[bookmark: _Hlk41145946]3GPP TSG-RAN WG4 Meeting # 101-bis-e      	R4-2200805
Electronic Meeting, January 17-25, 2022

Agenda Item:	6.13.5.4
[bookmark: _Hlk41145958]Source: 	CMCC
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: _Hlk41145953]Title: 			 Discussion on NTN timing requirements
Document for:	Discussion
1. Introduction
In RAN4#101-e meeting, the NTN timing requirements were discussed and a way forward was agreed in [1]. In this contribution, we continue discussing the NTN timing related issues. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1. UE specific TA estimation
UE behaviour related issues
	Issue 2-1-1: Whether to define the update periodicity for UE specific TA estimation?
Issue 2-1-2: Whether to define UE behaviour related to updating rate for UE specific TA estimation?
Issue 2-1-3: UE behaviour on UE specific TA updating before applying TA adjustment


All the above three issues are related with UE specific TA estimation/updating. Not defining UE specific TA estimation/updating related UE behavior and requirements is ok for us, as long as UE can meet the timing requirements. 
Proposal 1: Do not define UE specific TA estimation/updating related UE behavior and requirements, as long as UE can meet the timing requirements.
2.2. Initial transmit timing error requirements
Issue 2-2-10: The clarification on reference time. 
Agreement in RAN4#100-e meeting:
· The time reference for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc.
Agreement in RAN4#101-e meeting:
· Reuse the RAN1 definition of  for RAN4 requirement, i.e.,  is UE self-estimated TA to pre-compensate for the service link delay.
In RAN4 requirements definition, the time reference for the UE transmit timing control requirement shall be ideal time of expected UL transmission, which is the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc according to the above agreement. 
[image: ]
Figure 1. Interpretation of time reference for the UE transmit timing control requirement
However, there are two properties of NTA,UE-specific and NTA,common. First, both parameters are estimated or calculated by UE. Second, as mentioned by Qualcomm, the parameters are time-varying.
For the first property, since RAN4 had achieved the consensus that Te_NTN covers Te_GNSS and Te_SAT, the NTA,UE-specific and NTA,common in green highlight in Figure 1 should be ideal value, no estimation or calculation error will be included.
For the second property, only if define the reference time of NTA,UE-specific and NTA,common, the expected UL transmission timing will be a static value which can be used in RAN4 requirements definition and test. We support to use the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
Proposal 2: 
The reference timing for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc
· Reuse the RAN1 definition of NTA,UE-specific and NTA,common for RAN4 requirement
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
2.3. [bookmark: _Hlk83889987]UE gradual timing adjustment requirements
Issue 2-3-1: The principles for defining gradual timing adjustment requirement
· Option 1:
· Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
· FFS the following additional principles for defining gradual timing adjustment requirement
·  Principle A: The design principle for gradual timing adjustment requirement is:

·  Principle B: An NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
·  Principle C: The UE performs autonomous timing adjustment according to the common TA drift, the downlink timing drift and the update of UE specific TA.
· Option 2: 
· The principle for gradual timing adjustment requirement depends on RAN1/2 design of how gNB pre-compensate for the feeder link delay. If gNB can pre-compensate for the feeder link delay change and the transmit timing on satellite is unchanged, gradual timing adjustment requirement can be reused. Otherwise, the rate of gradual timing adjustment requirement can be updated.
· Option 3:
· When UE has performed UE pre-compensation for UE-specific TA, the amount of gradual timing adjustment should be clarified.
· In NTN, gradual timing adjustment requirement can be replaced by UE specific TA requirement, which can be verified by the timing error limit Te,NTN.
· Option 4:
· NTN gradual timing adjustment requirement should be the same as the current gradual timing adjustment requirement with the following modifications:
· [bookmark: _Hlk91086122] The time reference for the gradual timing adjustment requirement follows the same definition of the time reference for UT initial transmit timing error requirement, i.e. UE autonomous TA adjustment due to updates of satellite position prediction and feeder link time drift shall be accounted for in the definition of reference timing not in the number of samples for the allowed gradual timing adjustment.
·  To resolve an uncertainty on the amount of additional TA adjustment due to UE position estimation, the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
·  The requirement applies only to a stationary UE.
·  The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
First of all, in current specification, the gradual timing adjustment requirement is used to follow the DL timing drift, in order to limit the transmission error within Te.
	[image: ]


