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Introduction
A work item on Non Terrestrial Network (NTN) has been started. According to the WID[1], the following is to be specified in 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]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode



In RAN1#102-e meeting, the following was agreed. 
	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)



In this document, we discuss issues on UL timing and frequency synchronization for NTN. 
UL timing synchronization 
The scope of Rel.17 NTN WI is NTN scenarios with transparent satellite and GNSS capable UE according to the WID [1]. For GNSS capable UE, autonomous acquisition of the TA at UE with UE known location and satellite ephemeris was discussed during study item [3]. On the other hand, as an alternative way to realize UE autonomous TA, use of the gNB time stamp broadcasted in SIB was proposed [5], and discussed in RAN1#102e. Estimation of the propagation delay based on the time stamp is theoretically possible, but a concern was raised that tighter interaction between radio module and GNSS module is required in time stamp approach [6]. In addition, information of UE and satellite location can be used for other purposes like frequency synchronization (as discussed in Section 3) and handover/beam management [7]. Therefore, we prefer to support use of UE and satellite location information for UE autonomous TA acquisition.  
Proposal 1: Support UE autonomous TA acquisition based on location of UE and satellite.
For transparent satellite scenario, communication link between gNB (located at ground GW) and UE includes satellite-UE link (i.e. service link) and GW-satellite link (i.e. feeder link) as shown in Figure 1. 
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[bookmark: _Ref47529002]Figure 1  propagation delay for transparent satellite  
The propagation delay can be estimated from the distance between UE and satellite. GNSS capable UE can estimate the propagation delay for service link from the UE location and the satellite ephemeris. Therefore, the service link delay can be compensated by timing advance based on the UE autonomous TA. On the other hand, the feeder link delay is basically unknown to UE, and the DL-UL time difference should be managed by gNB. On the other hand, significant DL-UL time difference might be observed at gNB depending on NTN scenarios. Cell specific TA offset via SIB would be useful to reduce the DL-UL time difference to a manageable level at gNB. Cell specific TA offset would be sufficient with slot or half slot level granularity as UE specific TA offset, which is jointly used, can manage TA in sample level. 
UE determines the TA value based on the UE autonomously calculated TA value and cell specific TA offset, as shown in Figure 2. UE specific TA offset by TA command as in Rel.15 can be utilized to adjust possible timing error e.g. due to propagation condition and/or UE location estimation error, in addition to the time offset not expressed by cell specific TA offset. 
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[bookmark: _Ref47529164][bookmark: _Hlk47528913]Figure 2  TA based on UE autonomous TA and cell specific TA
Proposal 2: Cell specific TA offset should be supported in order to allow compensation of feeder link delay to some extent.  
UL frequency synchronization
For non-geostationary satellite (e.g. LEO) scenarios, the satellite moves with significantly high velocity (about 7.6 km/s). Thus, high Doppler shift is observed in communication between satellite and UE due to the satellite movement. The Doppler shift can be up to 24ppm as mentioned in [3]. Because the Doppler shift depends on the carrier frequency and relative velocity between the two communication points, GNSS capable UE can calculate it using UE location and satellite ephemeris. During study item, it was discussed pre-compensation of the Doppler shift by UE for UL transmissions. 
Pre-compensation and post-compensation can be performed at gNB and/or UE. For UL transmission, amount of frequency shift to be compensated at UE side would depend on UL frequency source (frequency before pre-compensation) and gNB pre-/post-compensation behaviour, as elaborated below. 
UE frequency source
Option 1) use the carrier frequency received from gNB 
Obtain the carrier frequency for UL from DL received signal from gNB. This is same as terrestrial operation of NR UE. In this case, the obtained carrier frequency is influenced by DL Doppler shift. 
Option 2) use the carrier frequency obtained from GNSS function
GNSS capable UE can obtain the accurate frequency from GNSS satellites with the process to obtain UE location. UE can use this as the frequency source for UL transmissions. In this case, the carrier frequency is not influenced by DL Doppler shift. 
Above two options are illustrated in Figure 3.
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[bookmark: _Ref47603568]Figure 5  UL frequency options (examples for Ka-band) 

