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1. Introduction
In RAN4#98-e meeting, the NTN RRM timing related requirements were discussed and a way forward was agreed in [1]. In this contribution, we further discuss the NTN timing related requirements. 
2. Discussion
2.1. NTN UE UL timing requirements
Issue 1: For NTN networks, RAN4 is to study how to define the timing requirements:
Agreement in RAN4#98-e meeting:

· Option 1: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:

· UE self-estimating error of NTA is counted into the UE transmit timing error.

· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.

· Option 2: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:

· UE self-estimating error of NTA will be counted into the timing advance adjustment accuracy.

· UE transmit timing error is derived from the UE capability of estimating downlink timing

· Option 3: Define the requirements on UE transmit timing error limit, UE self-estimating accuracy of NTA and timing advance adjustment accuracy, provided that:

· UE transmit timing error is derived from the UE capability of estimating downlink timing

· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.

· UE self-estimating accuracy is derived from the accuracy of UE GNSS-acquired position and the serving satellite position 

· Other option is not precluded
We prefer Option 3 to define a new requirement for UE self-estimating accuracy. Considering the application scenario, the ‘timing advance adjustment accuracy’ requirement is used when UE receiving a timing advance command, while the ‘UE self-estimating error’ requirement should be captured from the initial transmission, before receiving the TA command, which is similar as ‘UE transmit timing error Te’ requirement. However, considering of requirement conception, the existing ‘UE transmit timing error Te’ is mainly caused by UE DL estimation error, while the ‘UE self-estimating error’ is affected by GNSS accuracy and PVT information accuracy. Therefore, we prefer to define a new requirement for UE self-estimating accuracy. Capture the ‘UE self-estimating error’ into the ‘UE transmit timing error’ is also acceptable to us, but Te value should be further investigated.
In addition, the UE self-estimating TA is represented by NTA,UE-specific in RAN1#104e-meeting, maybe it is better to use same parameter in RAN4 to avoid misunderstanding.
Proposal 1: We support Option3 to define a new requirement for UE self-estimating accuracy. Option1 is also acceptable to us.
2.2. NTN UE transmit timing requirements
Issue 2: Te: Timing Error Limit:
Agreement in RAN4#98-e meeting:

· The impact due to DL timing estimation, use existing Te requirements defined in TS 38.133, Table 7.1.2-1, as baseline for R17 NR NTN

· RAN4 is to further investigate whether other aspects have impact on the Te requirements for R17 NR NTN

· FFS: NTN timing compensation accuracy has impact on Te timing error requirements for CONNECTED mode. FFS for IDLE mode.

This issue is partially related with issue 1. If Option3 is agreed in issue1, then we can reuse the existing Te requirements defined in TS 38.133, Table 7.1.2-1. If Option1 is agreed in issue1, then Te requirements should cover the UE-self estimation error, the value of original Te should be re-evaluated considering of GNSS error and PVT error.
Proposal 2: 

· If Option1 is agreed in issue1, then Te requirements should cover the UE-self estimation error;
· If Option3 is agreed in issue1, then we can reuse the existing Te requirements defined in TS 38.133, Table 7.1.2-1, which is our preference.
Issue 3: 𝑁TA offset:

Agreement in RAN4#98-e meeting:

· FFS on whether the existing 𝑁TA offset value defined in Table 7.1.2-2 in TS38.133 can be reused or not
The existing 𝑁TA offset value includes FDD/ TDD duplex mode and with/without LTE-NR coexistence scenario. RF session decided to use S-band and L-band in NTN in last meeting, which are both FDD band. However, in this period, we could not exclude the TDD band since HAPS also included in WID. Besides, whether we need a 𝑁TA offset value in FR2 can be studied after RF session making the corresponding agreement. We propose to use the existing NTA_offset value as a baseline, and further update the table based on real deployment scenario.
Proposal 3: Use the existing NTA_offset value as a baseline, and further update the table based on real deployment scenario.
Issue 4: Gradual timing adjustment:
Agreement in RAN4#98-e meeting:

· RAN4 is to study the gradual timing adjustment rules for NR NTN including:
· Tq (Maximum Autonomous Time Adjustment Step)

