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Based on NTN WID [1], there are some issues which are needed to further study related to UL time and frequency compensation as the follows: 
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[2]):
· 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 this contribution, we further analyzed the issues of UL timing and frequency compensation in NTN system. Potential problems and solutions are presented.
Discussion 
0. Basic assumption for UL timing and frequency compensation in NTN
Based on WID scope, it is assumed that UE has GNSS capability and can be able to conduct time-frequency compensation based on UE position and ephemeris information. For the UE without pre-compensation capability, it is not focus of Rel-17 WID.

0. TA maintenance in NTN  
Initial TA
During the initial access, the gNB estimates the initial TA based on the preamble sequence transmitted by UE, and sends the TA command to UE in the Random Access Response (RAR). In NR, the RAR has 12 reserved bits to signal an index  where . UE calculates the initial TA value  using  (in units of  where for a subcarrier spacing of  kHz, where . The following table shows the maximum distance compensated for different SCS using the current NR parameters.
Table 1. Maximum TA value in RAR for various SCS.
	SCS
	
	Max.  
	Max. distance compensated

	15 kHz
	1
	2 ms
	300 km

	30 kHz
	2
	1 ms
	150 km

	60 kHz
	4
	0.5 ms
	75 km

	120 kHz
	8
	0.25 ms
	37.5 km

	240 kHz
	16
	0.125 ms
	18.75 km



When a GNSS-equipped UE is applied in the NTN, UE can determine UE position and satellite position based on ephemeris information. Furthermore, UE can calculate TA and compensate it in UL transmission. According to operation experience, the offset distance between the satellite and UE due to ephemeris information outdated is less than 10km within a week. As shown in Table 1, the minimum distance covered by the uplink TA is 18.75 km, which is greater than 10km. Hence, based on reasonable ephemeris information error range, it may not be necessary to increase the bit width of the TA command.
Proposal 1: Increasing the bit width of the TA command is not necessary for the UE with GNSS capability.

TA update
The network sends timing advance commands to a UE in connected mode to maintain uplink timing. There are 6 bits in the MAC CE for indicating an index  where  to the UE. The UE calculates the new TA value  using  (in units of  where ). This allows a maximum change in the TA value of  which is shown in Table 2. 
[bookmark: _Ref16776495]	Table 2 Maximum change in TA value and Cycle Prefix (CP) length for various SCS.
	SCS
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	Max. change in TA per MAC-CE (us)
	16.67
	8.33
	4.16
	2.08
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From the Table 2 larger SCS will support shorter transmission period per TA command. To cope with a large timing drift of 40µs/s multiple commands per second are required. To maintain uplink timing synchronization, the gNB has to frequently send TA adjustment commands to each UE in LEO scenarios, which will introduce significant signaling overhead. Actually if propagation delay is larger, even frequent TA command is not sufficient to compensate the TA change due to TA indication delay in higher SCS configuration.
[bookmark: _GoBack]If UE is able to do autonomous TA acquisition and compensation, UL timing maintenance can be relying on open-loop TA compensation. Then close-loop TA indication is just used for the adjustment of UE calculation error. Since GNSS capability and timing compensation are assumed for Rel-17 WI, we think UE autonomous TA compensation is feasible and also important, which effectively relieves the burden of TA indication. In other words, Rel-17 NTN should support close-loop and open-loop TA compensation both.
Observation 1: In LEO scenario, gNB has to frequently send TA commands to the UE if merely based on closed-loop TA adjustment, which will introduce huge signaling overhead.
Observation 2: Open-loop TA compensation is necessary to relieve TA indication burden. 
Proposal 2: Both open-loop and close-loop methods should be supported for TA maintenance in UL transmission of NTN.

Full TA and UE-specific differential TA
In the SI stage, TA compensation based on full TA and UE specific differential TA had been discussed. In Figure 1, one TA calculation in the transparent (bent-pipe) payload case is illustrated.
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Figure 1: Common reference TA and UE specific differential TA calculation

Implementation procedures of full TA compensation and UE-specific differential TA compensation are described in the following paragraphs.
1) Full TA compensation
As shown in the in Figure 3, full TA=2*(d1+d0_F)/c, c is the speed of light. Based on the assumption of UE with GNSS capability, the TA for service link part can be calculated based on the UE location and satellite ephemeris, while the TA for feeder link part will be indicated by the gNB. Due to unknown Gateway position, UE is hard to track distance variation of the feeder link. Possible solution is to enable timing information indication of feeder link to help UE’s TA calculation; however, frequent indication will increase signaling overhead and complicate UE behavior. 
2) UE-specific differential TA
Compared with the full-TA mode, the UE only needs to compensate for the differential TA, which reduces UE effort. As shown in the figure 3, the differential TA is equal to 2*(d1-d0)/c, and the common TA is equal to 2*(d0+d0_F)/c. A reference point is used to split the common TA and UE specific differential TA. In this method, gNB will compensate the common part TA, based on the position information of reference point, satellite and Gateway. Considering the implementation flexibility, reference point can be set in the satellite or on the earth. If reference point is in the satellite, UE is only required to compensate the service link TA, and gNB compensates the feeder link TA.  
The outstanding drawbacks of full TA may include:
· UE will have to compensate the TA of feeder link, but without accurate information of feeder link delay.
· gNB owns GNSS capability and ephemeris information, but it doesn’t get full utilization in TA compensation.
· Network is required to indicate propagation delay information of feeder link, which will increase larger overhead.

