[bookmark: historyclause][bookmark: _Toc383764588]3GPP TSG RAN WG1 Meeting #106bis-e  	R1-2109171
e-Meeting, October 11th – 19th, 2021   
Agenda Item: 8.15.1
Source: MediaTek Inc.
Title: Time and frequency synchronization Enhancements in IoT NTN 
Document for: Discussion 
Introduction
[bookmark: _Ref481671177]At the RAN#92 meeting, a new Work Item was approved for IoT Non Terrestrial Network (NTN) [1]. This TDoc addresses aspects of Time and frequency synchronization Enhancements in IoT NTN.

Validity timer for UL Synchronization
In Rel-17 IoT NTN Work Item [1], GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. There are two objectives that we addressed in this section:
· Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
· GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission
GNSS position measurements for sporadic short transmission
The validity of GNSS measurements for UL synchronization is under discussion in IoT NTN Work Item in Section 2 in FL summary in [3].
RAN1#106-e Agreement made the following agreement on GNSS measurements:
Agreement:
For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated.
The following moderator recommendation was made:
· UE behaviour to ensure that it shall have a valid GNSS position fix for UL transmission 
· UE behaviour to ensure it shall autonomously determine how long a GNSS position fix is valid.
· The UE shall autonomously determine how long a GNSS fix is valid 
· Option 1: an internal timer in the device is used by UE to set autonomously the GNSS validity duration
· Option 2: a specified timer is used by UE to set autonomously the GNSS validity duration
· The UE shall signal to the network the length of time that GNSS position fix is valid for to ensure common understanding on validity of GNSS position fix between the UE and eNB. This allows eNB to schedule UL transmission that starts while the UE has a valid GNSS position fix and ends before the GNSS position fix becomes outdated.  
· In the worst the UE always knows how long the scheduled UL transmission is and also knows the duration of validity of the GNSS position fix. The simplest UE behavior is that UE does not starts transmission if it cannot complete it before the GNSS position fix becomes outdated.   
Table 1 and Table 2 show the TA error and Frequency error due to the position error of a UE that is moving without GNSS measurements for up to 60 seconds. High velocity UE without a new GNSS position fix before for up to 60 seconds have marginal impact on delay error and frequency error. Further details in  [3]. The TAerror due to the position error of up to 11.6 us at UE velocity of 120 km/h can be corrected via closed-loop timing advance adjustment. The corresponding frequency error is 97 Hz. At higher speed velocity, the UE velocity and trajectory do not change abruptly. Extrapolation of the UE position in time with dead reckoning algorithms can be used to further mitigate the TA tracking error or Doppler shift tracking error due to UE mobility [4]. This should ensure a maximum TAerror and frequency error Fderror in the order of 5.8 us and 24.9 Hz assuming that the predicted position at 120 km/h has similar accuracy as that achieved by a UE moving at 60 km/h.
	Validity of UE location
	10 s
	 30 s
	60 s

	UE Velocity
	UEpos,error 
	TAerror 
	UEpos,error 
	TAerror 
	UEpos,error
	TAerror

	3 km/h
	4.2 m
	0.02 us
	25 m
	0.14 us
	50 m
	0.29 us

	30 km/h
	83.3 m
	0.48 us
	250 m
	1.4 us
	500 m
	2.9 us

	60 km/s
	166.7 m
	0.95 us
	500 m
	2.9 us
	1000 m
	5.8 us

	120 km/h
	333.3 m
	1.92 us
	1000 m
	5.8 us
	2000 m
	11.6 us


Table 1: TA tracking error due to UE mobility for elevation angle 30 degrees

	Validity      of UE location
	                                                                    
30 s
	 
60 s

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

	3 km/h
	25 m
	89.999 deg
	0.01 Hz
	50 m
	89.999 Hz
	0.61 Hz

	30 km/h
	250 m
	89.998 deg
	1.45 Hz
	500 m
	89.993 deg
	6.1 Hz

	60 km/s
	500 m
	89.993 deg
	6.1 Hz
	1000 m
	89.9 deg
	24.9 Hz

	120 km/h
	1000 m
	89.9 deg
	24.9 Hz
	2000 m
	89.87 deg
	97 Hz


Table 2: Doppler shift tracking error due to UE mobility at Nadir

Observation 1: The validity of the GNSS position fix duration can be in the order of 60 seconds for high-velocity UEs.

