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1. Introduction
In last RAN4 meeting, the timing requirement for NR NTN has been discussed and the conclusions were captured in the WF[1]. However, there are couple of open issues from last meeting, and in this contribution, we continue discussing the timing requirement for NR NTN.
2. UE specific TA estimation error
In [1], there were couple of open issues on UE specific TA estimation error, and we discuss those issues in this section.
	· Whether to define a separate accuracy requirement for UE specific TA estimation
· 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
· 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)
· 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)
· 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
· Whether to define a separate accuracy requirement for self-estimated TA common ()
· Option 1: Yes (THALES, Ericsson)
· Option 2: No (Apple, Xiaomi, Huawei, Qualcomm, CATT, CMCC, LGE)
· Whether to define a separate accuracy requirement for the combination of 
· Option 1: Yes (THALES, Ericsson)
· Option 2: No (Apple, Xiaomi, Huawei, Qualcomm, CATT, LGE)
· It is up to RAN1/RAN2 decision on whether UE should use the referenceTimeInfo-R16 and GNSS-provided time reference to calculate TA at the UE


Regarding the UE specific TA estimation, it was agreed that UE specific TA estimation accuracy is counted into the UE transmit timing error requirement. Since the UE specific TA estimation is based on the RTT derived from UE position and satellite position, the UE specific TA estimation accuracy is up to the GNSS positioning accuracy and ephemeris accuracy. 
Those UE behaviours for UE specific TA estimation, e.g., estimation periodicity, is up to couple factors, i.e., GNSS measurement periodicity, ephemeris update rate, and UE calculation scheme for satellite position. All of those factors are up to UE and network implementation, we do not think it’s necessary 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. On the other hand, the UE specific TA estimation cannot be tested. So, we propose to consider this UE specific TA in the other RRM requirement rather than defining separated UE specific TA estimation requirement.
Proposal 1:
No need to define a separate accuracy requirement for UE specific TA estimation.
No need to define the update rate for UE specific TA estimation.
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.
In RAN1,  is defined as network-controlled common TA, and it may include any timing offset considered necessary by the network. Thus. It’s no need to define UE requirement for common TA acquisition.

Proposal 2:
No need to define a separate accuracy requirement for self-estimated TA common ().
No need to define a separate accuracy requirement for the combination of .
3. UE initial transmit timing requirements
In [1], there were couple of open issues on UE initial transmit timing requirements, and we discuss those issues in this section.
	· The composites should be considered for initial transmit timing requirement in NTN (Te_NTN)
· 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.
· GNSS position error assumption for Te_NTN
· 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
· Whether to define general GNSS positioning accuracy requirements?
· 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
· FFS the reference timing for UE initial transmission



Regarding the Te requirement, it was agreed in RAN1 meeting that,
	Agreement in RAN1 #104bis-e:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity. 
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.

Agreement in RAN1 #105e:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.


To RAN4, since we are discussing the initial transmission requirement, the uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell, and we don’t need to consider K_mac. The legacy Te error mainly consists of DL timing estimation accuracy and UL timing setting accuracy. Now UE specific TA is another error source for Te requirement, and UE specific TA estimation error represents the RTT error between UE and satellite which consists of UE GNSS estimation error and serving-satellite position estimation error. 
Proposal 3: Following composites should be considered for initial transmit timing requirement in NTN:
· UE position estimation error 
· Serving-satellite position estimation error
· The current UE transmit timing error requirement

