
Meanwhile for UE without location information, broadcasting a common TA for NTN or extending the value range of the existing TA offset in system information is the baseline, and for transparent architecture an indication of feeder link delay (maybe as part of the common TA) or compensation at network side can be considered as well. However compensation of UE specific TA via MAC RAR is not always valid as the maximum differential delay could beyond its range. Solution for estimating UE specific TA is still needed.
The key for TA pre-compensation is to estimate the propagation delay between UE and gNB, which is relevant to the locations of UE and satellite (and the ground gateway in transparent architecture) but does not have to depend on them. Based on the above analysis, even for the UE with location information, indication of the satellite location/ephemeris is still needed, and for the transparent architecture additional gateway location or feeder link delay are necessary. For the UE without location information (e.g. when GNSS is unavailable), other non-location-based solutions could be considered (could be in this release if time allows). For example, as the propagation distance can be easily associated to pathloss in LOS propagation, network can provide a reference value of power for propagation delay estimation, which could be larger than the satellite transmission power to include the feeder link. Such method can work as a unified solution for regenerative and transparent architectures and can be used for UE with or without location information.
Observation 2: The key for TA pre-compensation is to estimate the propagation delay between UE and gNB, which can also be supported by other means than location-based solutions.
Another character that is essential for TA pre-compensation is LEO satellite movement. As a result the TA needs to be pre-compensated is dynamic for the service link (and the feeder link in transparent architecture). Enhancement for TA pre-compensation must take LEO satellite movement into consideration e.g. how to indicate the TA needs to be compensated efficiently and avoid frequent update or complex calculation. In this case location-based solution may not be the best choice.
Observation 3: LEO satellite movement leads to propagation delay change, and as a result TA to be pre-compensated is dynamic for the service link (and the feeder link in transparent architecture).
Proposal 3: Non-location-based solutions should be considered for TA pre-compensation in NTN.
Proposal 4: Efficient indication for TA pre-compensation due to satellite movement be considered.
3. Conclusion
In this contribution, TA pre-compensation for NTN before RACH initiation are discussed. The following observation are given:
Observation 1: The round-trip propagation delay and the maximum differential delay within a cell in NTN are beyond the range of current TA compensation mechanisms via MAC RAR and TAC MAC CE.
Observation 2: The key for TA pre-compensation is to estimate the propagation delay between UE and gNB, which can also be supported by other means than location-based solutions.
Observation 3: LEO satellite movement leads to propagation delay change, and as a result TA to be pre-compensated is dynamic for the service link (and the feeder link in transparent architecture).
And we propose:
Proposal 1: Support TA pre-compensation in NTN considering large propagation delays.
Proposal 2: TA pre-compensation in NTN can be used for 4-step and 2-step RACH.
Proposal 3: Non-location-based solutions should be considered for TA pre-compensation in NTN.
Proposal 4: Efficient indication for TA pre-compensation due to satellite movement be considered.
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