On the two options for UE shall autonomously determine how long a GNSS fix is valid:
· In option 1, an internal timer based on UE position or velocity prediction determines how long the GNSS position fix is valid and set autonomously the GNSS validity duration. This way does not require specification. The UE always knows how long the scheduled UL transmission is and also knows the duration of validity of the GNSS position fix. The UE behaviour is that it does not starts transmission if it cannot complete it before the GNSS position fix becomes outdated and does not transmit new data even if its buffer is not empty. The UE can send a BSR a BSR with a buffer size of zero indicates implicit “Release Assistance Indication” and the network can release the connection right away as further discussed below.
· In option 2, a specified timer is used by UE to set autonomously the GNSS validity duration. This way will require the network and UE to have same understanding on GNSS position fix validity duration. This can be achieved by specifying that the UE shall signal to the network the length of time that GNSS position fix is valid for to ensure common understanding on validity of GNSS position fix between the UE and eNB. This allows eNB to schedule UL transmission that starts while the UE has a valid GNSS position fix and ends before the GNSS position fix becomes outdated.  
On how does UE move to RRC_IDLE to re-acquire GNSS Position fix if GNSS Position fix needs refresh:
Rel-15 NB-IoT specified UE differentiation feature in TS 36.413. The stationary indication is provided by the NB-IoT module vendor in Subscription Based UE Differentiation Information and is stored in UE context. 
· This information is included in INITIAL CONTEXT SETUP REQUEST message , CONNECTION ESTABLISHMENT INDICATION message , UE INFORMATION TRANSFER message , HANDOVER REQUEST message, RETRIEVE UE CONTEXT RESPONSE message,  …
· There is no impact on UE since these messages are not exchanged over the Uu interface – i.e. no dedicated signalling. These are S1/X2 messages specified in TS 36.413.  This implies the network knows the UE is stationary, but the UE does not know it is stationary.
RAI(Release Assistant Indication) feature: In RAI, when the UE is aware of there is no more data to be received or transmitted, then UE can notify the network(by NAS signaling, MAC CE BSR) which can then release the connection faster for the purpose of power saving.  
· For Rel-14, If RAI is configured in MAC-MainConfig Information Element (TS 36.331 Section 6.3.2), a BSR with a buffer size of zero indicates implicit  “Release Assistance Indication” and the network can release the connection right away (TS 36.321 Section 5.4.5).
· For Rel-16, a new mac CE for RAI is specified for explicit Release Assistance Indication (TS 36.321 Section 6.1.3.19).

Observation 2: Suspend/resume of the connection with UE context stored in UE and network is User Plane optimization.
Proposal 1: For NB-IoT NTN, re-use Rel-14/16 Release Assistant Indication for fast release of RRC connection: 
Proposal 2: For NB-IoT NTN, Rel-15 UE differentiation for stationary / low-mobility devices can be used to share same understanding in UE and eNB that GNSS measurements are not needed during RRC_CONNECTED.
Proposal 3: RAN1 deprioritize discussions on the needs to support long connection.

Validity of satellite ephemeris 
The validity of satellite ephemeris for UL synchronization is under discussion in IoT NTN Work Item in Section 3 in FL summary in [3]. In RAN1#106-e, the following agreements were made:

Agreement:
· Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Common TA parameters if indicated and read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

Agreement:
The validity timer of UL synchronization is configured by the network
· FFS: Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters

Agreement:
UE in RRC_IDLE reads the satellite ephemeris on SIB and the common TA parameters if indicated on SIB and (re-)start the validity timer(s) for UL synchronization before moving to RRC_CONNECTED.
· FFS: Details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between gNB and UE.
· Other signaling details for validity timer are up to RAN2


Agreement:
· Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Common TA parameters if indicated and read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)

Agreement:
The validity timer of UL synchronization is configured by the network
· FFS: Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters

Agreement:
UE in RRC_IDLE reads the satellite ephemeris on SIB and the common TA parameters if indicated on SIB and (re-)start the validity timer(s) for UL synchronization before moving to RRC_CONNECTED.
· FFS: Details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between gNB and UE.
· Other signaling details for validity timer are up to RAN2
On whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters, a single Timer could be fine assuming prediction time and accuracy for ephemeris and common TA by the network are similar. It should be in the order of 10 seconds or greater.

Proposal 4: A single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters.

