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Introduction
[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)

Long UL Transmission on PUSH
This section addresses Issue#5 Long UL transmission on PUSCH in FL summary in [4].  RAN1#104e made the following agreements:
· Study the UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC.

UE pre-compensation for long PUSH transmission
NPUSCH transmission can be with up to 128 repetitions, where a TBS can be transmitted over up to 10 RUs. With sub-carrier spacing of 15 kHz, the transmission time can be up to 1 second; with single tone transmission with sub-carrier spacing 3.75 kHz, , the transmission time can be up to 4 second. 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. 
Rel-13 TR 45.820 mentions that M2M devices may in general support relaxed delay characteristics. The requirement for latency a delay requirement of 10 seconds is appropriate for the uplink when measured from the application 'trigger event' to the packet being ready for transmission from the base station towards the core network. This includes the time it may take to transmit the long PUSCH with many repetitions depending on coverage assumption. As discussed above, the UE can predict accurately the satellite delay and Doppler shift for UE pre-compensation before moving to connected and use these for the UE pre-compensation for long UL transmission during the connection time. Note that in 10 seconds, a UE with velocity of 120 km/h may move by a maximum of 333 m with a resulting frequency error of approximately 220 Hz @Fc=2 GHz, which is well within the ±0.1 ppm UL frequency error requirement in the specifications.  

Observation 1: Assuming UE stays in connected for a duration of 10 s to transmit an intermittent delay tolerant small packet, the UE can accurately predict and pre-compensate the satellite delay and Doppler shift while transmitting the long PUSCH without need to re-acquire GNSS location.

Proposal 1: UE pre-compensate satellite delay and Doppler shift during long UL transmission on PUSCH in NB-IoT and eMTC.


UL compensation Gap
In the NB-IoT specification 36.211, the NPUSCH UL Compensation Gap (UCG) definition is given as 
After transmissions and/or postponements due to NPRACH of   time units, a gap of   time units shall be inserted where the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap. 

When 2 HARQ processes are configured, the total maximum duration of both NPUSCH transmissions is not more than 256 ms, and any scheduling gap between the two NPUSCHs counts as part of the 256 ms as shown in an example in  Figure 2. TS 36.213 section 16.6 states 
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k
-	the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; and
-	the UE does not expect to receive a DCI Format N0 before subframe n+k-2 for which the corresponding NPUSCH format 1 transmission ends later than subframe n+k+255.
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Figure 2: Example of UL Compensation Gap with 2 HARQ processes

The maximum time drift in LEO @ 600 km is in the order of ±20 μs/s or about 0.56 us in one RTD of 28.4 ms. In a time duration of 256 ms, the total drift can be around 5.12 us which is larger than the Cyclic Prefix for UL transmission on PUSCH. The device need to (i) maintain DL synchronization; (ii) maintain UL synchronization for UL transmission. For (1), the UE can re-synchronize on the DL during the Uplink Compensation Gap. For (2), the UE can autonomously determine its UE-specific TA support for UL time synchronization during continuous UL transmission. The UL compensation gap is specified to be 40 ms. This is sufficient in extreme coverage operations in cellular IoT to re-acquire DL synchronisation. The UGC of 40 ms should also be sufficient to re-acquire DL synchronisation providing that a solution is specified to accommodate the high satellite Doppler shift of ±42 kHz in addition the device crystal error of ±20 ppm (about ±40 kHz at Fc=2 GHz), as will be discussed in a separate section below.

Observation 2: The legacy UL compensation gap is 40 ms is sufficient to re-acquire DL synchronization for interrupted long UL synchronization providing  a solution is specified to accommodate the high satellite Doppler shift of ±42 kHz in addition the device crystal error of ±20 ppm (about ±40 kHz at Fc=2 GHz).

