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1. Introduction
In RAN4#99-e meeting, the NTN timing requirements were discussed and a way forward was agreed in [1]. In this contribution, we further discuss the NTN timing related issues. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1. NTN UE specific TA estimation error
Issue 1-1: Whether to define a separate accuracy requirement for UE specific TA estimation:
· [bookmark: _Hlk66193900]Option 1: Yes (Intel, NEC, THALES, Ericsson)
· Option 2: No (QC, CATT, Xiaomi, CMCC, LGE, Apple, Huawei, MTK, Ericsson, ZTE)
· FFS the UE specific TA estimation accuracy
Issue 1-2: Whether to define the update rate for UE specific TA estimation
· Option 1: Yes (Intel, CMCC, Ericsson, LGE)
· Option 2: No (CATT, Xiaomi, Apple, Huawei, MTK, Qualcomm, ZTE, THALES)
· Option 3: Under discussion in RAN1 (LGE)
Issue 1-3: Whether to define UE behaviour related to UE specific TA estimation
· Option 1: Defer discussion for specifying UE behaviour related to UE specific TA estimation, and wait RAN1 conclusion (CATT, CMCC)
· Option 2: Specify UE behaviour related to the combination of UE specific TA estimation () and self-estimated TA common () (THALES, Ericsson, Intel)
· Option 3: No need to define UE behavior for UE specific TA estimation as a requirement, as long as UE can meet the timing requirement, i.e., Te/Tq/Tp (Apple, Xiaomi, Huawei, Qualcomm, ZTE)
Agreement in RAN4#99-e meeting:
· Wait RAN1/RAN2 conclusions on UE specific TA pre-compensation reporting to determine whether we need to define separate UE specific TA estimation requirement or not
In RAN1#106-e meeting, RAN1 will discuss the exact content of UE reporting of information about the UE specific TA pre-compensation, and the frequency of UE specific TA pre-compensation information reporting. Basically, we should wait for RAN1’s conclusions and then make the final agreements of Issue 1-1 to Issue 1-3.
For issue 1-1, the separate accuracy requirement for UE specific TA estimation is not testable, so we prefer not to define such requirements. Besides, the UE specific TA accuracy is counted into Te requirements, we think it is redundant to define a separate accuracy requirement.
For issue 1-2, we slightly prefer Option1 to set a lower bound of UE specific TA update frequency, in order to guarantee UE specific TA pre-compensation performance. We are also fine with Option 2 if UE can meet the timing requirements by UE implementation.
Proposal 1: Do not define a separate UE specific TA estimation accuracy requirement.
[bookmark: _Hlk78472704]Issue 1-4: Whether to define a separate accuracy requirement for self-estimated TA common (NTA,common)
· Option 1: Yes (THALES, Ericsson)
· Option 2: No (Apple, Xiaomi, Huawei, Qualcomm, CATT, CMCC, LGE)
[bookmark: _Hlk78472498]Issue 1-5: Whether to define a separate accuracy requirement for the combination of NTA,UE−specific + NTA,common
· Option 1: Yes (THALES, Ericsson)
· Option 2: No (Apple, Xiaomi, Huawei, Qualcomm, CATT, CMCC, LGE)
Based on RAN1’s agreements, NTA,common is a network controlled value, UE self-estimation of NTA,UE−specific is independent from NTA,common value. Therefore, no need to define a separate accuracy requirement for NTA,common and NTA,UE−specific + NTA,common in RRM spec. 
Proposal 2: Do not define a separate accuracy requirement for self-estimated TA common (NTA,common) and the combination of NTA,UE−specific + NTA,common
2.2. NTN UE initial transmit timing requirements
Issue 2-1: The composites should be considered for initial transmit timing requirement in NTN (Te_NTN)
Agreement in RAN4#99-e meeting:
· Option 1: (QC, Xiaomi, Huawei, LGE, ZTE, NEC, CMCC)
· UE position estimation error
· Serving-satellite position estimation error
· The current UE transmit timing error requirement
· Option 1a: (LGE, MTK, Huawei, ZTE)
· GNSS inaccuracy
· The current UE transmit timing error requirement
· Option 1b: (CATT)
· UE position estimation error
· Error calculated by extrapolation from ephemeris data
· The current UE transmit timing error requirement
· Option 2: (Apple)
· legacy Te
· UE specific TA estimation error (without ephemeris uncertainty)
· Option 3: (THALES, Ericsson)
· The accuracy of UE specific TA estimation (N_(TA,UE-specific)) and self-estimated TA common (N_(TA,common)) is counted into the UE transmit timing error requirement.
For the initial transmit timing requirement in NTN, besides of the current UE transmit timing error requirement, UE estimate NTA,UE−specific will introduce extra error to transmit timing. Two factors are related to NTA,UE−specific, which are UE position estimation error(related to GNSS inaccuracy) and serving-satellite position estimation error(related to ephemeris information inaccuracy).
Proposal 3: The following composites should be considered for initial transmit timing requirement in NTN
· UE position estimation error (GNSS inaccuracy)
· Serving-satellite position estimation error (ephemeris information inaccuracy)
· The current UE transmit timing error requirement
Issue 2-2: GNSS position error assumption for Te_NTN
Agreement in RAN4#99-e meeting:
· Option 1: (QC, LGE)
· at least 50m, and further relax up to 100m
· Option 2: (Xiaomi, CATT, THALES, Apple)
· 50m
· Option 3: (CMCC, CATT)
· 50m as the worst case and 20m as the typical case
· Option 4: (MTK, Xiaomi, THALES, NEC, Intel)
· For UL SCS of 15/30 kHz: <= 50 m 
· For UL SCS of 60/120 kHz: <= 30 m
· Option 5: (Apple, LGE, Nokia)
· The worst case: 100m
We propose to use 50m position error for worst-case in order to limit the total timing error. During the discussion in last meeting, most of companies agreed with 50m as the GNSS position error assumption.
However, based on our knowledge, in the civil and commercial use cases, the position error can usually reach 20m. 20m can cover all FR1 and FR2 scenario to guarantee that CP can cover transmit timing error. Therefore, we also support to further enhance the position error decreasing to 20m in the typical case.
Some companies proposed to extend the inaccuracy to 100m for UE power saving. We think power saving is an enhanced feature, which is out of the scope of this work item, it can be considered later.
Table 1: Te for NTN (worst-case)
	[bookmark: _Hlk71553985]Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	(12+[5])*64*Tc=[17]*64*Tc