In TS38.171, the worst case of minimum requirement for GNSS positioning accuracy has been defined as below,
[image: ]
And the GNSS accuracy is defined as below for moving scenario and periodic update when UE can support multiple A-GNSSs.
[image: ]
Since different UE has different GNSS implementations and this NTN WI is not targeted to specify the UE GNSS implementation, we can compromise to use the middle case of GNSS positioning accuracy requirement in TS38.171 (i.e., 50m) as baseline to define the UE timing requirement in NTN.
Proposal 4: use the middle case of GNSS positioning accuracy requirement (i.e., 2-D position error = 50m) in TS38.171 as baseline to define the UE timing requirement in NTN.
Regarding the general GNSS positioning accuracy requirements, we think it’s out of scope for this NTN WI. In RAN4#98bis-e meeting, we agreed that “GNSS accuracy is taken as an assumption to define other requirements. Explicit accuracy requirements are outside the scope of RAN4.” So, we don’t need to define the general GNSS positioning accuracy requirement, but instead we may choose one GNSS positioning accuracy from TS38.171 as a general side condition for NTN RRM requirement design.
Proposal 5: Not to define general GNSS positioning accuracy requirements. RAN4 would choose one GNSS positioning accuracy from TS38.171 as a general side condition for NTN RRM requirement design.
As agreed in RAN1, the ephemeris information could be:
	Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
· FFS: The field size for each parameter
· FFS: The impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported
Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.


The ephemeris information is broadcasted by network and therefore the ephemeris accuracy information is also up to network implementation (how often network update the ephemeris). UE could use the obtained ephemeris information to calculate the satellite position, but RAN1 agreed that orbital propagator model to be used at UE side can be left to implementation. 
Thus, in RAN4 requirement design, the serving-satellite position estimation error is mainly determined by the ephemeris calculation error. The ephemeris calculation error consists of two parts: error from calculation model used by UE and error due to outdated ephemeris information. In RAN1 discussion, the ephemeris calculation error would increase when the prediction time interval becomes larger. We think for UE requirement it makes sense to have serving-satellite position estimation error comparable to UE position estimation error, and therefore we propose that same accuracy value applies for both serving-satellite position estimation error and UE position estimation error in the Te_NTN requirement.
Proposal 6: Serving-satellite position estimation error is determined by the ephemeris calculation error, and RAN4 assumes serving-satellite position estimation error has same value as UE position estimation error in the Te_NTN requirement design.
With GNSS positioning error (proposal 4), the UE position estimation error could be 50 meter, and based on proposal 6, we assume serving-satellite position estimation error as 50 meter as well. UE specific TA estimation accuracy is (50+50)*2/c = 20.48*64*Tc. 
From our perspective, the half CP could be max tolerance for multiple path reception or multiple UE reception on UL to minimize the interference (ISI, ICI). However, in last meeting, other companies propose the max tolerance for reception at network side is much smaller than half CP. We summarized the ratios for legacy Te/CP as below, and in the worst case network could tolerate the Te as high as 27.8%*CP_length in FR1 and 19.4%*CP_length in FR2.
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Legacy Te
	CP length
	Te/CP (%)

	1
	15
	15
	12*64*Tc
	144*64*Tc
	8.3%

	
	
	30
	10*64*Tc
	72*64*Tc
	13.9%

	
	
	60
	10*64*Tc
	36*64*Tc
	27.8%

	
	30
	15
	8*64*Tc
	144*64*Tc
	5.6%

	
	
	30
	8*64*Tc
	72*64*Tc
	11.1%

	
	
	60
	7*64*Tc
	36*64*Tc
	19.4%

	2
	120
	60
	3.5*64*Tc
	36*64*Tc
	9.7%

	
	
	120
	3.5*64*Tc
	18*64*Tc
	19.4%

	
	240
	60
	3*64*Tc
	36*64*Tc
	8.3%

	
	
	120
	3*64*Tc
	18*64*Tc
	16.7%


Considering some UE implementation margin, here we propose to use CP/3 as the cap for Te_NTN for FR1 and CP/5 as the cap for Te_NTN for FR2. Furthermore, the delay spread may impact the real arrival time on the UL as well. In TR38.811, the NTN channel delay spread has been discussed as below,
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Here we use 250ns delay spread for FR1 in minimum requirement while we do not need delay spread for FR2 case. Thus, the max tolerance for multiple path reception or multiple UE reception on UL to minimize the interference (ISI, ICI) could be (CP– 250ns)/3 for FR1 and CP/5 for FR2. The NTN Te requirement with relaxation shall not exceed (CP – 250ns (i.e., 8*64*Tc))/3 for FR1 and CP/5 for FR2 on UL.
Proposal 7: The NTN Te requirement shall not exceed (CP – 8*64*Tc)/3 for FR1 and CP/5 for FR2 on UL.
With proposal 4 and proposal 6, the Te requirement for NTN shall be equivalent to: legacy Te + UE specific TA estimation error, and that is: legacy Te + 20.48*64*Tc. So, based on proposal 7, the Te requirement for NTN shall be defined as:
· FR1 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), (CP– 8*64*Tc)/3}
· FR2 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), CP/5 }
The cap of the Te requirement is summarized as in following table 1.
Table 1. Cap of NTN Te
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Legacy Te
	Legacy Te + 20.48*64*Tc
	(CP- 8*64*Tc)/3 for FR1
	CP/5 for FR2

