3GPP TSG-RAN4 Meeting #101-bis-e 	R4-2200680
E-meeting, 17th – 25th Jan., 2022
Title:	Further discussion on timing requirements for NR NTN
Source:	Xiaomi
Agenda Item:	6.13.5.4
[bookmark: _GoBack]Document for:	Discussion
1. Introduction
In RAN#101-e meeting, RAN4 had extension discussion on timing related requirements for NR NTN, and the related WF was approved in [1]. In this contribution, we further discuss the timing requirements for NR NTN and provide our proposals.
2. Discussion
2.1 UE specific TA estimation error
	· Issue 2-1-1: Whether to define the update periodicity for UE specific TA estimation?
· Option 1: (Apple, Xiaomi, QC, CMCC, MTK, Huawei, CATT, ZTE, THALES)
· No
· Option 1a: (LGE)
· No, if it is clarified that the decision on this issue is separate from that for issue 2-5-2 (double correction issue) in R4-2120310.
· Option 2: (Ericsson)
· Yes
· Issue 2-1-2: Whether to define UE behaviour related to updating rate for UE specific TA estimation?
· Option 1: (Apple, Xiaomi, OPPO, ZTE, QC, CMCC, MTK, Huawei, CATT, THALES)
· No
· Option 1a: (LGE)
· No, if it is clarified that the decision on this issue is separate from that for issue 2-5-2 (double correction issue) in R4-2120310.
· Option 1b: (Intel)
· No, if the description on UE behaviour is captured in specification.
· Option 2: (Ericsson)
· Yes
· Issue 2-1-3: UE behaviour on UE specific TA updating before applying TA adjustment
· Option 1: (Apple, CMCC, Xiaomi, ZTE, QC, Huawei, CATT, THALES)
· Do not specify UE behaviour on UE specific TA updating before applying TA adjustment.
· Option 1a: (LGE)
· Not specify UE behaviour if it is clarified that the decision on this issue is separate from that for issue 2-5-2 (double correction issue) in R4-2120310.
· Option 1b: (Intel)
· Not specify UE behaviour requirement if the description on UE behaviour is captured in specification.
· Option 2: (Ericsson, Nokia)
· Define UE behaviour on UE specific TA updating before applying TA adjustment.


In previous RAN4 meetings, the update periodicity and the related UE behavior for UE specific TA estimation has been extensively discussed, and according to the email discussion summary in [2], the following UE behaviors related to UE specific TA estimation need to be clarified:
· UE behavior on updating rate for UE specific TA estimation
· UE behavior on UE specific TA updating before applying TA adjustment
RAN1 has introduced the validity duration for satellite ephemeris date, and the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
	Agreement in RAN1#106e:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.
Agreement in RAN1#106b-e:
· The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information
· NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)
· A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 
Agreement in RAN1#107-e:
· NTN validity duration is configured per cell and indicated to the UE in X bits with :
· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240}
· Unit is second
· FFS (to be resolved in current meeting): Additional values for GEO


And in RAN4#101e meeting, it was agreed that the ephemeris information is valid at UE side when the NTN ephemeris validity timer(s) for timing information related parameters is running, and RAN4 requirements and tests are applied only when NTN ephemeris validity timer is running. Thus, once the UE specific TA is estimated based on the latest ephemeris information, UE is not expected to update its UE specific TA estimation during the validity duration. In addition, the error due UE specific TA estimation is accounted into Te requirement and UE autonomous timing adjustment requirement. Thus, there is no need to define the update periodicity and the additional UE behavior for UE specific TA estimation.
For UE behavior on UE specific TA updating before applying TA adjustment, similar views as above, once the UE specific TA is estimated based on the latest ephemeris information, UE is not expected to update its UE specific TA estimation during the validity duration. Thus, there is no need to define UE behavior on UE specific TA updating before applying TA adjustment.
Proposal 1: RAN4 is not to define update rate for UE specific TA estimation.
Proposal 2: RAN4 is not to define UE behavior on updating rate for UE specific TA estimation.
Proposal 3: RAN4 is not to define UE behavior on UE specific TA updating before applying TA adjustment.
2.2 UE autonomous timing adjustment requirement
In legacy TN scenarios, in order to make sure the UL timing follow the DL timing reference, UE is required to adjust autonomously its timing to within Te. The gradual timing adjustment rules, e.g. Tq, Tp are specified to compensate the downlink timing drift due to propagation delay difference. However, in NTN scenario, UE is required to adjust autonomously its uplink timing to compensate not only the downlink timing drift but also the propagation delay variant for service link and feeder link. 
RAN1 has agreed to introduce the timing drift to compensate the propagation delay variant for common TA, thus, the timing drift for common TA should not be considered in UE autonomous timing adjustment requirement.
	Agreement in RAN1#106bis-e:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
Agreement in RAN1#107-e:
Confirm the Working assumption on granularity and bits allocation for Common TA parameters: Value range, granularity and bits allocation of Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation are as follows:
	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	
	26 bits