Proposal 2: Re-use the legacy UL Compensation Gap of 40 ms for IoT NTN

Long UL Transmission on PRACH 
This section addresses Issue#6 Long UL transmission on PRACH in FL summary in [4].  RAN1#104e made the following agreements:
· Study the UE pre-compensation of satellite delay and Doppler during long UL transmission on PRACH in NB-IoT and eMTC.
· Study the UE pre-compensation of satellite Doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.
NPRACH transmission can be with up to 1024 repetitions. With format 0 and 1, transmission time can be up to about 1.3 seconds and 1.5 seconds (2 seconds minus the gap for maximum TA of about 701 us and 522 us for format 0 and 1 respectively). The cyclic prefix is 67 us and 267 us for Format 0 and 1 respectively. With Format 2, transmission time can be up to about 3 seconds. The cyclic prefix is 800 us. The Doppler shift drift over NPRACH Format 2 duration could be in the order of 1920 Hz, which is greater than half the SCS=1.25 kHz used in NPRACH Format 2 transmission.   Format 2 may fail due to the high Doppler shift without UE pre-compensation of satellite delay and Doppler during long UL transmission on PRACH. For format 0 and 1, UE pre-compensation could improve detection at low SNR and allow PRACH transmissions with fewer repetitions.
Assuming use case of intermittent delay-tolerant small packet transmission within a maxim latency of 10 seconds, the simplest way is that the UE predicts the satellite delay and Doppler shift for mobile-terminated call or mobile-originated calls. In typical IoT applications for intermittent delay-tolerant small packet transmission, the device is either fixed (e.g. IoT sensor on a gas pipeline) or UE location is available in the application layer as the IoT application will require to report the GNSS location (e.g. vehicle tracking, asset location tracking). This has no impact on battery life, as will be further discussed in a section below. Note that as was discussed in previous section, a UE with velocity of 120 km/h may move by a maximum of 333 m with a resulting frequency error of approximately 220 Hz @Fc=2 GHz, which is well within the ±0.1 ppm UL frequency error requirement in the specifications. Assuming NPRACH takes up to 3 seconds, UE does not need to re-acquire its location with GNSS module when accessing the satellite cell.
Observation 3: Assuming UE initiates random access procedure to transmit an intermittent delay tolerant small packet within 10 seconds latency requirement in Rel-13 CIoT, the UE can pre-compensate the satellite delay and Doppler shift while transmitting the long PRACH without need to re-acquire GNSS location.

Proposal 3: UE pre-compensate satellite delay and Doppler shift during long UL transmission on PRACH in NB-IoT and eMTC.

GNSS Measurement Window
This section addresses Issue#2 GNSS measurement window in FL summary in [4].  RAN1#104e made the following agreement:
· Discuss whether GNSS measurement window is needed and beneficial for initial access.
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 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.
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.
Observation 4: It is sufficient to 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 procedure with adequate configuration of paging timer for mobile-terminated calls
· For idle UE, GNSS measurement for position fix can be done in idle DRX / eDRX / PSM with a GNSS TTFF with hot start or warm start before moving to connected for mobile-originated calls
· For connected UE, GNSS measurement for position fix can be done in connected DRX / eDRX with a GNSS TTFF with hot start.
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 5:  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.
Proposal 4: It is up to UE implementation when to switch on its GNSS module to acquire its position when a new position fix is needed during idle DRX / eDRX / PSM before moving to connected for mobile-terminated calls
Proposal 5: It is up to UE implementation when to switch on its GNSS module to acquire its position when a new position fix is needed during idle DRX / eDRX / PSM before moving to connected for mobile-originated calls
Proposal 6: For connected UE, GNSS measurement for position fix can be done in connected DRX / eDRX with a GNSS TTFF with hot start.

	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
	 UE Velocity
	Time in Connected = 10s

	3 km/h
	8.3 m (0.03 us)
	0.83 m/s (5.3 Hz)

	30 km/h
	83 m (0.3 us)
	8.3 m/s (55.3 Hz)

	120 km/h
	333 m (1.1us)
	33.3 m/s (222 Hz)