	1
	15
	15
	12*64*Tc
	32.5*64*Tc
	46*64*Tc
	-

	
	
	30
	10*64*Tc
	30.5*64*Tc
	22*64*Tc
	-

	
	
	60
	10*64*Tc
	30.5*64*Tc
	10*64*Tc
	-

	
	30
	15
	8*64*Tc
	28.5*64*Tc
	46*64*Tc
	-

	
	
	30
	8*64*Tc
	28.5*64*Tc
	22*64*Tc
	-

	
	
	60
	7*64*Tc
	27.5*64*Tc
	10*64*Tc
	-

	2
	120
	60
	3.5*64*Tc
	24*64*Tc
	-
	7.5*64*Tc

	
	
	120
	3.5*64*Tc
	24*64*Tc
	-
	4*64*Tc

	
	240
	60
	3*64*Tc
	23.5*64*Tc
	-
	7.5*64*Tc

	
	
	120
	3*64*Tc
	23.5*64*Tc
	-
	4*64*Tc


Besides the above analysis, we have the following proposal.
Proposal 8: The Te_NTN requirement shall be defined as, 
· FR1 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), (CP – 8*64*Tc)/3}
· FR2 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), CP/5 }

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN
	Note

	1
	15
	15
	32.5*64*Tc
	min{(legacy Te + 20.48*64*Tc), (CP– 8*64*Tc)/3}

	
	
	30
	22*64*Tc
	

	
	
	60
	10*64*Tc
	

	
	30
	15
	28.5*64*Tc
	

	
	
	30
	22*64*Tc
	

	
	
	60
	10*64*Tc
	

	2
	120
	60
	7.5*64*Tc
	min{(legacy Te + 20.48*64*Tc), CP/5 }

	
	
	120
	4*64*Tc
	

	
	240
	60
	7.5*64*Tc
	

	
	
	120
	4*64*Tc
	


In TS38.133, for TN UE, the reference timing point for Te requirement is defined as,
	
The UE shall have capability to follow the frame timing change of the reference cell in connected state. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. For serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG. UE initial transmit timing accuracy and gradual timing adjustment requirements are defined in the following requirements.


We understand there was some on-going discussion in IIoT and URLLC to revise the reference timing point for Te requirement, however, in NTN discussion we’d better to refer to the current definition unless it’s revised.
Proposal 9: reference timing for UE initial transmission shall follow the legacy NR definition unless it’s updated in other WIs, i.e., the first detected path (in time) of the corresponding downlink frame from the reference cell.
4. Gradual timing adjustment requirements
In [1], there were couple of open issues on gradual timing adjustment requirements, and we discuss those issues in this section.
	· 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
· Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
· Option 1: Yes (CATT, Xiaomi, Ericsson)
· Option 2: FFS (QC, CMCC, Apple, Huawei, ZTE, THALES, NEC, Intel)
· The assumptions will be used to define gradual timing adjustment requirements for NTN network
· 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)
· Whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: Yes (Xiaomi, CMCC, Ericsson, Apple, Huawei, QC, Ericsson)
· Option 2: FFS (CATT, MTK, THALES, NEC)
· FFS the direction of timing adjustment for NTN UE pre-compensation