· Tp (Minimum Aggregate Adjustment rate)

In Rel-16, Tq and Tp mainly consider the gradual DL timing drift caused by UE movement and frequency error. In R17 NTN scenario, the moving satellite will also cause DL timing drift, the worst-case is LEO transparent payload scenario, the maximum delay variation as seen by the UE is up to ±40µs/sec≈79Tc/ms. Besides, the max speed of UE movement in NTN scenario is different with TN scenario. The max timing drift caused by UE movement (typical speed), satellite movement and frequency error are listed as in Table 1.
Table 1: Maximum timing drift in NTN scenario

	Factors
	Time drift

	Frequency error
	[0.1]PPM

	Time drift due to frequency error
	[20]ns

	Supported max speed of UE movement
	30km/h
	250km/h
	500km/h(high speed train)
	1200km/h(aircraft)

	Time drift due to UE movement per [200]ms
	5.6ns
	46.3ns
	92.6ns
	222.2ns

	Max Time drift due to satellite movement per [200]ms
	8000ns(40µs/s*0.2s*1000)

	DigRF error
	1.5Ts

1.5Ts

	Total time drift
	248Ts
	249.3Ts
	250.7 Ts
	254.7 Ts


Base on above calculation, the max total time drift is about [255]Ts per 200ms, which is about 20 times the existing Tq. From our point of view, 200ms is too long to reflect the timing drift and UE gradual timing adjustment ability in NTN scenario. We propose to shorten the time unit from 200ms to 50ms, 40ms or 20ms, the specific value can be further discussed.
Proposal 4: In FR1, The maximum aggregate adjustment rate shall be Tq per Xms, Tq value use [255/200*X]*64*Tc as the baseline, a candidate set of X can be [50ms, 40ms, 20ms], the specific value can be further discussed
2.3. Timing advance
Issue 5: TA adjustment accuracy requirement

Agreement in RAN4#98-e meeting:

· Timing Advance adjustment accuracy requirement depends on the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget.

· FFS: Timing Advance adjustment accuracy scales inversely proportional to SCS

· FFS: whether UE specific TA estimation accuracy has impact on timing advance adjustment accuracy requirements.
This issue is partially related with Issue1. 
The existing timing advance adjustment accuracy requirement depends on the UL sampling interval, if Option3 is agreed in issue1, then we can reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133. 
If Option1 is agreed in issue1, then Te requirements should cover the UE-self estimation error, the value of original UE should be re-evaluated considering of GNSS error and PVT error. We do not support this way, because this parameter reflects the TA adjustment accuracy instead of TA accuracy.
Proposal 5: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
Issue 6: UE specific TA estimation accuracy requirement
Agreement in RAN4#98-e meeting:

· RAN4 is to define the requirements for UE specific TA estimation accuracy

· FFS on how to capture the UE specific TA estimation accuracy

· Option 1: the UE specific TA estimation accuracy is counted into the UE transmit timing error requirement

· Option 2: the UE specific TA estimation accuracy is counted into the timing advance adjustment accuracy requirement

· Option 3: the UE specific TA estimation accuracy is defined as a separate accuracy requirement

· Other option is not precluded
It is a same issue with issue 1. We support Option 3, Option1 is also acceptable to us.
3. Conclusion

In this contribution, we discuss the NTN timing requirements and provide our proposals. The proposals are:
Proposal 1: We support Option3 to define a new requirement for UE self-estimating accuracy. Option1 is also acceptable to us.
· Proposal 2: 

· If Option1 is agreed in issue1, then Te requirements should cover the UE-self estimation error;

· If Option3 is agreed in issue1, then we can reuse the existing Te requirements defined in TS 38.133, Table 7.1.2-1, which is our preference.
Proposal 3: Use the existing NTA_offset value as a baseline, and further update the table based on real deployment scenario.
Proposal 4: In FR1, The maximum aggregate adjustment rate shall be Tq per Xms, Tq value use [255/200*X]*64*Tc as the baseline, a candidate set of X can be [50ms, 40ms, 20ms], the specific value can be further discussed
Proposal 5: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
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