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Introduction
In RAN2#108, the email discussion [108#06] [NTN] Earth fixed vs. Earth moving cells in NTN LEO has been completed. This email has provided the necessary impact details on RAN2 aspects, and the results were captured in the TR.
	3GPP TR 38.821 V16.0.0 (2019-12)
7.4 Earth fixed cells vs Earth moving cells
Compared to LEO based Earth moving cells scenario where cells are moving on the ground, LEO based Earth fixed cells scenario refer to NTN that provide cells fixed with respect to a certain location on the Earth during a certain time duration. This can be achieved with NTN platforms generating steerable beams which footprint is fixed on the ground.
The same solutions identified for Earth moving cell scenario can also be applied for Earth fixed cell scenario, however, whether specific solutions are necessary (or preferred) for each scenario can be further evaluated in the normative phase (See [74]).


However, there is no impact analysis of RAN1 aspects. The goal of this contribution is to provide our understanding of how UL time and frequency synchronization can be carried out in Earth fixed cells LEO transparent scenarios.
Discussion
Earth fixed cells
Earth fixed cells (EFC) refers to the footprints of satellite beams on earth are fixed for a long time. The angle of the antenna for each beam can be adjusted during the moving of the satellite to provide service to a fixed area on earth for a long time. The major difference to the Earth moving cell (EMC) is that the round trip time (RTT) for a device is varying with the elevation angle of beams. And each cell/area has the largest RTT with the minimum or maximum elevation angle. The EFC deployment may extend the cell serving time from around 6 seconds of EMC to nearly 6 minutes, that may resolve frequent handover requirement from RAN2 perspectives. Also, since cells can be fixed on the ground, tracking areas can be fixed naturally and the update mechanism can be simple from RAN2 perspectives.
UL time synchronization 
Timing advance (TA) refers to the timing offset between UL and DL frames. The UL frames may be transmitted in advance based on a TA value, indicated by NW. This is used to guarantee UL signals from different UEs to be received at the NW side on time without interfering each other. The typical TA value is set to two times the propagation delay. This value matters because NW needs this information for the following purposes: 
· to perform UL time scheduling, e.g., UL grants and UL slot offsets;
· to ensure L1 synchronization, e.g., the TAG-specific timer defined in Rel-15 NR;
· enhance mobility, e.g., SMTC measurement gap and conditional handover (CHO).
According to TR 38.821, the TA value would be obtained by NW after the 4-step random access (RA) procedure or the 2-step RA procedure has been completed. It is like the legacy TA in initial access, except for a case of autonomous acquisition of the TA at UE, it may need UE to report TA via Msg3 or MsgA.  
However, when UE is in the CONNECTED mode after camping an NTN cell, the support of the autonomous acquisition of the TA may become a problem. NW may not know the TA value used by UE based on the received UL signal. In TR 38.821, the related paragraphs can be found below.
	3GPP TR 38.821 V16.0.0 (2019-12)
For the timing advance (TA) in the initial access and the subsequent TA maintenance, the following solutions are identified with an illustration of the definition of terminology given in Figure 6.3.4-1:
· Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris.
· In this way, the required TA value for UL transmission including PRACH can be calculated by the UE. The corresponding adjustment can be done, either with UE-specific differential TA or full TA (consisting of UE specific differential TA and common TA)


