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Introduction
In RAN1#102-e, the following agreements were achieved. 
	Agreement in RAN1#102-e
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)


As a recommendation from the moderator, the following discussion on RAN1#103-e was encouraged.
· Whether indication of the pre-compensated Common Frequency Offset on DL transmissions is needed or can be transparent to the UE
· Whether in case of Common Frequency Offset pre-compensation on DL transmissions by the gNB, the gNB shall perform post-compensation on UL transmissions.
In this contribution, we will provide further discussion on 
· The TA margins
· Post-compensation on UL transmission at the NW side
· [bookmark: _Hlk54103511]Indication of the pre-compensated common frequency on DL 

Discussion
[bookmark: _Hlk54017963]The TA margins
In NTN, a UE shall apply the UE autonomous TA to the preamble transmission. However, when the UE overestimates the TA value, NW cannot correct the UL timing due to a lack of negative values in the TA command field of RAR.
Figure 1 shows the estimation range of the UE autonomous TA assuming the UE uses an unbiased estimator, i.e., the mean value of its estimation is on the targeted RO. Since uncertainty exists, the UE may have half of the chance to overestimate the TA value, as a result, to send the preamble too early for NW to receive after the targeted RO.
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[bookmark: _Ref53752835]Figure 1: uncertainty in the UE autonomous TA estimation
Without any change at the NW side, e.g., a time shift for the preamble receiving window, a biased estimator may be used for the initial TA estimation. Figure 2 shows the concept of using a biased estimator, in which the mean of the estimation has been shifted by a given value to prevent some chances of overestimation. 
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[bookmark: _Ref53753411]Figure 2: the concept of introducing the TA margin
In RAN1#103-e, companies proposed to introduce the TA margin by using the ½ CP length from the selected PRACH preamble. In Figure 3, UE shall ensure the PRACH transmission will be located within the CP duration, therefore ½ CP length of the selected PRACH preamble would be a good target for the mean of the autonomous TA estimation. If all UEs can manage to do this, i.e., to ensure the transmitted preamble can allocate within the CP duration, there is no need for NW to correct UL timing by the following Timing Advance Command in MAC RAR.
[bookmark: _Toc54338140]If UE could ensure the PRACH transmission would be located within the CP duration, there is no need for NW to correct UL timing via Timing Advance Command in MAC RAR. 
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[bookmark: _Ref54010415]Figure 3: TA margin based on the cyclic-shift prefix (CP)
In Rel-16 NR, the maximum timing advance which can be compensated during initial access is calculated in Table 1. As shown in the table, the maximum CP length for PRACH preambles is 684 , but the maximum TA compensated is up to 2ms. The reason behind this is the use of multiple FFT windows as the preamble receiving window.
[bookmark: _Ref54167700]Table 1: Maximum timing advance compensated during initial access for different SCS
	
	
	Maximum timing advance compensated during initial access

	0
	15
	2ms

	1
	30
	1ms

	2
	60
	0.5ms

	3
	120
	0.27ms

	4
	240
	0.15ms


Figure 4 shows an example of the preamble receiving window by multiple FFT windows. Under this assumption, UE shall have a larger TA margin, e.g., ½ maximum timing advance compensated than the TA margin of ½ CP length.
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[bookmark: _Ref54010982]Figure 4: TA margin based on the maximum TA compensated during initial access
[bookmark: _Toc54338141]The TA margin shall consider maximum timing advance compensated during initial access for different SCS.

Post-compensation on UL transmission at the NW side
We prefer pre-compensation and post-compensation cannot be decoupled, e.g., it is not likely that NW only supports the pre-compensation for the DL, but not supporting the post-compensation for the UL. This is because when NW enables the pre-compensation for sending Synchronization Signal Block (SSB) in a serving cell, UE cannot estimate the absolute Doppler frequency shift for the PRACH transmission based on the received SSB. 
One may argue that the absolute Doppler shift may be estimated via GNSS and ephemeris, however, the DL reference signal would be useless for frequency tracking. Since the pre-compensation is essential for the robust DL synchronization, we assume that the post-compensation at the NW side is unavoidable.
[bookmark: _Toc54338142]Frequency post-compensation on UL transmission at the NW side shall be the baseline. 

Indication of the pre-compensated common frequency on DL
if the post-compensation common frequency is applied by NW, UE may need to calculate the residual UL frequency offset (maybe around + or - 4ppm at most) for the PRACH transmission. The residual UL frequency refers to the Doppler shift difference between the common UL Doppler shift and the UE-specific Doppler shift. Note that even if the UE can estimate the UE-specific Doppler shift including the impacts from both the service and the feeder link, UE may still have difficulty estimating the residual UL frequency without knowing the post-compensation common frequency used at the NW side. 
If we assume the estimated DL Doppler shift can be applied to the UL transmission, then the post-compensation common frequency could be provided by indication of the pre-compensated common frequency on DL.  
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[bookmark: _Ref29463433]Figure 5: Illustration of the Doppler frequency shift components for UL transmission.
In Figure 5, we visualize the Doppler frequency shift components for the PRACH transmission. For the PRACH, UE experiences the full Doppler frequency shift (F_full) caused by the feeder link (f1) and the service link (f2). The value of F_full can be taken apart into the cell-specific common part (F_com) and the UE-specific differential part (F_ue), i.e., F_full = f1 + f2 = F_com + F_ue, where 
· for the common part (F_com), it composes the impact of the feeder link (f1) and the service link to the beam center (f3), i.e., F_com = f1 + f3;
· for the differential part (F_ue), it presents a gap between the Doppler frequency shift of the service link (f2) and that of the service link to the beam center (f3), e.g., F_ue = f2 - f3.
To recap, UE may need to pre-compensate F_full if the post-compensation is applied at the NW side. However, only f2 can be estimated by UE with GNSS and ephemeris. Hence, NW may provide additional information for f1 and f3.
[bookmark: _Toc54338143]An indication of the pre-compensated common frequency on DL shall be the baseline.

Conclusion
In this contribution, we have the following observations
Observation 1	If UE could ensure the PRACH transmission would be located within the CP duration, there is no need for NW to correct UL timing via Timing Advance Command in MAC RAR.
Based on these observations, we have the following proposals
Proposal 1	The TA margin shall consider maximum timing advance compensated during initial access for different SCS.
Proposal 2	Frequency post-compensation on UL transmission at the NW side shall be the baseline.
Proposal 3	An indication of the pre-compensated common frequency on DL shall be the baseline.
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