gNB pre/post-compensation behaviour 
Pre-compensation for DL transmission 
Depending on the expected Doppler shift, pre-compensation for DL transmission would be necessary to allow UE to detect PSS/SSS in a reasonable time. gNB may pre-compensate the DL Doppler shift at a reference location within the satellite beam footprint (e.g. beam center). In this case, only residual frequency shift compared to the Doppler shift at the reference location is observed at UE location. If the satellite operation is limited to high elevation angle, pre-compensation for DL transmission might not be necessary because the Doppler shift is smaller for a beam with higher elevation angle.
Post-compensation for UL reception 
gNB may perform post-compensation, i.e. receives UL signals with the shifted frequency such that the Doppler shift is compensated. The compensation target would be the Doppler shift at a reference location within the satellite beam footprint (e.g. beam center) similar to DL pre-compensation. 
Above are illustrated in Figure 4.
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Figure 6  gNB pre/post-compensation 
The amount of frequency shift to be performed at UE for the pre-compensation depends on the above explained UE frequency and gNB behaviour. When gNB pre/post-compensate Doppler shift for a reference location within the beam, UE needs to compensate only the residual frequency shift compared to the Doppler shift at the reference location. When gNB does not perform pre-compensation nor post-compensation, UE needs to compensate the Doppler shift at UE location. What to be compensated by UE is summarized in Table 1.
Note that even with the gNB pre-compensation and post-compensation for beam center location, it is required to further compensate residual frequency shift at UE location to reuse the existing PRACH format according to the investigations during study item in our understanding [4].
[bookmark: _Ref47543499]Table 1 Frequency shift to be compensated by UE pre-compensation 
	Case 
	gNB implementation
	UE pre-compensation for UL

	
	DL pre-compensation
	UL post-compensation
	Option 1: Use frequency obtained from DL signal
	Option 2: Use frequency obtained from GNSS

	1
	No 
	No 
	Both DL and UL Doppler shift at UE location
	UL Doppler shift at UE location

	2
	Yes 
	No 
	DL residual frequency shift and UL Doppler shift at UE location
	UL Doppler shift at UE location

	3
	No 
	Yes
	DL Doppler shift at UE location and UL residual frequency shift
	UL residual frequency shift

	4
	Yes 
	Yes 
	DL residual frequency shift and UL residual frequency shift at UE location
	UL residual frequency shift



DL pre-compensation and UL post-compensation at gNB would be implementation matter. Although a simple solution from gNB perspective would be not to implement pre/post implementation at gNB, it can sacrifice UE implementation on what level of Doppler shift needs to be compensated and what function is required to be implemented. Therefore, what is required UE function should be clarified related to the assumption on pre/post compensation at gNB. 
Whether DL pre-compensation is assumed or not would need to be concluded within RAN4 in order to determine the performance requirement of PSS/SSS detection in NTN. UE frequency source and applicability of UL pre-compensation would be concluded/defined within RAN4 in order to determine the frequency error requirement of the transmission signal with the consideration of gNB receiver performance.  
Regardless of DL pre-compensation and UL UE frequency source assumption, if SIB indicates the amount of the frequency shift compared with UE frequency source, pre-compensation by UE for UL is possible to adapt to each gNB receiver relaxation. Such function is also useful if non-GNSS capable UE is supported in future. Therefore, we propose the following. 
Proposal 3: To support the frequency shift compared with UE frequency source based on the value indicated via SIB. 
Conclusion
In this contribution, we discussed issues on UL timing advance and frequency synchronization for NTN. The following are proposed. 
Proposal 1: Support UE autonomous TA acquisition based on location of UE and satellite.
Proposal 2: Cell specific TA offset should be supported in order to allow compensation of feeder link delay to some extent.  
Proposal 3: To support the frequency shift compared with UE frequency source based on the value indicated via SIB.  
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