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[bookmark: _Ref481671177]At the RAN#86 meeting, a new Study Item was approved for IoT Non Terrestrial Network (NTN) and revised in RAN#91 [1]. There was an email discussion on [91E][42][NTN_IoT_Roadmap] In RAN#91 with moderator summary and final proposal for GTW input in [2]. 
In RAN#91-e GTW session, the Chairman endorsed a Way Forward Proposal in [3] on email discussion on [50][New_proposals_approval]. This included guidance from RAN Chairman for NTN NR and NTN IoT as follows
· RAN#92E (June) to finalize the scope and project plan to deliver the essential minimum functionality of both NTN NR and NTN IoT (both NB-IoT and eMTC) within the existing TU allocations
· Detailed scoping exercise (NTN NR WID revision, NTN IoT WID approval) to be undertaken at RAN#92E (June)

Accuracy of satellite location tracking:
This section addresses Section 2.1 GNSS measurement and Section 2.3.2 GNSS measurement in FL summary in [4].  In RAN1#104bis-e, the following agreement was made
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.

Discuss whether GNSS measurement window is needed and beneficial for initial access.

In case of long connection typical to support continuous service, there could be a limitation to connection length for eMTC/NB-IoT over NTN to allow UE to re-acquire its position with a GNSS TTFF. One way discussed in RAN1#104bis-e is the UL synchronization validity during which the ephemeris and GNSS information are accurate. This validity could be based on timer that set autonomously by the UE after acquiring necessary location information.
Before it can be discussed whether there is a need for a validity timer for UL synchronization, it is needed to first discuss the aspects that are relevant for UL synchronization: 
· GNSS measurements
· Service link RTD prediction accuracy
· GNSS position accuracy

GNSS Measurements 
A main difference with NR NTN, is that in IoT NTN SID it is stated that “simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed” [1].
In Typical IoT applications with intermittent delay-tolerant small packets, the UE position may be fixed (e.g. IoT sensor on a gas pipeline) or the UE position needs to be reported by application layer (e.g. asset tracking, vehicle tracking). 
Observation 1:  A UE may only need a new GNSS position solely for UE pre-compensation for UL synchronization in corner case scenarios where (i) it is not fixed; (ii) reporting of the GNSS position is not needed by application layer.
Observation 2: GNSS measurement duration depends on assumption for GNSS receiver for Time To First Fix (TTFF) – hot start can be 1 second; warm start can be 5 seconds; cold start can be 30 seconds.

	Assumption for GNSS TTFF
	GNSS TTFF

	Cold start
	No valid ephemeris, almanac
	< 30 seconds (first TTFF of GNSS module)

	Warm start
	Valid almanac if used at least once within 180 days of last TTFF
	< 5 seconds (at least a few TTFF within 180 days for optimised prediction algorithms)
Up to 30 seconds (un-optimized algorithms) 

	Hot start
	Valid ephemeris  if used within 4 hours of last TTFF
	< 1 second


Table 1: Assumption for GNSS TTFF

In idle mode, a maximum eDRX of 43.69 min for eMTC and 2.91 hours for NB-IoT can be configured, where eDRX cycle consist of an integral multiple of length of a single H-SFN. The minimum eDRX cycle is 5.12 s for eMTC and 20.48 s for NB-IoT [Table 10.5.5.32, 5].    
In connected mode, a maximum DRX of 2.56 s and a maximum eDRX of 10.24s can be configured in MAC-MainConfig information element. Rel-12 Power Saving Mode (PSM) with a maximum of 12.1 days can be configured with T3412 configuration.
	Connected UE 
	Max DRX=2.56 s / eDRX = 10.24 s

	Idle UE
	Min eDRX = 5.12 s (eMTC)                Min eDRX = 20.48 s (NB-IoT)

	
	Max eDRX = 43.69 min  (eMTC)        Max eDRX = 2.91 hours (NB-IoT)     Max PSM   = 12.1 days   (NB-IoT)