Observation 3: Compensation of full TA would cause additional signaling overhead, and complicate UE behaviors.
Proposal 3: UE only needs to compensate for the UE-specific differential TA.

Timing compensation within a symbol
In traditional timing synchronization, only symbol and frame synchronization are performed, and the sample point synchronization within the symbol is not required. Actually TA adjustment is per slot basis with the best effort, not touching the slot inner or symbol inner. For NTN case, due to always change in the existence of timing drift, phase-rotation within one symbol or between the symbols causes channel estimation degradation and demodulation failure. 
Hence, there are two issues, one is how to get timing drift for service link and feeder link, second is how to compensate the timing error for within a symbol and between the symbols. Regarding the timing compensation with a symbol, there are several options as follows: 
Option 1: UE compensates finer timing variation for DL and UL at symbol and sample point level on top of slot level TA adjustment. 
Option 2: Network compensates finer timing variation for DL and UL at symbol and sample pint level.  
Option 3: UE compensates finer timing variation of the service link, and network compensates finer timing variation of the feeder link.
Because finer timing compensation depends on timing drift information acquisition, then we think option 3 is reasonable, based on the fact that UE is aware of satellite position and timing change based on ephemeris information and GNSS capability, and network has the information of satellite position and gateway position.
	
Proposal 4:  UE compensates finer timing variation of symbol and sample point level of service link, and the network compensate that of feeder link.

Frequency synchronization
In DL signal transmission, due to big Doppler shift in LEO case, the common part of the Doppler shift should be pre-compensated at gNB side to guarantee the performance. From the implementation perspective, gNB can use any positions as the reference point to calculate Doppler shift. UE can calculate the residual Doppler shift based on SSB signal. So DL frequency pre-compensation for satellite Doppler shift should be transparent to UE. 
For the UL frequency compensation, if UE owns location and ephemeris information, the whole UL Doppler shift caused by satellite moving can be calculated at UE side. Not only UE is able to compensate residual frequency error, but also UE can pre-compensate the whole frequency offset. Technically, UE can choose to do partial Doppler shift compensation, full Doppler shift compensation. Different pre-compensation method will be associated with different gNB post-compensation. Hence, it is proposed that gNB should indicate UL post-compensation method to constrain UE implementation.
In handover case, UE has to do the synchronization with target cell. In order to speed-up handover procedure, source cell can indicate the Doppler compensation of target cell in advance. Then UE can transmit preamble signal with pre-compensation in RRC re-connection of target cell.
Proposal 5: UL common Doppler shift compensation information should be indicated to UE, which can be also applied in handover case.  

The close-loop frequency compensation has been proposed in [3]. In this solution, network may estimate the UL residual frequency error and indicate it to UE. But the triggering point is that before UE sends the PRACH to gNB, UE has finished DL synchronization and corrected the frequency error. For Doppler shift and oscillator error, they will be reflected in DL signal. After DL compensation and UE predication based GNSS capability, UE can compensate the UL frequency offset, including the Doppler shift and oscillator. In this sense, the benefit of close-loop frequency compensation is not significant.
Observation 4: The benefit of close-loop UL frequency compensation is not clear.
Propose 6: Close-loop doppler shift compensation is not needed.

Conclusion
In this contribution we discussed potential issues of timing and frequency compensation, and provided technical solutions. The following observations and proposals are provided.  
Observation 1: In LEO scenario, gNB has to frequently send TA commands to the UE if merely based on closed-loop TA adjustment, which will introduce huge signaling overhead.
Observation 2: Open-loop TA compensation is necessary to relieve TA indication burden.  
Observation 3: Compensation of full TA would cause additional signaling overhead, and complicate UE behaviors. 
Observation 4: The benefit of close-loop UL frequency compensation is not clear.

Proposal 1: Increasing the bit width of the TA command is not necessary for the UE with GNSS capability.
Proposal 2: Both open-loop and close-loop methods should be supported for TA maintenance in UL transmission of NTN.
Proposal 3: UE only needs to compensate for the UE-specific differential TA. 
Proposal 4: UE compensates finer timing variation of symbol and sample point level of service link, and the network compensate that of feeder link.
Proposal 5: UL common Doppler shift compensation information should be indicated to UE, which can be also applied in handover case.  
Propose 6: Close-loop doppler shift compensation is not needed.
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