	TACommonDrift
	- 261935… + 261935
(i.e: --53.33   … +-53.33 ) 
	
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 )
	
	15 bits

	· Value ranges are given in unit of corresponding granularity





For UE specific TA, as discussed in RAN4#101e meeting in [3], it was agreed that the “double correction” issue is addressed in RAN4 requirements. And we think it is reasonable to define one single set of gradual timing adjustment requirements to incorporate the legacy downlink timing drift and UE specific TA change, since UE performs its uplink timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 4: RAN4 is to define one single set of gradual timing adjustment requirements to incorporate the legacy downlink timing drift and UE specific TA change.
Proposal 5: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
As mentioned above, UE is configured with the timing drift parameters to compensate the feeder link propagation delay variant, thus, there is no need to consider the feeder link timing drift in gradual timing adjustment requirement. And also there is no need to consider the maximum delay variation for the round trip delay in gradual timing adjustment requirement. 
Proposal 6: The feeder link timing drift should not be considered in gradual timing adjustment requirements.
Proposal 7: The maximum delay variation for the round trip delay should not be considered in the gradual timing adjustment requirement in NTN.
Regarding whether to define different gradual timing adjustment requirement for different NTN topologies, we also think it is not necessary to define different gradual timing adjustment requirement for different NTN topologies as the network can configure different value of timing drift parameter for different NTN topologies, e.g. GEO, MEO, LEO.
Proposal 8: RAN4 to define the same gradual timing adjustment requirements for different NTN topologies, e.g. GEO, MEO, LEO.
In legacy requirement, the minimum adjustment rate (Tp) is 5.5Ts/sec and the maximum adjustment rate (Tq) is 5.5Ts/200ms. Since the UE initial transmission error requirement for NTN was agreed to be relaxed compared with legacy Te requirement. Thus, the gradual timing adjustment requirement, e.g. Tp and Tq should be relaxed accordingly based on the legacy gradual timing adjustment requirement. 
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	13.5*64*Tc
	13.5*64*Tc

	
	30
	13.5*64*Tc
	13.5*64*Tc

	
	60
	N.A
	N.A

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



Proposal 9: The gradual timing adjustment requirements for NR NTN UE are specified as follows:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 13.5Ts.
2)	The minimum aggregate adjustment rate shall be Tp_NTN = 13.5Ts per second.
3)	The maximum aggregate adjustment rate shall be Tq_NTN = 13.5Ts per 200 ms.
Where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in Table 1
Table 1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	13.5*64*Tc
	13.5*64*Tc

	
	30
	13.5*64*Tc
	13.5*64*Tc

	
	60
	N.A
	N.A

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



2.3 TA adjustment accuracy
	· Issue 2-4-1: Whether the UE position and satellite position estimation error should be accounted for TA adjustment accuracy requirement.
· Option 1: (QC, LGE, [MTK])
· Yes
· TA adjustment error margin 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: (Apple, CMCC, Ericsson, Xiaomi, Huawei, ZTE)
· UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
· Issue 2-4-23: Application time of TA adjustment
· Agreement:
· RAN4 shall introduce the TA adjustment delay requirement for NTN in TS38.133 if the application time of TA adjustment upon TAC considering newly introduced K_offset and K_mac parameters is specified in RAN1 specification.
· Issue 2-4-34: TA adjustment accuracy requirement in RRC_CONNECTED mode
· Option 1: (Apple, CMCC, Xiaomi, ZTE, Ericsson, Huawei, THALES)
· Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 1a: (MTK)
· TA adjustment accuracy requirement can be defined as the existing timing advance adjustment accuracy requirements defined in TS 38.133 if UE specific TA is not changed.
· Option 1b: (QC, [MTK])
· NTN TA adjustment accuracy requirement should be the same as the current TA adjustment requirements with the following modifications:
· UE autonomous TA adjustment due to updates of UE position estimation, satellite position prediction, and feeder link time drift shall be excluded from the definition of TA adjustment error in response to TAC, i.e. “a relative accuracy to the signalled timing advance value compared to the timing of preceding uplink transmission” shall be modified to not include UE autonomous TA update due to satellite position update and N_{TA,common} update.
· To resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation, TA adjustment error margin 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.
· Option 2: (LGE)
· TA adjustment accuracy should be relaxed depending on updating open loop TA, or RAN4 needs to wait for RAN1 conclusion for the combination of open loop and close loop TA control.
· Issue 2-4-45: Application rule for TA adjustment accuracy requirement
· Agreement:
· The TA adjustment requirements are applied when the UE receives a TA command by network signalling.