Table 2: UE velocity impact on delay and frequency accuracy

UE Power consumption
This section addresses Issue#3 and Issue#4 GNSS measurement window in FL summary in [4].  RAN1#104e made the following agreement:
· For the study of potential impact of GNSS Position fix on UE power consumption consider at least the following parameters
· GNSS power consumption value
· GNSS position Time To First Fix
· Study potential impact of NTN SIB carrying the satellite ephemeris on 
· UE power consumption in NB-IoT and eMTC 
· Accuracy of satellite location tracking
· PRACH congestion
GNSS TTFF assumption:
Battery impact is 0 percent for typical IoT applications requiring transmission of intermittent delay-tolerant small packets – e.g. Fixed IoT Sensors, Location tracker, GNSS position available in Application Layer for Asset tracking / Fleet management location monitors. A corner case for UE battery life is when there is no GNSS location availability in application layer and UE needs to transmit packet (not including GNSS location). We think it is reasonable to make the following assumptions based on Table 1:
· Hot start (1s) for 50B / 200B packets transmitted every 2h – the GNSS almanac and ephemeris are known since GNSS module used within last 4 hours
· Warm start (5s, up to 30s)for 50B / 200B packets transmitted once every day – only GNSS almanac is known 
The warm start should not be assumed in traffic model where UE transmit a small packet every 2 hours. Further, the cold start should not be assumed unless the device is first powered on during initial fitting and has never been used before (or at least not in the last 180 days). Note that GNSS trackers with downloaded map and no cellular module can use GNSS to accurately show position for walkers, runners, and cyclist during exercise duration. Likewise, GNSS trackers do not need 30 seconds to get initial position on the map if used intermittently during the day. 
Observation 6: For battery life analysis, hot start should be assumption if GNSS module is used within 4 hours; warm start should be assumption if GNSS module is used less that once every 4 hours or longer.        
A UE needs to prepare for UE pre-compensation on receiving paging or before initiating data transfer. This requires UE to synchronize on DL and obtain at least once the system information for RRC configuration when first accessing a satellite cell or waking up from long DRX. If UE re-selects a cell, the UE may read the MIB and SIB1, which contains indication on whether the system information needs to be refreshed. 
NTN SIB reading assumption:
It is not necessary for the UE to re-acquire the whole system information for RRC configuration for UE pre-compensation unless the network changes (some of the) system information by first notifying the UEs about this change, i.e. this may be done throughout a modification period (TS 36.331 Section 5.2.1.3 System information validity and notification of changes). The change notification and updated information during modification period is illustrated in Figure 1. The possible boundaries of modification for SystemInformationBlockType1-BR are defined by SFN values for which SFN mod 512 = 0 except for notification of ETWS/CMAS for which the eNB may change SystemInformationBlockType1-BR content at any time. For NB-IoT, the possible boundaries of modification for SystemInformationBlockType1-NB are defined by SFN values for which (H-SFN * 1024 + SFN) mod 4096 = 0.







Figure 1 Change of system Information
Similarly to SIB9 in NR URLLC and SIB16 in LTE HRLLC, the UE could acquire the serving satellite ephemeris in an NTN-specific SIB. The SIB1 can indicate the scheduling of the new NTN-specific SIB. The UE can acquire the NTN-specific SIB and decode 16 bytes every time it wakes up from DRX or PSM when it is paged or needs to transmit data.     
It is stated in TS 36.331 Section 5.2.1.3 System information validity and notification of changes
· If the UE in RRC_IDLE is configured to use extended DRX cycle, e.g., in the order of several minutes or longer, in case the eNB is reset the UE SFN may not be synchronized to the new eNB SFN. The UE is expected to recover, e.g., acquire MIB within a reasonable time, to avoid repeated paging failures.
In LTE MIB, SFN is indicated in MIB with 8 bits.  In MIB-NB, systemFrameNumber-MSB defines the 4 MSB bits  of the SFN and the 6 LSB bits of the SFN are acquired implicitly by decoding the NPBCH. The hyperSFN-LSB on MIB-NB, indicates the 2 least significant bits of hyper SFN. The remaining 8 bits are present in SystemInformationBlockType1-NB in hyperSFN-MSB-r13. As long as the delay drift error in the device during eDRX or PSM due to slower sampling clock to keep rough timing is less than 40.96 seconds (2^(6+4)*2^2*10ms), it is sufficient to read the MIB only to correct it.  The hyperSFN is about 2.91h and will wrap round. For eMTC, the delay drift error in the device during eDRX or PSM due to slower sampling clock to keep rough timing is less than 5.12 s.
Observation 7: The UE only needs to acquire SIB1 once within System Information update periodicity to know the scheduling of NTN-specific SIB carrying the serving satellite ephemeris position and velocity state vector. 

PRACH Congestion:
When a UE is paged, it should be able to initiate random access procedure within a second or so depending on coverage assumption. It would not be suitable for a UE to wait to acquire GNSS position with a non-optimized module that has a warm time of up to 30 seconds. Wake up signal and Paging Opportunity are configured to only page a group of UEs based on their UE ID, DRX cycle length, nB parameters. It is then up to the UE to select the next available RACH opportunity based on RRC configuration. The issue of PRACH congestion can be avoided all together if the WUS, paging, and RACH are configured adequately with sufficient resources in cellular IoT. There should be no issue with PRACH congestion in IoT NTN if the NTN SIB carrying the ephemeris for the UE prediction and pre-compensation of satellite delay and Doppler shift is broadcast with a low periodicity of around 1 second.