Hence, same analysis as Issue 2-2-10 above, the reference timing for the gradual timing adjustment requirement should follow the same definition and side conditions as the reference timing for UL initial transmit timing error requirement. 
Proposal 3: 
The reference timing for the gradual timing adjustment requirement shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc
· Reuse the RAN1 definition of NTA,UE-specific and NTA,common for RAN4 requirement
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
Following the above reference timing definition, we think both Option 1 and Option 3 are valid principles for defining gradual timing adjustment requirement. Meanwhile, they are capable of resolving “double correction issue”. 
For Option 1, UE follows the timing change/drift by using the updated requirement and revisited reference timing. There are two compositions of timing change/drift. One is timing drift in BS frame timing, the other is timing drift caused by propagation delay variation, such as UE movement, satellite movement and so on.
Considering of BS frame timing drift, the direction of gradual timing adjustment and the direction of DL timing drifting should keep the same. The adjustment can be addressed by using UL sampling period.
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Considering of timing drift caused by propagation delay variation, the direction of timing adjustment and the direction of DL timing drifting should keep opposite.
[image: ]
Although different reason of DL timing drift will lead to different UE adjustment direction, there is no need to differentiate the specific reason when we define the requirement, the worst case is enough. As for how to calculate the Tq and Tp，Principal A can be a baseline, the applied NTN topology should be considered as well. 
Because UE compensate the propagation delay variation through gradual timing adjustment, this variation will not be covered by NTA, therefore, no double correction issue will be caused.
As for Option 3, in our interpretation, Option 3 can the achieve the same goal as Option 1 but skipping the explicit adjustment procedure and requirement in the specification. The pros is no need to further consider NTN topology and the principle for defining Tp/Tq/rate in the core part. The cons is new kind of test case should be introduced, for testing UE can guarantee that the error of subsequent transmissions can be limited in Te_NTN.
Proposal 4:
There are two alternatives for defining gradual timing adjustment requirement and addressing the “double correction issue”:
· Alt 1: Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
· Alt 2: Replace the gradual timing adjustment requirement by UE specific TA requirement, limiting the error between the subsequent UL transmissions and reference timing within Te_NTN.
Gradual timing adjustment definition related issues, i.e. Tp, Tq, rate
	Issue 2-3-2: UE behaviour for gradual timing adjustment for NTN UE
· Option 1: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Option 3: For NTN network, RAN4 needs to study whether to define respective gradual timing adjustment requirements for estimated TA updating and downlink timing drift.
Issue 2-3-3: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
· Option 1: Yes, RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, MEO, LEO, etc.
· Option 2: No
· RAN4 to define the same gradual timing adjustment requirements for different NTN topologies.
· The requirement applies to GEO, i.e. NTN UE is tested under GEO environment, unless the benefit of testing the UE in non-GEO mode is justified and the framework is further clarified in terms of how to differentiate DL reception timing drift due to satellite position change from the drift due to some other reason.
Issue 2-3-4: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: Yes
· RAN4 sends LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO (Apple)
· Option 2: No
· Option 3: FFS
Issue 2-3-5: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: Yes
· If gNB can’t pre-compensate for the feeder link delay change to make transmit timing on satellite is unchanged, the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN. (CATT, CMCC, Ericsson, ZTE)
· Option 2: No
Issue 2-3-6: The gradual timing adjustment requirement
· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
· The minimum aggregate adjustment rate shall be Tp_NTN per [X]ms.
· FFS whether X can be different for different types of satellites, altitude, etc
· The maximum aggregate adjustment rate shall be Tq_NTN per [Y]ms.
· FFS whether Y can be different for different types of satellites, altitude, etc
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[Z1]*64*Tc
	[Z1]*64*Tc

	
	30
	[Z2]*64*Tc
	[Z2]*64*Tc

	
	60
	[Z3]*64*Tc
	[Z3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


· FFS whether Z1-Z3 can be different for different types of satellites, altitude, etc 
Issue 2-3-7: For GEO scenarios, whether the existing gradual timing adjustment requirement can be applied
· Option 1: Yes
· Option 1a: 
· Yes, but the current requirement shall be extended by [X]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error, e.g. X=10 and the effective UE position error with respect to service link=50m x cos(10deg).
· Option 2: FFS


