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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 timing relationship enhancements 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 in NTN. 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.
In Figure 1 we show a simple EFB deployment. The satellite orbit is 600 km. The UE location is 1000 km and the gNB with a satellite gateway (GW) is located at 0 km. The satellite moves from -1000km to 2000km with a moving speed of 7.56 km/s. Other details are summarized below.
· Service link refers to a radio link between the UE and the satellite. The minimum elevation angle for the gNB and the UE to maintain the connection is 10 degrees;
· Feeder link refers to a radio link between the satellite and the gNB. Like the case of the service link, the minimum elevation angle for the gNB and the satellite is set to 10 degrees;
· Service period refers to the period of UE being served by the satellite. During the service period, the elevation angles for both the service link and the feeder link may be greater than 10 degrees;
· Max delay means the max propagation delay between the gNB and the UE during the service;
· Max delay rate means the max change with time for the gNB-UE propagation delay.
[image: ]
Figure 1: an example of the EFC deployment for the LEO-600km transparent-payload based NW.
As shown in Figure 1, for a fixed UE with 1000 km far from a serving gNB, assuming that a satellite moves aligned with a line between the UE and the serving gNB, the EFB satellite deployment may provide a fixed cell connection for at most 354 seconds until either the feeder link or the service link is broken, e.g., out of the minimum elevation angle as 10 degrees. During the connection, the UE may experience the propagation delay from around 5 ms to 10 ms with the maximum change rate of time as 0.05 ms per second. 
[bookmark: _Toc47598769]Earth fixed cells may serve a UE remained connected for nearly 6 minutes.
Based on the evaluations, the propagation delay may not fit a simple linear regression model (it seems to fit a quadratic model better). Hence, better signalling methods may be considered to reduce signalling overhead.
[bookmark: _Toc47598770]For Earth fixed cells, the propagation delay may change non-linearly.
Timing relationships
In NTN, the existing NR timing definitions involving DL-UL timing interaction will be enhanced by a new offset value K_offset. The values of K_offset can be per beam or per-cell. It is for further study whether is derived from broadcast information or is signalled by higher layers. Note that to avoid a scheduling mistake, e.g., scheduled UL is earlier than its scheduling DCI, K_offset shall be large enough to cover a required timing advanced (TA) value. However, there might be a difference between the EMC and the EFC on the K_offset configuration. For the EFC, K_offset may need at least a few updates, but for the EMC, it might not be necessary. 
[image: ]
[bookmark: _Ref29298307]Figure 3: Comparison of TA values between the EMC and the EFC deployment.
In Figure 3, we show a comparison of TA values between the EMC and the EFC, where UE location is set to 1000 km, and GW location is set to 0 km. In this example, total TA variation during service is only 0.55 ms for the EMC, but it is up to 9.33 ms for the EFC. Note that the value of K_offset might be always equal and greater than the TA values.
[bookmark: _Toc47598771]For Earth moving cells, total TA change during service may less than 1 millisecond. 
Based on this example, for the EMC, it is sufficient to configure K_offset as a fixed value, e.g., the max propagation delay of 19.75 ms. However, for the EFC, the TA value changes 9 ms during the service time of 354 s as shown in our example. Simply fixing K_offset may loss scheduling flexibility. K_offset update shall be further considered as FFS.
[bookmark: _Toc47598772]For Earth moving cells, set K_offset as a fixed value per cell.
[bookmark: _Toc47598773]For Earth fixed cells, signalling on K_offset update shall be FFS. 
Enhancement on configured grant
In Rel-16 NR, PUSCH transmission(s) can be dynamically scheduled by a UL grant in a DCI, or the transmission can correspond to a configured grant (CG). However, only DCI based PUSCH transmission has been discussed in the TR, the CG based PUSCH transmission is missing. Enhancement on CG shall be considered in Rel-17 WI.
[bookmark: _Toc47598774]Timing relationship enhancement on configured grant PUSCH transmission shall be FFS.
Conclusion
In this contribution, we have the following observations
Observation 1	Earth fixed cells may serve a UE remained connected for nearly 6 minutes.
Observation 2	For Earth fixed cells, the propagation delay may change non-linearly.
Observation 3	For Earth moving cells, total TA change during service may less than 1 millisecond.
Based on these observations, we have the following proposals
Proposal 1	For Earth moving cells, set K_offset as a fixed value per cell.
Proposal 2	For Earth fixed cells, signalling on K_offset update shall be FFS.
Proposal 3	Timing relationship enhancement on configured grant PUSCH transmission shall be FFS.
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