Proposal 6: To avoid RACH congestion, NTN SIB carrying the ephemeris for the UE prediction and pre-compensation of satellite delay and Doppler shift is broadcast with a low periodicity – e.g. 1 second.
 

Power consumption evaluation:
It was shown using power consumption Evaluation  and power parameters [TR 45.820, Section 5 and Section 7.2.4.5] that the battery life impact of GNSS + NTN SIB reading is reasonable. Annex A shows details of the power consumption evaluation. The evaluation results are summarised in Table 3 below. The min reduction in battery life is compared to battery life in CIoT (or IoT NTN where the GNSS position fix does not need to be updated, or is already available in the application layer). We used the following assumptions for GNSS Power consumption: 
· Integrated: 37 mW for acquisition; 27 mW for tracking [6]
· Module: 100 mW for acquisition; 88 mW for tracking (Quectel  L86)  [7]
We use the GNSS TTFF hot start and warm start as discussed above. More detailed evaluation results are provided in the Annex A.
Observation 8: Evaluation using the battery life impact of GNSS + NTN SIB reading 
· Smallest battery life reduction when battery life is small (i.e. in the order of 1 year)
· Largest battery life reduction when battery life is long (i.e. in the order of 10 years)
· Battery life impact of NTN SIB Reading has max reduction of 1.61%

	IoT device type
	GNSS TTFF
	Min Reduction / battery life
(200B packet)
	Max Reduction / battery life
(50B packet)
	Min Reduction / battery life
(200B packet)
	Max Reduction  / battery life
(50B packet)

	
	
	INTEGRATED GNSS/NB-IoT
	GNSS MODULE

	 Fixed IoT Sensors, GNSS position available in Application Layer for Asset tracking / Fleet management
	GNSS Position during fitting, GNSS position available from Application Layer
	0 % / same as cellular
	0 % / same as cellular

	no GNSS location availability in application layer (corner case)
	Hot start (1s, every 2h)*
	1.24% / 1.26 years
	15.61% / 15.80 years
	3.11% / 1.23 years
	32.07% / 12.72 years

	
	Warm start (5s, every day)*
	4.09% / 10.70 years
	11.82% / 30.90 years
	10.23% / 10.02 years
	26.35% / 25.81 years

	
	Warm start (30s, every day)
	20.13% / 8.91 years
	44.17% / 19.56 years
	40.44% / 6.64 years
	68.09% / 11.18 years


Table 3: GNSS + SIB reading impact on Power consumption using power consumption evaluation  and power parameters [TR 45.820, Section 5 and Section 7.2.4.5]

DL Synchronization
This section addresses Issue#7 GNSS measurement window in FL summary in [4].  Eutelsat set 3 (234km) is very close to the maximum beam size that can be supported. Sateliot Set 4 (e.g. 1000km) beam sizes @Nadir point cannot be supported with current CS algorithms. Current Doppler maximum NB-IoT budget for 2.17GHz:
· ±50KHz: Half Tone raster for Initial Cell Search for NB-IoT
· ±10 ppm, ± 20 ppm: typical free running oscillator accuracy
· ± 1ppm : margin. E.g to account for overlapping coverage at beam edge. 
· Doppler budget: ±50 kHz - ±11ppm (or ±20 ppm) *2.17GHz = ± 26.13 kHz (or 6.6 kHz)
The nominal frequency of DL signal is not broadcast. It needs to be determined using a frequency grid with 100 kHz sync raster.  If the uncertainty on DL raster is +/-Raster/2=+/-50 kHz, the UE can know exactly the DL frequency. It will first determine in which frequency grid the DL signal can be found, and then can synchronize with great accuracy on DL signal.  If the uncertainty > +/-Raster/2, then the UE cannot know its DL frequency. If the UE does not know the DL frequency it does not have a DL synchronization source to use the right sampling rate and correctly generate the UL frequency. A new Channel Raster of 200 kHz could be potential solution to support beam diameter size with ±20 ppm. Another alternative is to broadcast the DL frequency, e.g. as part of the NTN SIB. 
Observation 9: A larger beam diameter size and crystal accuracy of up to ±20 ppm may benefit from a new Channel Raster of 200 kHz for NB-IoT and eMTC to support DL synchronization for LEO. 
Observation 10: A larger beam diameter size and crystal accuracy of up to ±20 ppm may benefit from support of DL frequency broadcast as part of the NTN SIB to support DL synchronization for LEO.