Table 2: Connected DRX, Idle DRX, PSM durations
In idle mode, in case UE needs to do a GNSS position fix with a warm start of 30 seconds assuming it has not used its GNSS module in the last 4 hours, it can be discussed whether it is workable for UE to do GNSS TTFF after receiving paging. The UE may need to prepare for UL transmission before receiving paging even if not paged. In case UE can do a hot fix of 1 second or a warm start of 5 seconds, it can be up to UE implementation whether to get GNSS position fix before receiving paging or after receiving paging. This is reasonable way assuming adequate configuration of paging in paging procedures.
In connected mode, it can be assumed that the UE has a valid GNSS position fix. In case a position fix is needed due to UE mobility connected DRX or connected eDRX could be configured to allow UE to switch off its IoT module and use its GNSS module for acquisition of a new position fix.
Proposal 1: Re-use legacy paging and DRX procedures for UE acquisition of GNSS position fix assuming simultaneous GNSS and NTN NB-IoT/eMTC operation is not used in the device
· Re-use  legacy paging timer configuration  in paging procedure to allow time for a GNSS TTFF with hot start or warm start for mobile-terminated calls
· If needed, idle UE can do a GNSS TTFF with hot start or warm start in idle DRX / eDRX / PSM before moving to connected for mobile-originated calls
· If needed, connected UE can do a GNSS TTFF with hot start in connected DRX / eDRX.

Prediction accuracy on UE-specific tracking of TA and Doppler shift 
UE pre-compensation on TA and Doppler shift over service link is illustrated in Figure 1. The accuracy of service link prediction of TA calculation and Doppler shift calculation was simulated as shown in our companion contribution (Section 3, R1-210XXXX).

Observation 3: Prediction over 60 seconds without having acquired new ephemeris data for UE specific TA calculation and Doppler shift calculation has an accuracy within 0.076 us and 4.8 Hz respectively. Longer prediction time of 120 seconds or longer can be considered without significant impact on UL synchronization accuracy.
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Figure 1: UE pre-compensation on TA and Doppler shift over service link

GNSS position accuracy 
The position error depends on the UE velocity. In aircraft, the velocity could be up to 1000 km/h with an error in position of up to 8333 m if there is no GNSS position fix for 30 seconds, or 16666 m if there is no GNSS position fix for 60 seconds. 

Observation 4: In cellular NR, there is no UE pre-compensation of delay error or Doppler shift error due to UE mobility by idle UE. The UE may apply pre-compensation of delay error based on MAC CE in connected. 


Hence, it is reasonable to assume worst case for GSM position error is for vehicular with UE velocity of up to 120 km/h. In the analysis below, we show results for UE velocity up to 120 km/h. 

Impact of UE velocity on UE-specific tracking of TA

We are now discussing the TA error due to UE mobility for UE pre-compensation of satellite delay in idle. We consider the maximum TA error at beam edge elevation at 1000 km/h in LEO-600 km as illustrated in Figure 6 (a).

Where


Where c = 3*108 m/s is the velocity of light, β is the beam edge elevation angle, and D is UE-satellite distance. Assuming LEO-600 km with beam edge elevation β=30 degrees and D=1075 km, this gives 2*(sqrt(9992 + 10750002– 2*999*1075000*cos(30 degrees)-1075000)/c = 2*865 / c = 5.8 us or 2*(sqrt(20002 + 10750002– 2*2000*1075000*cos(30 degrees)-1075000)/c = 2*1732 / c = 11.6 us for 30 seconds and 60 seconds prediction ahead respectively.
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Figure 2: TA error for elevation at beam edge and at Nadir

UE-specific TA tracking error a beam edge elevation for UE position error due to UE velocity is given in Table 3

	Validity     of UE location
	                                                                    
30 s
	
60 s

	UE Velocity
	UEpos,error 
	β
	TAerror 
	UEpos,error
	Elevation
	TAerror

	30 km/h
	333 m
	30 deg
	1.9 us
	666 m
	30 deg
	3.8 us

	120 km/h
	999 m 
	30 deg
	5.8 us
	2000 m
	30 deg
	11.6 us


Table 3: UE-specific TA tracking error at beam edge elevation β with UE position error due to UE velocity

Observation 5: An accuracy of approximately 5.8 us and 11.6 us can be achieved within 30 seconds and 60 seconds for the UE specific TA tracking at UE velocity of 120 km/h. The TA error due to UE mobility for NTN is similar to TA in legacy non-NTN system and can be addressed by the PRACH CP for idle mode and the TA closed loop in connected mode.