On the details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between eNB and UE:
· For Validity timer, the timer length maybe a cell specific value, while the start and stop should be triggered by UE. This way seems preferable as the UE knows when it reads the Satellite State Vector (SSV) ephemeris on the NTN SIB, whereas the eNB cannot know unless some rules are defined as further discussed below.
· UE knows which satellite ephemeris values the UE use during the subsequent data transmission.  For example, for UE1, there are two cases as illustrated in Figure 2. 
· In case1, UE1 use 1st SSV for data transmission. 
· In case2, UE1 use 2nd SSV for data transmission. 
· Then for case2, since the SSV is more up-to-date, UE could leave connected mode later.
· UE behaviour: UE reads SSV when in idle just before transmitting RACH when accessing cell. When timer expired, UE enter IDLE, can receive SIB again, re-start timer.
· Network behaviour: Network does not know when UE reads SSV on SIB and when timer is started by UE. Network implicitly knows UE started validation time at time of SIB just before RACH was transmitted by UE.

It is simper to use rule to ensure eNB and UE have same understanding on when the UE reads the SSV on NTN SIB before initiating RACH procedure. The other way is that UE provides UE Assistance Information  to say how long the SSV is valid based on configured validity timer via MAC CE if start of validity of timer is not done when reading SSV on SIB immediately before RACH transmission. RAN2 could further discuss how the SSV on NTN SIB is broadcast before the UE initiates the RACH procedure. This could be done simply by ensuring that the network schedule SSV on NTN SIB in a way that allows UE to initiate and complete RACH procedure including RACH preamble re-transmissions before another NTN SIB carrying SSV is scheduled.

Observation 3: Details of satellite ephemeris broadcast on NTN SIB before UE initiates RACH procedure can be further discussed in RAN2.

Proposal 5: UE (re-)start time for the validity timer for UL synchronization after reading satellite ephemeris on NTN SIB immediately before initiating RACH procedure.
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Figure 2: Cases for UE start validity timer on reading satellite State Vector (SSV) ephemeris on NTN SIB before transmitting RACH preamble

When the configured validity timer expires, the network sends UE to Idle using RRCConnectionRelease-NB message  and RRCConnectionResume-NB message  with rrc-suspend release cause set so UE should remain suspended and not release its stored contents. These RRC messages to release / resume RRC connection are sent by network to UE.
Proposal 6: When validity timer for UL synchronization expires, the network sends UE to Idle using RRCConnectionRelease-NB message and RRCConnectionResume-NB message  with rrc-suspend release cause set.

Long UL Transmission on PUSH and PRACH
The long PUSCH and long RACH transmission were discussed in IoT NTN Work Item in Section 4 in FL summary in [3].
RAN1#106-e made the following agreements:
Agreement:
The UL transmission segment duration is configured by the network
· FFS: Details of the configuration signalling.

Agreement:
· The UL transmission segment duration is provided by UE-specific RRC signalling or by signalling in SIB.
· NOTE: the values of UL transmission segment duration for NB-IoT can be different to those for eMTC

Long UL Transmission on PUSCH:
Agreement:
Duration of UL transmission segment for UE pre-compensation for PUSCH transmission is a number of PUSCH repetition units configured by the network
· For NB-IoT, repetition unit is  
· For eMTC, repetition unit is   for sub-PRB allocation, where Tslot = 0.5 ms. For full-PRB allocation, repetition unit is one subframe.
· NOTE1:  are defined in TS 36.211 10.1.2.3 and 10.1.3.6 for NB-IoT
· NOTE2: M_^UL_slot is defined in TS 36.211, 5.2.3A for eMTC
· FFS: RAN1 to further discuss valid and invalid subframes
· FFS: Configuration details

Agreement:
· For NB-IoT/eMTC NTN, the network configures one of K candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a k-bit field. 
· For NB-IoT, maximum 3-bit field with a maximum number of K=8 candidate values 2 ms, 4 ms, 8 ms, 16 ms, 32 ms, 64 ms, 128 ms, 256 ms  
· FFS: Down scoping of K candidate values, size of k-bit field
NOTE: the values of UL transmission segment duration for NB-IoT can be different to those for eMTC

Agreement:
For NB-IoT, if a mapping to Nslots slots or a repetition of the mapping in an UL transmission segment for UE pre-compensation for NPUSCH transmission contains a resource element which overlaps with any configured NPRACH resource, the NPUSCH transmission in overlapped Nslots slots is postponed until the next Nslots slots not overlapping with any configured NPRACH resource.
· NOTE: Nslots is defined in TS 36.211, 10.1.3.6