	
	
	30
	[15]*64*Tc

	
	
	60
	[15]*64*Tc

	
	30
	15
	[13]*64*Tc

	
	
	30
	[13]*64*Tc

	
	
	60
	[12]*64*Tc

	2
	120
	60
	[8.5]*64*Tc

	
	
	120
	[8.5]*64*Tc

	
	240
	60
	[8]*64*Tc

	
	
	120
	[8]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Table 2: Te for NTN (typical-case)
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	(12+[2])*64*Tc=[14]*64*Tc

	
	
	30
	[12]*64*Tc

	
	
	60
	[12]*64*Tc

	
	30
	15
	[10]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[9]*64*Tc

	2
	120
	60
	[5.5]*64*Tc

	
	
	120
	[5.5]*64*Tc

	
	240
	60
	[5]*64*Tc

	
	
	120
	[5]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


Proposal 4: Use 50m position error for worst-case and 20m as the typical case for GNSS position error assumption.
Proposal 5: The revisited Te requirement for NTN can take the following tables as the baseline. Further update the values in bracket squares after achieving the conclusions about GNSS accuracy and PVT accuracy.

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te (worst-case)

	1
	15
	15
	(12+[5])*64*Tc=[17]*64*Tc

	
	
	30
	[15]*64*Tc

	
	
	60
	[15]*64*Tc

	
	30
	15
	[13]*64*Tc

	
	
	30
	[13]*64*Tc

	
	
	60
	[12]*64*Tc

	2
	120
	60
	[8.5]*64*Tc

	
	
	120
	[8.5]*64*Tc

	
	240
	60
	[8]*64*Tc

	
	
	120
	[8]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te(typical-case)

	1
	15
	15
	(12+[2])*64*Tc=[14]*64*Tc

	
	
	30
	[12]*64*Tc

	
	
	60
	[12]*64*Tc

	
	30
	15
	[10]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[9]*64*Tc

	2
	120
	60
	[5.5]*64*Tc

	
	
	120
	[5.5]*64*Tc

	
	240
	60
	[5]*64*Tc

	
	
	120
	[5]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


Issue 2-3: Whether to define general GNSS positioning accuracy requirements? 
Agreement in RAN4#99-e meeting:
· Option 1: (Huawei, Ericsson, Nokia, THALES)
· Yes, it is suggested to define general GNSS positioning accuracy requirements which can be referred for deriving other RRM requirements.
· Option 2: No (Apple, Xiaomi, QC, CATT, CMCC, Intel)
· FFS
The GNSS positioning accuracy is out of RAN4’s scope, it can be defined implicitly in every RRM requirements as the GNSS accuracy assumption. Then whether to assume a general GNSS positioning accuracy is another issue. This issue is under discussion in GNSS-related requirements. We state our view in [2]. It is ok for us to discuss the GNSS accuracy assumption case by case, and finally decide to use the same (the most stringent requirement) or different GNSS accuracy assumption for each GNSS-affected case. In this stage, we think the GNSS accuracy is a UE capacity, use the most stringent requirements seems more reasonable.
Proposal 6: Prefer to use the stringent requirement for all GNSS related RRM requirements.
Issue 2-4: FFS the reference timing for UE initial transmission 
The current wording of the reference timing for UE initial transmission is as below:
	The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.


