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Introduction
From the Rel-17 NTN work item description (WID) the following objective is noted [1]:
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
A summary of past discussion on UL time synchronization in RAN1 and RAN2 can be found in [2] and [3] respectively, with relevant agreements from RAN1#102e included below for convenience [4]:
Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network
Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· Option 2: The User specific TA is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication
· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)
The following contribution addresses ongoing RAN1/RAN2 discussion concerning the method of UE-gNB delay calculation. 
Discussion
Due to very large propagation delay in non-terrestrial networks, both RAN1 and RAN2 have been tasked with identifying enhancements to uplink time synchronization [1]. Solutions described thus far can be classified as compensating either: 1) a portion of total delay common to all UEs within a cell, such as from gNB to a reference point or; 2) the full UE-gNB delay specific to each UE. Based on the above agreements from RAN1#102e [4] and near consensus support (27/28) in ongoing RAN2 email discussion [5], it is assumed timing synchronization will be performed in a UE-specific manner.
To obtain the UE-specific delay necessary to perform such timing compensation, two solutions have been identified: 
Option 1: UE obtains its location via GNSS, and the satellite location via ephemeris data. With the two locations UE can estimate the UE-satellite distance and thus the UE-satellite delay.
Option 2: The IE referenceTimeInfo-r16 in SIB9 is utilized to provide a timestamp of when the SIB is transmitted to the satellite from the gNB. Upon reception, the UE compares its current GNSS timing to that provided in the timestamp, providing an estimate of the full RTD between the UE and gNB. An illustration of the delay components of each solution is provided in Figure 1.
[image: ]
Figure 1: Illustration of GNSS-assisted TA acquisition solutions based on RAN1 agreements
[bookmark: _GoBack]Although both solutions provide a UE-specific delay estimation, it has been noted in [5] that unlike the location-based solution (Option 1), the timestamp-based solution (Option 2) lacks information necessary for frequency synchronization (e.g. satellite velocity and relative position between UE and satellite). Therefore, even if Option 2 is used for time synchronization, it is likely a procedure very similar to Option 1 is additionally required for frequency synchronization. As well, the IE referenceTimeInfo-r16 was introduced in release 16 as an optional gNB feature to support the strict synchronization accuracy requirements of time sensitive communications (TSC) in IIoT, which may not necessarily be support by all NTN gNBs.
Observation 1: 	A procedure similar to Option 1 will likely be required and specified for frequency synchronization even if UE-specific delay is calculated based on a timestamp. 
Therefore, to avoid specifying multiple solutions and mandating the network to support the timestamp solution, it is proposed to have a unified solution for time/frequency synchronization based on Option 1.
Proposal 1: 	The UE-satellite delay is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network.
Considering the two-way gNB-satellite delay may be up to several hundred milliseconds in GEO, an estimate of full UE-gNB delay is necessary to avoid unnecessary power consumption and timer expiry for least initial access. As the procedure described in Option 1 only estimates the UE-satellite delay portion, obtaining the full UE-gNB delay requires the addition of a common TA, representing the delay between the gNB and satellite. 
Since the network is aware of the gNB, gateway (GW) and satellite location, a straightforward solution is for the network to calculate the gNB-satellite delay. Considering this delay is common to all UEs served by the satellite, it is proposed that this value be broadcast in system information along with satellite ephemeris data (a companion contribution [6] discusses ephemeris data in SI).
Observation 2: 	gNB-satellite delay is common to all UEs served by the satellite.
Proposal 2: 	gNB-satellite (i.e. feeder-link) delay is calculated by network and broadcast in system information.
Upon receiving the common delay and satellite ephemeris from SI, the UE has all information necessary to estimate the UE-gNB delay. This value can be used as an initial offset to various timers such as the ra-ResponseWindow, with the estimate being further refined via legacy network-controlled timing advance procedure.
Proposal 3: 	UE-gNB delay is estimated by the UE via addition of gNB-satellite delay and UE-satellite delay.
Conclusion
In this contribution the following observations and proposals were made concerning delay calculation and compensation in NTN
Observation 1: 	A procedure similar to Option 1 will likely be required and specified for frequency synchronization even if UE-specific delay is calculated based on a timestamp. 
Observation 2: 	gNB-satellite delay is common to all UEs served by the satellite.
Proposal 1: 	The UE-satellite delay is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network.
Proposal 2: 	gNB-satellite (i.e. feeder-link) delay is calculated by network and broadcast in system information.
Proposal 3: 	UE-gNB delay is estimated by the UE via addition of gNB-satellite delay and UE-satellite delay.
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