Impact of UE velocity on UE-specific tracking of Doppler shift

The maximum Doppler shift error due to UE mobility over service link can be determined at Nadir point by re-calculating the beam center elevation angle θ due to the UE position error and comparing the Doppler shift with and without the UE position error. Prediction of 30 seconds and 60 seconds for the Doppler shift tracking gives an accuracy of approximately 79 Hz and 158 Hz respectively for UE velocity of 120 km/h. 

Observation 6: An accuracy of approximately 79 Hz and 158 Hz respectively can be achieved within 30 seconds and 60 seconds for the UE-specific Doppler shift tracking at UE velocity of 120 km/h.


	Validity     of UE location
	                                                                       
30 s
	
60 s

	UE Velocity
	UEpos,error 
	θ
	Fderror 
	UEpos,error
	θ
	Fderror

	30 km/h
	333 m
	89.96
	6 Hz
	666 m
	89.93
	10 Hz

	120 km/h
	999 m 
	89.9 deg
	79 Hz
	2000 m
	89.8 deg
	158 Hz



Table 4: UE-specific Doppler shift error beam center elevation θ with UE position error due to UE velocity

Validity of satellite ephemeris 
The UE could acquire, store in its memory, and apply the satellite-assisted information for the ephemeris broadcast on NTN SIB. The stored ephemeris could be refreshed every time the UE acquires the NTN SIB, i.e. the UE considers the stored ephemeris as invalid, as soon as it acquires the NTN SIB, and overrides it with the ephemeris.
It seems desirable that a validity time could be defined for the stored ephemeris during which the UE may use the stored ephemeris for UE pre-compensation. This may clarify UE behaviour where the UE chooses not to acquire a new NTN SIB with ephemeris and rely on prediction of the ephemeris during the validity time. 

It should be first discussed the meaning of the NTN satellite ephemeris validity timer. Based on the analysis in Section 2.3, there is no need for a timer linked to GNSS position accuracy. It was observed that the TA error due to UE mobility for NTN is similar to TA in legacy non-NTN system and can be addressed by the PRACH CP for idle mode and the TA closed loop in connected mode. To our understanding the NTN ephemeris validity timer should be linked to the validity of the ephemeris for UE pre-compensation of TA. Further, since the timer is to “remind” the UE to re-acquire ephemeris on NTN SIB it should be configured by the network.

Proposal 2: NTN UE time alignment timer for re-acquisition of the satellite ephemeris on NTN SIB is configured by the network.


Long UL Transmission on PUSH and PRACH
This section addresses Section 2.4 Long PUSCH transmission and Section 2.5 Long PRACH transmission in FL summary in [4].  RAN1#104bis-e made the following agreements:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

The Doppler shift drift rate can be about -640 Hz/s. and the delay drift rate can be ±20 us/s, which could result in loss of OFDM orthogonality with significantly impact on long NPUSCH demodulation performance. 
In NR NTN WI, our sister contribution in provides detailed analysis and simulations on UE pre-compensation accuracy [4]. It was observed that prediction 120 s ahead for UE pre-compensation is accurate within 0.247 us for delay error and within 10.7 Hz for Doppler error for position and velocity ephemeris format; and accurate within 0.523 us for delay error and within 17.6 Hz for Doppler error for position and velocity ephemeris format. 
UE pre-compensation done per N time units for long PUSCH / Long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units, For NB-IoT a time unit can be defined as a subframe
· The UE pre-compensation can be done on a subframe-by-subframe basis as illustrated on Figure 3.
· N should be preferable small value to minimize the delay error. We have preference for N = 1 subframe for adjustment of TA on a subframe basis (max delay error due to drift rate ~0.02 us) and Doppler shift correction, which can be supported in a typical NB-IoT device implementation. 
[image: ]