The option 1 aims to support the TA in both the initial access and the subsequent TA maintenance. However, for the TA maintenance, further considerations may be needed, e.g., how to validate the TA value when the autonomous acquisition is enabled, how to guarantee NW can calculate the absolute TA value based on the UL signal, or simply the option 1 may not be supported for the TA maintenance in Rel-17.
[bookmark: _Toc47620449]It is unclear how to support autonomous acquisition of the TA at UE in RRC_CONNECTED.
[bookmark: _Toc47620454]For autonomous acquisition of the TA at UE with UE known location and satellite ephemeris, prioritize the timing advance in the Random Access procedure in Rel-17 NTN. 
For initial TA, option 1 may have another issue that, if UE over-compensates, there are no negative values in NR for NW to pull it back. As a result, even with little compensation errors, NW would recognize the received preamble sent from the previous PRACH Occasion (PO) instead of the PO UE applied. Also, NW may fail to compensate the TA due to out of the control range and calculate a wrong RA-RNTI due to the wrong association with the previous PO.
[bookmark: _Toc47620450]There is no negative value in Timing Advanced Command in MAC RAR to support autonomous acquisition of the TA at UE in the Random Access procedure.
[bookmark: _Toc47620455]For autonomous acquisition of the TA at UE with UE known location and satellite ephemeris, negative values in Timing Advanced Command in MAC RAR shall be supported in Rel-17 NTN. 
Another issue for option 1 is related to the feeder link delay. Logically, UE location and satellite ephemeris may only help a UE to estimate the delay of the service link. However, for the transparent architecture, the estimation is more involved with the delay of the feeder link. The related context is given below.
	3GPP TR 38.821 V16.0.0 (2019-12)
For transparent architecture: the estimation is a bit more involved as the delay that needs to be estimated is between the UE and the gNB interface on the ground. Some options are:
1) Option 1: To broadcast the position of the satellite along with the delay from satellite to gateway where the gNB interface is situated.
2) Option 2: Signal ephemeris along with gateway position to the UE.
3) Option 3: Signal the feeder link delay or to have the gNB to compensate feeder link delay so that UE only estimates the service link delay.


For Earth fixed cells, the delay of the feeder link keeps changing during the service period in a cell of nearly 6 minutes. That means any solution related to broadcast or signalling may require updates from time to time.
· For the option 1, if the feeder link delay is broadcast to UEs, it needs some updates in system information (SI), which may or may not be an issue considering the maximum delay varying of the feeder link is around 20 s/s, according to the maximum delay variation for LEO regenerative payload given in the TR.
· For option 2, if the ephemeris can be pre-programmed in a u-sim or broadcast and updated in SI, then signalling the gateway positions along with the ephemeris may be feasible. Some reasons are given below:
i) first, the gateway is fixed on the ground, and no trajectory information is required like the ephemeris. The information for each GW position is less than the ephemeris for a satellite. 
ii) Second, considering the maximum radius for a GW to connect a satellite is up to 1836 km, this covers a ground area of nearly . Without inter-satellite links, around 10 GW stations can cover the US (total area of 9,833,520 ) or China (total area of 9,596,961 ). Comparing to LEO satellites, it would require 420 satellites to achieve minor broadband coverage of Earth, according to some released information from SpaceX. The total information for the GW positions would be less than the ephemeris.
· For option 3, if the gNB compensates feeder link delay, then NW may need to manage a time-varying DL-UL frame timing offset. This is feasible but requires additional complex at the NW side. On top of that, different transparent satellites may be connected to the same gNB on the ground, as described in TR 38.821. If the feeder link delay is compensated by NW, then it may need to manage multiple feeder link delays simultaneously for the connected satellites. That may be an additional workload.
From our perspectives, option 2 seems to be more practical than the rest of the options above if only GNSS UEs are supported in Rel-17 NTN WI. Also, if the GW locations are simply used for timing and frequency synchronization, low accurate information, e.g., with an error of kilometres, would be enough for UE to perform initial access.
[bookmark: _Toc47620451]For Earth fixed cell, it requires less signalling overhead to support autonomous acquisition of the TA at the UE side by signalling ephemeris along with gateway position to the UE.
[bookmark: _Toc47620456]For autonomous acquisition of the TA at UE with UE known location and satellite ephemeris, at least signal ephemeris along with gateway position to the UE shall be supported in Rel-17 NTN. 
UL frequency synchronization
DL synchronization
In NR, UE detects the SSBs to get good one-shot detection against initial frequency offset up to 5 ppm. However, for Earth fixed cells, the connected period is around 6 minutes, and UE may experience the max and the min Doppler shift from +48 kHz to -48 kHz, i.e., 24 ppm, for LEO in S-band.
[bookmark: _Toc47620452]For Earth fixed cell, UE may experience the max and min Doppler frequency shift during service.
A solution captured in the TR is to introduce pre-compensation at the satellite side, i.e., with beam specific pre-compensation of common frequency shift, e.g., conducted to the spot beam centre at the network side. In Figure 1, we show the concept of the common frequency shift. For each beam centre, the Doppler frequency shift is 0 ppm for both UL (this is called post-compensation at the satellite side) and DL. The maximum residual Doppler shift happens for a UE at the beam edge.