In our view, these issues are valid only if Alt 1 in Proposal 4 is used to define the gradual timing adjustment requirement. Furthermore, Issue 2-3-2/3/4/5/7 should be investigated first, and then we can derive the specific value in Issue 2-3-6.
For Issue 2-3-2, We think Option 2 is the right way. UE will perform the timing adjustment according to the downlink reception timing drifting, this drifting combines both BS frame timing drift and propagation delay variation (UE specific TA changing and NTA,common changing). Besides, the conclusion of Issue 2-3-2 will only be used to define the Tp/Tq value in the requirement, it won’t limit UE implementation.
For Issue 2-3-5, we think the feeder link timing drift should be considered in the gradual timing adjustment requirement. In RAN1’s design, the timing synchronization point can be any point on the feeder link, so	gNB can’t always guarantee that transmit timing on satellite is unchanged.
For Issue 2-3-3, Option 1 and Option 2 with the first bullet are both fine for us.
For Option 1, if NTN topology is GEO, then the gradual timing adjustment requirements should be calculated with the following assumption:
· the maximum delay variation for the round trip delay should be considered for Tq_NTN
· the maximum propagation delay variation due to UE movement should be considered for Tq_NTN
· the current requirement for Tp can be reused for Tp_NTN
Tq_NTN can be calculated as follows:
Table 1: Maximum timing drift in NTN GEO 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
	0ns

	DigRF error
	1.5Ts

	Total time drift
	2.3Ts
	3.5Ts
	5 Ts
	9 Ts


Since aircraft can be supported by GEO scenario, we propose Tq_NTN is 9Ts.
For GEO topology, we propose the gradual timing adjustment requirements as follows:
1. The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
2. The minimum aggregate adjustment rate shall be Tp_NTN per second.
3. The maximum aggregate adjustment rate shall be Tq_NTN per 200 ms.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	9*64*Tc
	5.5*64*Tc

	
	30
	9*64*Tc
	5.5*64*Tc

	
	60
	9*64*Tc
	5.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


For Option 1, if NTN topology is LEO, then the gradual timing adjustment requirements should be calculated with the following assumption:
· the maximum delay variation for the round trip delay should be considered for Tq_NTN 
· the maximum propagation delay variation due to UE movement should be considered for Tq_NTN
Tq_NTN can be calculated as follows:
Table2: Maximum timing drift in NTN LEO 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

	Total time drift
	248Ts
	249.3Ts
	250.7 Ts
	254.7 Ts


Since aircraft is possibly supported by LEO scenario, we propose Tq_NTN is about [255]Ts per 200ms.
Tp_NTN depends on minimum timing drift due to satellite movement, we would like to have further study.
For LEO topology, we propose the gradual timing adjustment requirements as follows:
1. The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
2. The minimum aggregate adjustment rate shall be Tp_NTN per [1000/X]ms.
3. The maximum aggregate adjustment rate shall be Tq_NTN per [200/X] ms.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[255/X]*64*Tc
	[Z1]*64*Tc

	
	30
	[255/X]*64*Tc
	[Z2]*64*Tc

	
	60
	[255/X]*64*Tc
	[Z3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


For Option 2, if a common requirement will be used for different topologies, we propose following assumptions:
· Tq_NTN is calculated with the assumption of LEO topology
· the maximum delay variation for the round trip delay should be considered
· the maximum propagation delay variation due to UE movement should be considered
· Tp_NTN is calculated with the assumption of GEO topology
According to these assumptions, we propose the gradual timing adjustment requirements for all topologies as follows:
1. The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN.
2. The minimum aggregate adjustment rate shall be Tp_NTN per second.
3. The maximum aggregate adjustment rate shall be Tq_NTN per [200/N] ms.
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[255/N]*64*Tc
	5.5*64*Tc

	
	30
	[255/N]*64*Tc
	5.5*64*Tc

	
	60
	[255/N]*64*Tc
	5.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


Proposal 5:
· For GEO topology, the gradual timing adjustment requirement:
· the maximum delay variation for the round trip delay should be considered for Tq_NTN
· the maximum propagation delay variation due to UE movement should be considered for Tq_NTN
· the current requirement for Tp can be reused for Tp_NTN
· X=1000ms
· Y=200ms
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	9*64*Tc
	5.5*64*Tc

	
	30
	9*64*Tc
	5.5*64*Tc

	
	60
	9*64*Tc
	5.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


· For LEO topology, the gradual timing adjustment requirement:
· the maximum delay variation for the round trip delay should be considered for Tq_NTN 
· the maximum propagation delay variation due to UE movement should be considered for Tq_NTN
· Y=200/N ms
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[255/N]*64*Tc
	[Z1]*64*Tc