Proposal 3: UE pre-compensation done per N time units for long PUSCH and long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· N=1 subframe

Satellite ephemeris format for UE wake up  
It is sufficient of the UE wakes up from idle DRX or PSM at approximately the right time, preferably a little bit before the next satellite flyby. Prediction using Eutelsat orbital parameters over a LEO-600 km satellite orbit period of 1h 35 min 16 s ahead for satellite position and velocity is accurate within 31000 m and within 423 m/s respectively as shown in Table 3. The calculations for long-term prediction are low complexity as can be seen from formulation in  [5]. The UE needs to wake up from idle DRX about ~5s seconds (=31000 m/7557 m/s) early before next satellite flyby after one orbit period 1h 35min 16s.
	Periodicity
	Radial Position error
	Radial velocity error

	600 s 
	3940 m
	18.9 m/s

	1800 s
	20700 m
	91.5 m/s

	1h 35mi 16s
	31000 m
	423 m/s


Table 3: Long-term prediction of satellite position and velocity with ephemeris orbital

Proposal 4: Satellite ephemeris orbital is used for long-term prediction of satellite position for UE wake up from idle DRX for next satellite fly-by

Long-term prediction of satellite position and velocity with ephemeris orbital can allow the UE to wake up before the satellite comes into coverage for mobile-originated calls and for mobile-terminated calls. It can be discussed how the network can send the paging at the right time when the satellite is within coverage of a UE. It is up to the network how to configure idle DRX/PSM for the UE and assume that based on ephemeris broadcast to UE it will wake up at the right time that coincides when the satellite will be next flying over the UE. If UE is not moving too much, then it is deterministic when the satellite will move into coverage of a given UE.
Proposal 5: The lowest level of knowledge in network of when a UE will be in coverage of a satellite is the time when the UE last accessed the satellite cell. 
The UE does not need to wake up every time the satellite comes into coverage if it is not configured to receive paging based on its idle DRX / PSM configuration or does not need to initiate a mobile originated call (no data to report). A simple procedure could apply as follows:
· The network knows when the UE wakes up at time t=t0 assuming it has not changed its location too much since it last access a cell. 
· The network also assume the UE can wake up a bit early before time t0. 
· The network can then try to page UE at time t0 assuming it is in coverage of a given satellite cell. If this fails it can re-try in same satellite cell at time t0 plus some delta_t consistent with the given cell satellite cell coverage. 
· If this fails, then network can try to page at time t=t1 in given  satellite cells, or other close satellite cells, and expand to farther satellite cells.
 An efficient implementation in the UE can mitigate the impact in UE power consumption. It can be shown that the impact on power consumption is not significant. Consider the following example, where a UE wake up 30 seconds early before satellite flyby. This allows for a position error of about 226 km (=7.557 km/s * 30). Further assume the UE tries once every second to synchronize. 
· At DL SNR -12 dB (consistent with MCL=154 dB), the synchronization active time PSS/SSS + MIB is in the order of 150 ms (see Annex A in MediaTek R1-2102755). 
· Assuming battery power for RX of 90 mW and battery capacity of 5Wh (TR 45.820, Section 5 and Section 7.2.4.5)
· The synchronization + MIB requires a total of 30*150 ms*90 mW = 1.1246 * 10-4 Wh per day. 
· The impact on the battery is 0.0405 Wh (=364*1.1246 * 10-4) or 0.81% (=0.0405/5*100)  battery reduction / year
It may also be considered that UE tries every 2 seconds to synchronize to further mitigate the impact on UE power consumption. This kind of optimization can be up to UE implementation. . The important thing to discuss is to determine how early the UE needs to wake up based on its idle DRX / PSM configuration and satellite ephemeris that it received and stored in its memory when it accessed the satellite cell successfully. This may be done over a number of days / weeks, so over that period of time the UE would have very good a priori knowledge when a next satellite will fly by and wake up just in time to access the satellite cell. 
As is the case in cellular paging, we should not target 100% paging success for NTN paging anywhere anytime for all UEs (paging can occasionally fail in cellular IoT). If paging does fail, a UE may initiate satellite cell search and access the network when in coverage of a satellite. Those enhancements for corner cases could be left to the implementation / application layer.  
Observation 7: The impact of UE wake up on power consumption is in the order of 1% battery life reduction per year.
Observation 8: The behaviour of the UE and the network can be different w.r.t. to Idle DRX / PSM. 
· The UE can choose to leave idle DRX / PSM at any time. This is normal way for mobile-originated calls. 
· The network will not page a UE when it is in Idle DRX / PSM.
Proposal 6: The network should page the UE at the right time when 
(a) UE enters active period of idle DRX / PSM; 
(b) UE is within coverage. 