Regarding the gradual timing adjustment, since the NTN frequency/time drifting and relative speed between UE and satellite could be significantly different from legacy TN scenario, it’s necessary to define new gradual timing adjustment (Tp/Tq) for NTN. In R4-2106174, RF had some conclusions on the frequency/time drifting for NTN,
	RAN4 would like to thank RAN1 for the LS on NTN UL time and frequency synchronization requirements. During RAN4#98bis-e meeting, RAN4 had extensive discussion on these 2 issues and would like to provide the following feedbacks to RAN1. 
Regarding question 2 on frequency synchronization, the following UE RF frequency error requirement is concluded in RAN4 for both initial access and RRC connected state:
· The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ±0.1 ppm observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the gNB.
· RAN4 is still investigating whether there are any intra-gNB related aspects to consider associated with the above UE requirement
Note: The gNB refers to RAN3 NTN architecture.
Regarding question 1 on time synchronization, RAN4 discussion is still on-going. Additional LS will be sent once there is an agreement in RAN4.


The relative position could refer to the delay variation in TR38.821, as duplicated below,
	Table 7.1-1: NTN scenarios versus delay constraints, Source [2]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35786 km
	600 km

	Relative speed of Satellite with respect to earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 10° for feeder link

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 3500 km
	50 km / 1000 km

	Maximum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	541.46 ms (Worst case)
	270.73 ms
	25.77 ms
	12.89 ms

	Minimum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	477.48 ms
	238.74 ms
	8 ms
	4 ms

	Maximum Delay variation as seen by the UE
(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec

	NOTE 1:	The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design, and radio resource management strategy in a given system.
NOTE 2:	The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario
NOTE 3:	Void
NOTE 4:	Speed of light used for delay calculation is 299792458 m/s.






We propose to discuss the methodology of designing Tp/Tq requirement first. Three parts needs to be considered during Tp/Tq design:
1. Time drifting within Xms (legacy NR we have 200ms for Tp and 1 second for Tq) with 0.1ppm
2. Delay variation due to UE-satellite relative position (TR38.821 section 7.1-1)
3. Digital RF margin, i.e., 1.5*64*Tc
Proposal 10: the design principle for gradual timing adjustment requirement is:

Since GEO and LEO has different delay variation in TR38.821, we could have different Tp/Tq requirement for GEO and LEO. However, the TR38.821 is a TR but not TS and the maximum delay variation for MEO is unclear so far, RAN4 could send LS to check with RAN1. 
Proposal 11: RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, LEO and FFS on MEO.
Proposal 12: The maximum delay variation should be considered in the gradual timing adjustment requirement in NTN, and RAN4 sends LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO.
Similar as TN case, UE could perform autonomous adjustment to reflect the downlink timing change or UE location change, so we think in NTN, UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. The adjustment direction could be same as TN and then let network to control the transmission timing by using TA command.
Proposal 13: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. The direction of timing adjustment shall be same as legacy TN case.
Regarding GEO, the maximum delay variation is negligible in TS38.821 and the timing drifting is same as TN case from RF, thus the Tq_NTN/Tp_NTN for GEO could be same as TN case. 
Proposal 14: For GEO, Tq_NTN/Tp_NTN is defined as same as legacy TN case.
Regarding LEO, the maximum delay variation is 40us/sec=8us/200ms, and the timing drifting is 0.02us/200ms. The Max delay variation + time drifting =246.37*64*Tc/200ms, which is much more greater than one TA adjustment step. As proposed by other companies in last meeting, 200ms may be not suitable for the Tq_NTN/Tp_NTN definition in this case, and we also think the maximum aggregate adjustment rate shall be comparable to one TA adjustment step, so 20ms could be used as update window size for Tq_NTN for LEO such that delay variation + time drifting =24.65*64*Tc/20ms. The Tp_NTN could use the similar approach and therefore 100ms could be assumed. Like in legacy TN, we assume Tq_NTN = Tp_NTN.
Based on proposal 10, the Tq_NTN for LEO could be calculated as below,
	Tq_NTN for LEO
	FR1
	FR2

	UL SCS 
	15KHz
	30 KHz
	60 KHz
	60 KHz
	120 KHz

	Min UL BW in RF spec 
	25PRBs (5MHz)
	11PRBs (5MHz)
	11PRBs (10MHz)
	66PRBs (50MHz)
	32PRBs (50MHz)