In NTN scenario, the Timing Advance is (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc as RAN1’s definition. So, the corresponding description should be updated based on NTN TA definition. For example: 
The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.
However, the NTA,UE-specific above usually means the UE evaluated service link TA which contains evaluation error. It should be point out that the NTA,UE-specific is the ideal service link TA. In order to avoid ambiguous, the wording can be further enhanced as follows:
The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific(ideal)+NTA,common+NTA,offset)×Tc. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.
Furthermore, the definition of reference point of TN is also under discussion in NR_IIOT_URLLC_Enhancement work item, the agreements achieved there should also be merged in NTN’s reference point definition.
Proposal 7: The reference timing for UE initial transmission should be revisited considering the following factors:
· TA definition in NTN 
· NTA,UE-specific means the ideal service link TA in reference timing definition
· the reference point definition update in TN
2.3. NTN UE gradual timing adjustment requirements
Issue 3-1: Gradual timing adjustment:
Agreement in RAN4#98bis-e meeting:
· RAN4 to introduce new gradual timing adjustment requirements for NTN network.
· FFS the minimum aggregate adjustment rate: Tp_NTN
· FFS the maximum aggregate adjustment rate: Tq_NTN
Issue 3-2: Whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN?
Agreement in RAN4#99-e meeting:
· Option 1: Yes (Xiaomi, CMCC, Ericsson, Apple, Huawei, QC, Ericsson)
· Option 2: FFS (CATT, MTK, THALES, NEC)
Before discussing issue 3-1, we need to consensus on issue 3-2 first. In our view, the requirement should be strict enough to cover the maximum delay variation of service link. As for the specific value of Tp and Tq in NTN, generally, 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 maximum delay variation scenario corresponds to 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.
[bookmark: _Hlk67044185]Proposal 8: The maximum delay variation of service link should be considered in the gradual timing adjustment requirement
Proposal 9: 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
Issue 3-3: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
Agreement in RAN4#99-e meeting:
· Option 1: Yes (CATT, Xiaomi, Ericsson)
· Option 2: FFS (QC, CMCC, Apple, Huawei, ZTE, THALES, NEC, Intel)
From our views, whether we need to define different gradual timing adjustment requirements for different serving satellites should considering the real deployment scenario, such as whether there is the scenario that UE only work in the GEO or MEO system. If there are no such scenarios, the worst-case (LEO) requirement is enough.
Issue 3-4: The assumptions will be used to define gradual timing adjustment requirements for NTN network
Agreement in RAN4#99-e meeting:
· Option 1: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately. (Huawei, MTK, Ericsson, Xiaomi)
· Option 2: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. (Huawei, Apple, QC, THALES, CMCC, Intel)
UE need to adjust Tx timing drift through Tp and Tq requirements. The downlink reception timing drift and UE specific TA change are both factors for Tx timing drift, which can be adjusted by one adjustment. We did not see the necessity of separating the adjustments.
Proposal 10: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Issue 3-5: The direction of timing adjustment for NTN UE pre-compensation
During last meeting, companies agreed to further discuss the observation in[3], which is “the timing adjustment of NTN UE pre-compensation and TN gradual timing adjustment are in opposite directions”. 
About TN gradual timing adjustment, we check the related description in TS 38.133, we list it as follows for information.
[image: ]
The timing drift directions of TN include both forward and backward. If the direction is forward, then the reference timing may exceed Te, if the direction is backward, then the reference timing may exceed -Te. Besides, the NTA in TN is configured by network, the latest NTA may smaller that older NTA, or may larger than older NTA. UE need to adjust the transmit timing according to the latest NTA, which means that the adjustment due to NTA update also have two directions.
Come to NTN scenario, the Timing Advance is (NTA+NTA,UE-specific+NTA,common+NTA,offset)×Tc. NTA and NTA,common is configured by network, NTA,UE-specific is derived by UE estimation, depends on the movement of UE and satellite. Similar to the NTA in TN, the latest NTA, NTA,common, and NTA,UE-specific may smaller or lager than older value, UE adjustment have two direction either.
Based on above analysis, we think the NTN UE behavior for timing adjustment is same with the TN UE behavior. 
Proposal 11: The NTN UE timing adjustment behavior is same with the TN UE timing adjustment behavior.
2.4. Timing advance adjustment accuracy requirement
Issue 4-1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement? 
· Option 1: Yes (Xiaomi, LGE, Nokia)
· Option 2: Depends on RAN1 design (QC, CMCC, LGE, CATT, CMCC)
· Option 3: No (Apple, Huawei, NEC)
For RRC-Connected mode UE under TN, if UE receive the TA command at UL slot n, the command will be active at UL slot n+k+1, [image: ],the max TA command activation time is about 4ms, the max propagation delay caused by TA command activation is about 160ns≈316Tc, which will impact the TA adjustment accuracy requirement.
For NTN, TA update methodology is discussed in RAN1, the propose is as follows:
	In RRC_CONNECTED state in NR NTN:
· NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as in NR Release 16.
· FFS: Whether some enhancements are needed 
· NTA,UE-specific is updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris
· The UE calculates the NTA,UE-specific (in Tc units) as follows:
· [bookmark: _Hlk78556083]where  is the DL service link delay of the signal to which the UE local time reference is synchronized and  is the UL service link delay of the UL signal to which the UE applies the TA.
· NTA,common is updated autonomously by the UE based on the parameters acquired from SIB 
· FFS: How the UE calculates/update the NTA,common
·  UE always add the accumulated TA command and UE autonomous TA