[image: ]
[bookmark: _Ref29387635]Figure 1: an illustration of the pre-compensation of common frequency shift.
If the pre-compensation mechanism is assumed at the satellite side, the max Doppler shift and the max Doppler rate is summarized in Table 1 for 600 km satellite altitude. Note that except for the extreme case, i.e., the beam diameter of 1000 km, it shows the robust performance can be provided by the PSS and SSS in Rel-15 NR.
[bookmark: _Ref29386774]Table 1: max Doppler shift and rate if pre/post compensation mechanism is assumed
	Max Doppler shift without pre/post compensation
	24 ppm

	Max Doppler shift with pre/post compensation 

	beam diameter = 50 km (Set 1 - S-band): 1.05 ppm
beam diameter = 90 km (Set 2 - S-band): 1.88 ppm
beam diameter = 1000 km (max beam footprint size): 15.82 ppm

	Max Doppler rate
	0.27 ppm/s 


Meanwhile, companies also have shown that the pre-compensation is not mandatory to achieve robust initial DL synchronization. If there is no pre-compensation, it simply comes at a cost of increasing receiver complexity due to the increased number of frequency hypotheses. For example, with a subcarrier spacing of 15 kHz, the number of frequency hypotheses with pre-compensation was about 6 and the number without pre-compensation was 18. 
	Agreement in RAN1#98-bis:
Capture the following in the TR:
· Additional complexity is needed at the UE receiver to achieve robust performance on synchronization based on Rel-15 SSB for the case of LEO without pre-compensation of Doppler shift by the network


Note that without pre-compensation of Doppler, it leads to 24 ppm of frequency offset. If 24 ppm can be supported by Rel-15 NR with additional complexity, then there will be no issue to support the max Doppler shift with pre-compensation of 15.82 ppm for the max beam diameter deployment, if the additional complexity is supported.
[bookmark: _Toc47620453]For max beam footprint size of 1000 km, additional complexity is needed at the UE receiver even with the pre/post compensation of Doppler shift by the network.
[bookmark: _Toc47620457]The pre/post compensation of Doppler shift by the network shall be supported in Rel-17 NTN. 
[bookmark: _Toc47620458]Complexity at the UE receiver to achieve robust synchronization based on Rel-15 SSB for the max beam footprint with pre/post compensation of Doppler shift by the network shall be FFS.
Conclusion
In this contribution, we have the following observations
Observation 1	It is unclear how to support autonomous acquisition of the TA at UE in RRC_CONNECTED.
Observation 2	There is no negative value in Timing Advanced Command in MAC RAR to support autonomous acquisition of the TA at UE in the Random Access procedure.
Observation 3	For Earth fixed cell, it requires less signalling overhead to support autonomous acquisition of the TA at the UE side by signalling ephemeris along with gateway position to the UE.
Observation 4	For Earth fixed cell, UE may experience the max and min Doppler frequency shift during service.
Observation 5	For max beam footprint size of 1000 km, additional complexity is needed at the UE receiver even with the pre/post compensation of Doppler shift by the network.
Based on these observations, we have the following proposals
Proposal 1	For autonomous acquisition of the TA at UE with UE known location and satellite ephemeris, prioritize the timing advance in the Random Access procedure in Rel-17 NTN.
Proposal 2	For autonomous acquisition of the TA at UE with UE known location and satellite ephemeris, negative values in Timing Advanced Command in MAC RAR shall be supported in Rel-17 NTN.
Proposal 3	For autonomous acquisition of the TA at UE with UE known location and satellite ephemeris, at least signal ephemeris along with gateway position to the UE shall be supported in Rel-17 NTN.
Proposal 4	The pre/post compensation of Doppler shift by the network shall be supported in Rel-17 NTN.
Proposal 5	Complexity at the UE receiver to achieve robust synchronization based on Rel-15 SSB for the max beam footprint with pre/post compensation of Doppler shift by the network shall be FFS.
Reference
[bookmark: _Ref9595909][bookmark: _Ref16874156]3GPP TR 38.821 V16.0.0, Solutions for NR to support non-terrestrial networks, December 2019.
R2-1916351, 	[108#06][NTN] Earth fixed vs. Earth moving cells in NTN LEO, Thales, November 2019.	
image1.png
\

satellite

orbit-600km

Beam center
Doppler frequency shift = 0 ppm for both UL and DL

earth

Doppler frequency shift = 1.05 ppm
for beam diameter = 50 km