Conclusion
In this contribution, we summarize issues and discuss potential solutions. We made the following observations and proposals 
GNSS measurements
Observation 1:  A UE may only need a new GNSS position solely for UE pre-compensation for UL synchronization in corner case scenarios where (i) it is not fixed; (ii) reporting of the GNSS position is not needed by application layer.
Observation 2: GNSS measurement duration depends on assumption for GNSS receiver for Time To First Fix (TTFF) – hot start can be 1 second; warm start can be 5 seconds; cold start can be 30 seconds.
Proposal 1: Re-use legacy paging and DRX procedures for UE acquisition of GNSS position fix assuming simultaneous GNSS and NTN NB-IoT/eMTC operation is not used in the device
· Re-use  legacy paging timer configuration  in paging procedure to allow time for a GNSS TTFF with hot start or warm start for mobile-terminated calls
· If needed, idle UE can do a GNSS TTFF with hot start or warm start in idle DRX / eDRX / PSM before moving to connected for mobile-originated calls
· If needed, connected UE can do a GNSS TTFF with hot start in connected DRX / eDRX.

Prediction accuracy on UE-specific tracking of TA and Doppler shift
Observation 3: Prediction over 60 seconds without having acquired new ephemeris data for UE specific TA calculation and Doppler shift calculation has an accuracy within 0.076 us and 4.8 Hz respectively. Longer prediction time of 120 seconds or longer can be considered without significant impact on UL synchronization accuracy.

GNSS position accuracy
Observation 4: In cellular NR, there is no UE pre-compensation of delay error or Doppler shift error due to UE mobility by idle UE. The UE may apply pre-compensation of delay error based on MAC CE in connected. 

Impact of UE velocity on UE-specific tracking of TA
Observation 5: An accuracy of approximately 5.8 us and 11.6 us can be achieved within 30 seconds and 60 seconds for the UE specific TA tracking at UE velocity of 120 km/h. The TA error due to UE mobility for NTN is similar to TA in legacy non-NTN system and can be addressed by the PRACH CP for idle mode and the TA closed loop in connected mode.

Impact of UE velocity on UE-specific tracking of Doppler shift
Observation 6: An accuracy of approximately 79 Hz and 158 Hz respectively can be achieved within 30 seconds and 60 seconds for the UE-specific Doppler shift tracking at UE velocity of 120 km/h.

Validity of satellite ephemeris
Proposal 2: NTN UE time alignment timer for re-acquisition of the satellite ephemeris on NTN SIB is configured by the network.

Long UL Transmission on PUSH and PRACH
Proposal 3: UE pre-compensation done per N time units for long PUSCH and long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· N=1 subframe

Satellite ephemeris format for UE wake up  
Proposal 4: Satellite ephemeris orbital is used for long-term prediction of satellite position for UE wake up from idle DRX for next satellite fly-by
Proposal 5: The lowest level of knowledge in network of when a UE will be in coverage of a satellite is the time when the UE last accessed the satellite cell. 
Observation 7: The impact of UE wake up on power consumption is in the order of 1% battery life reduction per year.
[bookmark: _GoBack]Observation 8: The behaviour of the UE and the network can be different w.r.t. to Idle DRX / PSM. 
· The UE can choose to leave idle DRX / PSM at any time. This is normal way for mobile-originated calls. 
· The network will not page a UE when it is in Idle DRX / PSM.
Proposal 6: The network should page the UE at the right time when 
(c) UE enters active period of idle DRX / PSM; 
(d) UE is within coverage. 
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