Long UL Transmission on PRACH:
Agreement:
Duration of UL transmission segment for UE pre-compensation for PRACH transmission is a number of RACH repetition units configured by the network
· For NB-IoT, repetition unit is P symbol groups.
· For eMTC, repetition unit is one preamble including guard period. 
· FFS: Configuration details

Agreement:
· For NB-IoT NTN, the network configures one of K values for the UL transmission segment duration of each PRACH preamble format in a k-bit field, where the size of the k-bit field and the number of K candidate values depend on the preamble format.
· Format 0 and format 1: 3-bit field, K=6 candidate values 2.4.(TCP+TSEQ), 4.4.(TCP+TSEQ), 8.4.(TCP+TSEQ), 16.4.(TCP+TSEQ), 32.4.(TCP+TSEQ), 64.4.(TCP+TSEQ)
· Format 2:  2-bit field, K=4 candidate values 2.6.(TCP+TSEQ), 4.6.(TCP+TSEQ), 8.6.(TCP+TSEQ), 16.6.(TCP+TSEQ)  
· FFS: Down scoping of K candidate values, size of k-bit field
· FFS: Whether the same segment duration can be used for all preambles within a preamble format

Agreement:
For eMTC, the network configures one of K values for the UL transmission segment duration of PRACH in a k-bit field.
· FFS: K candidate values, size of k-bit field

Coherence time and cyclic prefix:
If duration of UL transmission segment = N*Time units is longer than coherence time the combining gain may not be optimum and also the cyclic prefix may be broken. The maximum Satellite Delay drift per second is about 0.02us/ ms or 20 us/s one way over the service link at low elevation angles as illustrated for LEO @ 600 km in Figure 4. The corresponding maximum total Satellite Delay drift per second is 0.1us/ ms or 100 us/s two-way over the service link and feeder link. 
To be consistent with the specified transmit timing error Te = 80*Ts= 2.6 us for NB-IoT and Te = 24*Ts= 0.78 us  for eMTC in TS 36.133 Table 7.20.2-1, the UL transmission segment must be much smaller than 26 ms for NB-IoT and 8 ms for eMTC for the worst case assuming up to 100 us/s total satellite drift at low elevations. There should be some margin to allow for other factors contributing to the transmit timing error in NTN as discussed in RAN4. In most scenarios, the satellite delay drift can be much smaller or even zero us/s at nadir as illustrated on Figure 4. For these cases, it is no problem having a longer UL transmission segment of up to 256 ms. 
The UL transmission segment duration for the NPRACH can be up to the maximum number of repetitions of preamble duration of NPRACH for format 0, 1 of 64.4.(TCP+TSEQ) and for format 2 of 16.6.(TCP+TSEQ)  at high elevation angle. The UL transmission segment duration should be smaller than the specified transmit timing error Te = 80*Ts= 2.6 us.   
Observation 4: At high elevation angles, UL transmission segment duration of up to 256 ms can be configured for NPUSCH / PUSCH.
Observation 5: At low elevation angles, UL transmission segment duration smaller than 26 ms for NB-IoT and 0.78 us for eMTC can be configured for NPUSCH / PUSCH to be consistent with specified transmit timing error Te = 80*Ts= 2.6us and Te=24*Ts =0.78 us respectively in TS 36.133 Table 7.20.2-1.
For NPUSCH/PUSCH:
Observation 6: for NB-IoT / eMTC,  the need to down-scope the K candidate values for NPUSCH / PUSCH should be clarified.
For NPRACH:
Observation 7: for NB-IoT, the need to down-scope the K candidate values for NPRACH should be clarified.
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Figure 3: 1-way delay drift over service link in LEO @ 600 km

Phase discontinuity:

UE pre-compensation during UL transmission segment depends on Phase discontinuity Δφ which occurs  when UE pre-compensation of satellite delay is applied via sample skip at subframe boundary. The phase discontinuity value depends on satellite drift 0.1us/ ms (or 100 us/s) and sampling frequency Fs=180 kHz/2 and can be large as shown in Table 3. 





Observation 8: Assuming a UL transmission segment of several ms or 10 ms, the phase discontinuity could be in the order of several 10s of degrees, which would likely have significant impact on demodulation performance.