Based on RAN1’s proposal, the max propagation delay caused by TA command activation can be pre-compensate by NTA,UE-specific since  is the UL service link delay of the UL signal to which the UE applies the TA. RAN1#106-e will continue to discuss the formula to be used for UE-specific TA, RAN4 can decide the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command and TA update methodology.
[bookmark: _Hlk67044195]Proposal 12: Further evaluate the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command and TA update methodology. 
3. Conclusion
In this contribution, we discuss the NTN timing requirements and provide our proposals. The proposals are:
Proposal 1: Do not define a separate UE specific TA estimation accuracy requirement.
Proposal 2: Do not define a separate accuracy requirement for self-estimated TA common (NTA,common) and the combination of NTA,UE−specific + NTA,common
Proposal 3: The following composites should be considered for initial transmit timing requirement in NTN
· UE position estimation error (GNSS inaccuracy)
· Serving-satellite position estimation error (ephemeris information inaccuracy)
· The current UE transmit timing error requirement
Proposal 4: Use 50m position error for worst-case and 20m as the typical case for GNSS position error assumption.
Proposal 5: The revisited Te requirement for NTN can take the following tables as the baseline. Further update the values in bracket squares after achieving the conclusions about GNSS accuracy and PVT accuracy.
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te (worst-case)

	1
	15
	15
	(12+[5])*64*Tc=[17]*64*Tc

	
	
	30
	[15]*64*Tc

	
	
	60
	[15]*64*Tc

	
	30
	15
	[13]*64*Tc

	
	
	30
	[13]*64*Tc

	
	
	60
	[12]*64*Tc

	2
	120
	60
	[8.5]*64*Tc

	
	
	120
	[8.5]*64*Tc

	
	240
	60
	[8]*64*Tc

	
	
	120
	[8]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te(typical-case)

	1
	15
	15
	(12+[2])*64*Tc=[14]*64*Tc

	
	
	30
	[12]*64*Tc

	
	
	60
	[12]*64*Tc

	
	30
	15
	[10]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[9]*64*Tc

	2
	120
	60
	[5.5]*64*Tc

	
	
	120
	[5.5]*64*Tc

	
	240
	60
	[5]*64*Tc

	
	
	120
	[5]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


Proposal 6: Prefer to use the stringent requirement for all GNSS related RRM requirements.
Proposal 7: The reference timing for UE initial transmission should be revisited considering the following factors:
· TA definition in NTN 
· NTA,UE-specific means the ideal service link TA in reference timing definition
· the reference point definition update in TN
Proposal 8: The maximum delay variation of service link should be considered in the gradual timing adjustment requirement
Proposal 9: 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 10: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 11: The NTN UE timing adjustment behavior is same with the TN UE timing adjustment behavior.
Proposal 12: Further evaluate the TA adjustment accuracy requirement after RAN1 achieve the agreement about the timing relationship of TA command and TA update methodology.
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When the transmission timing error between the UE and the refe rence  timing   exceeds   T e   then the UE is required to  adjust its timing to within   T e .   The reference  timing   shall be    before  the d ownlink timing of the  reference cell.   All adjustments made to the UE uplink timing shall follow these rules:  
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