	
	30
	[255/N]*64*Tc
	[Z2]*64*Tc

	
	60
	[255/N]*64*Tc
	[Z3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


· For all kinds of NTN topologies, the common gradual timing adjustment requirement:
· Tq_NTN is calculated with the assumption of LEO topology
· the maximum delay variation for the round trip delay should be considered
· the maximum propagation delay variation due to UE movement should be considered
· Tp_NTN is calculated with the assumption of GEO topology
· X=1000ms
· Y=200/N ms
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[255/N]*64*Tc
	5.5*64*Tc

	
	30
	[255/N]*64*Tc
	5.5*64*Tc

	
	60
	[255/N]*64*Tc
	5.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211



2.4. TA adjustment accuracy requirements
For TA adjustment accuracy requirements, we should only focus on the adjustment error regardless of whether the UE specific TA is changed or not. Therefore, the existing timing advance adjustment accuracy requirements defined in TS 38.133 can be reused.
However, in test case, if UE specific TA or NTA,common is changed during TAC application time, and network doesn’t know the latest UE specific TA, then there will be misalignment between network and UE. Therefore, we propose to use GEO topology to keep UE specific TA and NTA,common unchanged during TA adjustment accuracy requirement tests. 
Proposal 6: UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
Proposal 7: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
Proposal 8: Use GEO topology as the assumption during TA adjustment accuracy requirement tests.
3. Conclusion
In this contribution, we discuss the NTN timing requirements and provide our proposals. The proposals are:
Proposal 1: Not to define UE specific TA estimation/updating related UE behavior and requirements, as long as UE can meet the timing requirements.
Proposal 2: 
The reference timing for the UE transmit timing control requirement shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc
· Reuse the RAN1 definition of NTA,UE-specific and NTA,common for RAN4 requirement
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
Proposal 3: 
The reference timing for the gradual timing adjustment requirement shall be the downlink timing of the reference cell minus (NTA+NTA,UE-specific+NTA,common+NTA,offset) ×Tc
· Reuse the RAN1 definition of NTA,UE-specific and NTA,common for RAN4 requirement
· The NTA,UE-specific and NTA,common should be ideal value, no estimation or calculation error will be included.
· Reference timing for NTA,UE-specific and NTA,common is the slot when UL transmission is supposed to arrive at the target satellite based on true satellite position.
Proposal 4:
There are two alternatives for defining gradual timing adjustment requirement and addressing the “double correction issue”:
· Alt 1: Relax the requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate.
· Alt 2: Replace the gradual timing adjustment requirement by UE specific TA requirement, limiting the error between the subsequent UL transmissions and reference timing within Te_NTN.
Proposal 5:
· For GEO topology, the gradual timing adjustment requirement:
· the maximum delay variation for the round trip delay should be considered for Tq_NTN
· the maximum propagation delay variation due to UE movement should be considered for Tq_NTN
· the current requirement for Tp can be reused for Tp_NTN
· X=1000ms
· Y=200ms
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	9*64*Tc
	5.5*64*Tc

	
	30
	9*64*Tc
	5.5*64*Tc

	
	60
	9*64*Tc
	5.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


· For LEO topology, the gradual timing adjustment requirement:
· the maximum delay variation for the round trip delay should be considered for Tq_NTN 
· the maximum propagation delay variation due to UE movement should be considered for Tq_NTN
· Y=200/N ms
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[255/N]*64*Tc
	[Z1]*64*Tc

	
	30
	[255/N]*64*Tc
	[Z2]*64*Tc

	
	60
	[255/N]*64*Tc
	[Z3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


· For all kinds of NTN topologies, the common gradual timing adjustment requirement:
· Tq_NTN is calculated with the assumption of LEO topology
· the maximum delay variation for the round trip delay should be considered
· the maximum propagation delay variation due to UE movement should be considered
· Tp_NTN is calculated with the assumption of GEO topology
· X=1000ms
· Y=200/N ms
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	[255/N]*64*Tc
	5.5*64*Tc

	
	30
	[255/N]*64*Tc
	5.5*64*Tc

	
	60
	[255/N]*64*Tc
	5.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


Proposal 6: UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
Proposal 7: Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
Proposal 8: Use GEO topology as the assumption during TA adjustment accuracy requirement tests.
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«7.1.21 Gradual timing adjustment«

Requirements in this section shall apply regardless of whether the reference cell is on a carrier frequency subject to
CCA or not. ¢

The reference tis

ing shall be (N + Ny ognet) X I, before the downlink timing of the
reference cell. All adjustments made to the UE uplink timing shall follow these rules:<'