	Beam diameter size @Nadir point
	93 km
	234 km
	1000 km
	2000 km

	3dB Beam-width in degrees (2γ)
	8.86 deg
	22.03 deg
	77.7 deg
	111.5 deg

	Elevation angle at beam edge
	85.15 deg
	77.93 deg
	46.63 deg
	25.26 deg

	Maximum Differential Doppler @fc=2GHz
	± 3.89 kHz
	± 9.63 kHz
	± 31.63 kHz
	± 41.65 kHz

	Maximum Differential Doppler @fc=2.17GHz
	± 4.22 kHz
	± 10.44 kHz
	± 34.32 kHz
	± 45.19 kHz


Table 2: Maximum Doppler shift at LEO 600 km for IoT NTN


Conclusion
In this contribution, we summarize issues and discuss potential solutions. We made the following observations and proposals 
Observation 1: Assuming UE stays in connected for a duration of 10 s to transmit an intermittent delay tolerant small packet, the UE can accurately predict and pre-compensate the satellite delay and Doppler shift while transmitting the long PUSCH without need to re-acquire GNSS location.

Proposal 1: UE pre-compensate satellite delay and Doppler shift during long UL transmission on PUSCH in NB-IoT and eMTC.

Observation 2: The legacy UL compensation gap is 40 ms is sufficient to re-acquire DL synchronization for interrupted long UL synchronization providing  a solution is specified to accommodate the high satellite Doppler shift of ±42 kHz in addition the device crystal error of ±20 ppm (about ±40 kHz at Fc=2 GHz).

Proposal 2: Re-use the legacy UL Compensation Gap of 40 ms for IoT NTN

Observation 3: Assuming UE initiates random access procedure to transmit an intermittent delay tolerant small packet within 10 seconds latency requirement in Rel-13 CIoT, the UE can pre-compensate the satellite delay and Doppler shift while transmitting the long PRACH without need to re-acquire GNSS location.

Proposal 3: UE pre-compensate satellite delay and Doppler shift during long UL transmission on PRACH in NB-IoT and eMTC.

Observation 4: It is sufficient to 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 procedure with adequate configuration of paging timer for mobile-terminated calls
· For idle UE, GNSS measurement for position fix can be done in idle DRX / eDRX / PSM with a GNSS TTFF with hot start or warm start before moving to connected for mobile-originated calls
· For connected UE, GNSS measurement for position fix can be done in connected DRX / eDRX with a GNSS TTFF with hot start.
Observation 5:  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.
Proposal 4: It is up to UE implementation when to switch on its GNSS module to acquire its position when a new position fix is needed during idle DRX / eDRX / PSM before moving to connected for mobile-terminated calls
Proposal 5: It is up to UE implementation when to switch on its GNSS module to acquire its position when a new position fix is needed during idle DRX / eDRX / PSM before moving to connected for mobile-originated calls
Observation 6: For battery life analysis, hot start should be assumption if GNSS module is used within 4 hours; warm start should be assumption if GNSS module is used less that once every 4 hours or longer.        
Observation 7: The UE only needs to acquire SIB1 once within System Information update periodicity to know the scheduling of NTN-specific SIB carrying the serving satellite ephemeris position and velocity state vector. 

Proposal 6: To avoid RACH congestion, NTN SIB carrying the ephemeris for the UE prediction and pre-compensation of satellite delay and Doppler shift is broadcast with a low periodicity – e.g. 1 second.

Observation 8: Evaluation using the battery life impact of GNSS + NTN SIB reading 
· Smallest battery life reduction when battery life is small (i.e. in the order of 1 year)
· Largest battery life reduction when battery life is long (i.e. in the order of 10 years)
· Battery life impact of NTN SIB Reading has max reduction of 1.61%
Observation 9: A larger beam diameter size and crystal accuracy of up to ±20 ppm may benefit from a new Channel Raster of 200 kHz for NB-IoT and eMTC to support DL synchronization for LEO. 
Observation 10: A larger beam diameter size and crystal accuracy of up to ±20 ppm may benefit from support of DL frequency broadcast as part of the NTN SIB to support DL synchronization for LEO.