Timing advance is to hold the uplink slot boundaries for a given numerology from different UE within a cell are approximately time aligned at the base station side. More specifically, any timing misalignment between different UEs in one cell should be within the CP. Since the UE specific TA estimation error are accounted in Te_NTN requirement and gradual timing adjustment requirement, and it was agreed that the TA adjustment requirements are applied when the UE receives the TA common by network signaling, the UE specific TA estimation error should not be considered in the TA adjustment accuracy requirement. 
Proposal 10: The UE specific TA estimation error should not be accounted in the TA adjustment accuracy requirement.
In NR NTN, the TA is updated by receiving the TA command contained in the MAC CE message and in msg2/msgB, the TAC (TA) is updated in the initial access and in RRC_CONNECTED mode in RAN1 agreements.
	Agreement in RAN1#106e:
· 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 follows:
· When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
·  , FFS: the value of ,

· When TACs ( provided within the MAC CE is received,  is updated as follows:
·  ,



As the legacy TAC is reused in NR NTN timing advance procedure, thus, the legacy NR TA adjustment accuracy requirement can be reused for NTN scenario.
Proposal 11: The legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN scenario.
2.4 The incoming LS R4-2119413
RAN1 has sent a LS [4] on combination of open and closed loop TA control in NTN, and RAN4 agreed that the “double correction” issue can be addressed by RAN4 requirement, and the following two alternatives for further discussion.
· Option 1:
· RAN4 to replace gradual timing adjustment requirement with NTN UE initial timing accuracy requirement, i.e. NTN UE initial timing accuracy requirement applies to all UL transmissions.
· Option 2:
· RAN4 to define a requirement based on the framework of gradual timing adjustment accuracy requirement, e.g. the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates.
· FFS on whether the requirement regulating “double-correction” issue would be a stand-alone requirement
· FFS on whether and how to incorporate the current gradual timing adjustment defined in 7.1.2.1 of TS38.133
· FFS on whether and how to incorporate UE specific change due to satellite position change and feeder link delay change
· FFS on the detailed requirement values and the definition of reference time in terms of UL timing error measurement
As discussed in gradual timing adjustment requirement, since UE performs its uplink timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. And UE cannot decouple the UE specific TA estimation error from the total timing error to be adjusted, thus, the error due to “double correction” should be accounted in gradual timing adjustment requirement. 
Proposal 12: The timing error due to “double-correction” should be accounted in gradual timing adjustment requirement.
3. Conclusion
In this contribution, we further discuss the timing requirements for NR NTN and provide our proposals as follows.
Proposal 1: RAN4 is not to define update rate for UE specific TA estimation.
Proposal 2: RAN4 is not to define UE behavior on updating rate for UE specific TA estimation.
Proposal 3: RAN4 is not to define UE behavior on UE specific TA updating before applying TA adjustment.
Proposal 4: RAN4 is to define one single set of gradual timing adjustment requirements to incorporate the legacy downlink timing drift and UE specific TA change.
Proposal 5: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
Proposal 6: The feeder link timing drift should not be considered in gradual timing adjustment requirements.
Proposal 7: The maximum delay variation for the round trip delay should not be considered in the gradual timing adjustment requirement in NTN.
Proposal 8: RAN4 to define the same gradual timing adjustment requirements for different NTN topologies, e.g. GEO, MEO, LEO.
Proposal 9: The gradual timing adjustment requirements for NR NTN UE are specified as follows:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq_NTN = 13.5Ts.
2)	The minimum aggregate adjustment rate shall be Tp_NTN = 13.5Ts per second.
3)	The maximum aggregate adjustment rate shall be Tq_NTN = 13.5Ts per 200 ms.
Where the maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN are specified in Table 1
Table 1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN
	Tp_NTN

	1
	15
	13.5*64*Tc
	13.5*64*Tc

	
	30
	13.5*64*Tc
	13.5*64*Tc

	
	60
	N.A
	N.A

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



Proposal 10: The UE specific TA estimation error should not be accounted in the TA adjustment accuracy requirement.
Proposal 11: The legacy NR TA adjustment accuracy requirements defined in TS 38.133 can be reused for NTN scenario.
Proposal 12: The timing error due to “double-correction” should be accounted in gradual timing adjustment requirement.
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