	UL granularity based on minimum BW
	4Ts
	4Ts
	2Ts
	0.5Ts
	0.5Ts

	(Max delay variation + time drifting)/20ms
	24.65Ts
	24.65Ts
	24.65Ts
	24.65Ts
	24.65Ts

	DigRF error
	1.5Ts
	1.5Ts
	1.5Ts
	1.5Ts
	1.5Ts

	Tq (with 1.5Ts DigRF error)
	29.5 Ts
	29.5 Ts
	27.5 Ts
	26.5 Ts
	26.5 Ts



Proposal 15: For LEO,
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 100ms.
3) The maximum aggregate adjustment rate shall be Tq_NTN per 20 ms.

	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN for LEO
	Tp_NTN for LEO

	1
	15
	29.5*64*Tc
	29.5*64*Tc

	
	30
	29.5*64*Tc
	29.5*64*Tc

	
	60
	27.5*64*Tc
	27.5*64*Tc

	2
	60
	26.5*64*Tc
	26.5*64*Tc

	
	120
	26.5*64*Tc
	26.5*64*Tc

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


5. TA adjustment accuracy requirement 
In [1], there were couple of open issues on TA adjustment accuracy requirement, and we discuss those issues in this section.
	· Not define TA adjustment accuracy requirement in RRC_IDLE mode.
· 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)
· TA adjustment accuracy requirement in RRC_CONNECTED mode
· Option 1: (NEC, Huawei, Ericsson, Apple, MTK, NEC)
· Reuse the existing timing advance adjustment accuracy requirements defined in TS 38.133.
· Option 1a: (NEC)
· RAN4 to reuse the existing TA adjustment accuracy requirement defined in TS 38.133 with considering of UL timing quantization accuracy.
· Option 2: (Xiaomi, LGE)
· RAN4 is to define a relaxed TA adjustment accuracy requirement for NR NTN
· Option 2a: (QC)
· Request RAN1 whether and how to reflect a propagation delay change, i.e. open loop TA update, from a slot when UE received timing advance command to a slot when the indicated timing advance shall be applied to uplink transmission. If defined, depending on RAN1 design NTN UE timing advance adjustment accuracy requirements may have to be relaxed to account for UE position and satellite position estimation error. And if it is decided to relax the requirement, the accuracy requirement relaxation shall be the same as that for initial timing error requirement.
· FFS UE behaviour before applying timing advance adjustment for its uplink transmission
· FFS the TA adjustment accuracy impact due to the open loop and closed loop TA adjustment.


In legacy NR connected mode, the TA adjustment error is up to the UE UL timing granularity, as summarized as below,
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc

	UL timing granularity
	4Ts
	4Ts
	2Ts for FR1
0.5Ts for FR2
	0.5Ts


The TA adjustment accuracy requirement is only to verify if UE could adjust the timing based on TA command. Thus, the legacy NR TA adjustment accuracy requirement could be reused for NTN case.
Proposal 16: UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
Proposal 17: in RRC connected mode, the legacy NR TA adjustment accuracy requirement in TS38.133 could be reused for NTN case.
6. Conclusion
In this contribution, we discuss timing requirements for NR NTN.
Proposal 1:
No need to define a separate accuracy requirement for UE specific TA estimation.
No need to define the update rate for UE specific TA estimation.
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.

Proposal 2:
No need to define a separate accuracy requirement for self-estimated TA common ().
No need to define a separate accuracy requirement for the combination of .

Proposal 3: Following composites should be considered for initial transmit timing requirement in NTN:
· UE position estimation error 
· Serving-satellite position estimation error
· The current UE transmit timing error requirement