ANNEX A
Power parameters [TR 45.820, Section 5 and Section 7.2.4.5]
· A 5 Wh battery capacity
· Negligible battery drain impact on battery life assumed
GNSS assumptions
· GNSS Power consumption: 
· Integrated: 37 mW for acquisition; 27 mW for tracking [5]
· Module: 100 mW for acquisition; 88 mW for tracking (Queltec  L86)  [6]
· GNSS TTFF at most every 60 seconds – @120 km/h, UE position changes by ~1800 m or 240 Hz worst Doppler ≈±0.1ppm*Fc 
· Hot start: 1s
· Warm start: 5s  
NTN SIB Reading assumptions
· Satellite ephemeris read before prediction up to 60 seconds before UL transmission
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	Battery capacity
	Battery power during Tx
	Battery power for Rx
	Battery power for idle
	Battery power when standby

	(Wh)
	(mW)
	(mW)
	(mW)
	(mW)

	5.00
	545.010
	90.000
	3.000
	0.015



	EVERY 2 HOUR  (GNSS TTFF HOT START + NTN SIB 16B Reading)

	 
	
	50 BYTES
	200 BYTES

	GNSS TTFF
	MCL
	CIoT
	Integrated
	Module
	CioT
	Integrated
	Module

	0 s
	144 dB
	18.73
	17.35

	
	154 dB
	10.51
	5.43

	
	164 dB
	2.68
	1.27

	1 s
	144 dB
	18.73
	15.8
	12.72
	17.35
	14.81
	12.07

	
	154 dB
	10.51
	9.52
	8.31
	5.43
	5.16
	4.78

	
	164 dB
	2.68
	2.61
	2.51
	1.27
	1.26
	1.23

	2 s
	144 dB
	18.73
	13.84
	9.71
	17.35
	13.07
	9.33

	
	154 dB
	10.51
	8.77
	6.91
	5.43
	4.93
	4.28

	
	164 dB
	2.68
	2.55
	2.37
	1.27
	1.24
	1.2



	EVERY DAY  (GNSS TTFF WARM START + NTN SIB 16B Reading)

	
	
	50 BYTES
	200 BYTES

	GNSS TTFF
	MCL
	CIoT
	Integrated
	Module
	CioT
	1 Integrated
	2 Module

	0 s
	144 dB
	35.04
	34.61

	
	154 dB
	31.23
	25.36

	
	164 dB
	18.12
	11.16

	5 s
	144 dB
	35.04
	30.9
	23.81
	34.61
	19.56
	11.18

	
	154 dB
	31.23
	27.9
	23.68
	25.36
	18.32
	10.76

	
	164 dB
	18.12
	16.95
	15.29
	11.16
	12.86
	8.61

	30 s
	144 dB
	35.04
	30.56
	25.57
	34.61
	19.43
	11.14

	
	154 dB
	31.23
	23.12
	20.14
	25.36
	16.13
	9.57

	
	164 dB
	18.12
	10.7
	10.02
	11.16
	8.91
	6.64
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image4.emf
Message State

Bytes 

(L1) 144 dB 154 dB 164 dB

DL assignment Rx 8 1 4 40

RA msg2: RAR Rx 10 1 4 40

RA msg3: 

TLLI+Accesscause+BSR Tx 11 12 36 300

DL assignment Rx 8 1 4 40

RA msg4: Cont. res. Rx 8 1 4 40

UL grant Rx 8 1 4 44

IP report (50B) Tx 65 26 238 1426

IP report (200B) Tx 215 58 909 4541

HARQ ACK Rx 8 1 4 44

DL assignment + 

PDCCH monitoring Rx 8 1 4 44

IP Ack (65B) Rx 80 7 31 185

HARQ ACK Tx 3 7 13 224

PDCCH monitoring Rx 8 39 156 1560

Duration (ms)


image5.emf
Rx Idle Rx Idle Rx Idle

Synch 142 0 148 0 215 0

MIB 8 103 8 103 38 445

150 103 156 103 253 445

Tx Idle Tx Idle Tx Idle

Preamble

4 160 48 320 160 640



 144 dB 154 dB 164 dB
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image6.emf
 144 dB 154 dB 164 dB

Waiting for IP Ack 1000 1000 1000

Ready timer 20000 20000 20000

Scheduling delay 1000 1000 1000