Proposal 4: use the middle case of GNSS positioning accuracy requirement (i.e., 2-D position error = 50m) in TS38.171 as baseline to define the UE timing requirement in NTN.
Proposal 5: Not to define general GNSS positioning accuracy requirements. RAN4 would choose one GNSS positioning accuracy from TS38.171 as a general side condition for NTN RRM requirement design.
Proposal 6: Serving-satellite position estimation error is determined by the ephemeris calculation error, and RAN4 assumes serving-satellite position estimation error has same value as UE position estimation error in the Te_NTN requirement design.
Proposal 7: The NTN Te requirement shall not exceed (CP – 8*64*Tc)/3 for FR1 and CP/5 for FR2 on UL.
Proposal 8: The Te_NTN requirement shall be defined as, 
· FR1 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), (CP – 8*64*Tc)/3}
· FR2 NTN Te requirement: min{(legacy Te + 20.48*64*Tc), CP/5 }
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN
	Note

	1
	15
	15
	32.5*64*Tc
	min{(legacy Te + 20.48*64*Tc), (CP– 8*64*Tc)/3}

	
	
	30
	22*64*Tc
	

	
	
	60
	10*64*Tc
	

	
	30
	15
	28.5*64*Tc
	

	
	
	30
	22*64*Tc
	

	
	
	60
	10*64*Tc
	

	2
	120
	60
	7.5*64*Tc
	min{(legacy Te + 20.48*64*Tc), CP/5 }

	
	
	120
	4*64*Tc
	

	
	240
	60
	7.5*64*Tc
	

	
	
	120
	4*64*Tc
	



Proposal 9: reference timing for UE initial transmission shall follow the legacy NR definition unless it’s updated in other WIs, i.e., the first detected path (in time) of the corresponding downlink frame from the reference cell.

Proposal 10: the design principle for gradual timing adjustment requirement is:

Proposal 11: RAN4 to define different gradual timing adjustment requirements for different NTN topologies, e.g., GEO, LEO and FFS on MEO.
Proposal 12: The maximum delay variation should be considered in the gradual timing adjustment requirement in NTN, and RAN4 sends LS to RAN1 to confirm the maximum delay variation assumption for GEO/LEO/MEO.
Proposal 13: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. The direction of timing adjustment shall be same as legacy TN case.
Proposal 14: For GEO, Tq_NTN/Tp_NTN is defined as same as legacy TN case

Proposal 15: For LEO,
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 100ms.
3) The maximum aggregate adjustment rate shall be Tq_NTN per 20 ms.

	Frequency Range
	SCS of uplink signals (kHz)
	Tq_NTN for LEO
	Tp_NTN for LEO

	1
	15
	29.5*64*Tc
	29.5*64*Tc

	
	30
	29.5*64*Tc
	29.5*64*Tc

	
	60
	27.5*64*Tc
	27.5*64*Tc

	2
	60
	26.5*64*Tc
	26.5*64*Tc

	
	120
	26.5*64*Tc
	26.5*64*Tc

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



Proposal 16: UE position and satellite position estimation error should NOT be accounted for TA adjustment accuracy requirement.
Proposal 17: in RRC connected mode, the legacy NR TA adjustment accuracy requirement in TS38.133 could be reused for NTN case.
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7.35.22 Assessment of conditions for NR operation in Non-Terrestrial networks
Delay spread in satellite propagation channels

Signal echoes are associated to the presence of indirect rays that reach the receiver antenna and carry a significant
energy with respect to the energy of the direct ray.

ITU-R recommendation [34] defines for the 2 GHz band three parameter sets of wideband models, including LOS and
NLOS cases, applicable for an elevation range from 15 to 55° and for urban, suburban and rural environments. The
delay spread of these three parameter sets ranges between 180 ns to 250 ns, whereas the 250 ns are stated to cover 90%
of the cases.

For higher elevations than 55°, we assume that the delay spread of the satellite channel will be in the same range or
even lower due to the traveling distances of the echoes arriving at a receiver.

Few papers are available on delay spread measurements in Ka-Band. Reference [35] is stating the coherence bandwidth
to be 30 MHz at 40 GHz with omnidirectional antennas. According to [36], the coherence bandwidth (A f)c of a channel
with maximum delay spread Tm is

(Afe=1/(5T)

For the stated coherence bandwidth in [35], this results in a maximum delay spread of Tm = 25 ns for omni-directional
antennas. For directional antennas, echoes with significant delay are normally filtered out by the antenna radiation
pattern, so flat fading can be assumed for Ka-band signals.
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