	Δf
	
	
	
	TRU 
	ΔTdrift 
	Δφ

	15 kHz
	12
	2
	7
	1 ms
	0.1 us
	3.36 deg

	15 kHz
	6
	4
	7
	2 ms
	0.2 us
	6.72 deg

	15 kHz
	3
	8
	7
	4 ms
	0.4 us
	13.44 deg

	15 kHz
	1
	16
	7
	8 ms
	0.8 us
	26.88 deg

	3.75 kHz
	1
	16
	7
	32 ms
	3.2 us
	103.68 deg



Table 3: Phase discontinuity  for NB-IoT NTN

Based on the above observation, new UL gaps to apply the UE pre-compensation will be needed between UL transmission segments. There are two options for duration of the new gaps:  

Option 1: Re-use 40 ms specified gap between UL transmission segments for NPUSCH/PUSCH and NPRACH. 
This is the simplest way for eNB scheduler as in cellular IoT a 40 ms transmission gap is already specified in TS 36.211. UEs transmitting have anyway different duration of long PUSCH  transmission or long NPRACH transmission as scheduled by UE-specific UL grant. This way about doubles the long UL transmission
· E.g. NPUSCH – e.g. assuming 32 ms UL transmission segment and long UL transmission of 256 ms, there are 256 ms / 32 ms - 1= 7 additional  gaps of 40 ms and transmission of NPUSCH including additional gaps is 536 ms as sown in Figure 4.
· E.g. NPRACH – e.g. assuming PRACH format 1 = 4.(TCP+TSEQ) = 6.4 ms and 8.4.(TCP+TSEQ) = 38.4 ms UL transmission segment and long UL transmission of 64.4.(TCP+TSEQ) = 409.6 ms, there are 409.6 ms/38.4 ms – 1 = 7 additional  gaps of 40 ms and transmission of NPRACH including additional gaps is 689.6 ms.
· for GEO, no impact on peak user throughput as UL transmission segment can be 256 ms and no new UL gap of 40 ms needed; 
· For LEO, no impact on peak user throughput for UE in good SNR conditions as UL transmission is likely to be smaller < 32 ms and no additional UL gap of 40 ms needed; for LEO in poor SNR conditions, impact can be 50% reduction of user throughput compare to no UL new gaps (about ~25% of max peak throughput in cellular with poor SNR conditions) which are still sufficient for data rates associated with sporadic short transmission.
· No impact on UE power consumption as it is up to UE behaviour to go into sleep mode during new UL gap of 40 ms to save power consumption

Option 2: Smaller gap ~1 ms:
This way may not be good way for eNB scheduler as at low SNR conditions it may be difficult to schedule UEs with UL transmission duration of 1 ms since repetitions may most likely be needed. The UL gaps will need to specified, which has  higher impact on the specifications. There is no difference on maximum peak throughputs compare to option 1, as these  are anyway achievable only at high SNR when repetitions are not needed. 

Proposal 7: For NB-IoT / eMTC, consider the following options for gaps between UL transmission segments for NPUSCH/PUSCH:
· Re-use legacy UL compensation gap of 40 ms.
· New gap of 1 ms.

Proposal 8: For NB-IoT / eMTC, consider the following options for gaps between UL transmission segments for NPRACH:
· Re-use legacy UL compensation gap of 40 ms.
· New gap of 1 ms.
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Figure 4: Illustration of additional gaps of duration 40 ms for long UL transmission in NTN

DL Synchronization
In Rel-17 IoT NTN Work Item [1], there is objective
· DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB.

The maximum Doppler shift budget for 2.17GHz assuming 100 kHz channel raster of 100 kHz is as follows:
· ±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: ±50Khz - ±11ppm (or ±20 ppm) *2.17GHz = ± 26.13 kHz (or 6.6 kHz)

The maximum Doppler shift at nadir is shown in Table 4 for various beam diameter sizes. The Doppler shift budget is exceeded for beam diameter in the order of 1000 km or above. 


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

	3dB Beam-width in degrees 
	8.86
	22.03
	77.7
	111.5

	Elevation angle at beam edge
	85.15
	77.93
	46.63
	25.26

	Max  Differential Doppler shift @fc=2.17 GHz
	+/-4.22KHz
	+/-10.44KHz
	+/-34.32KHz
	+/-45.19KHz



Table 4: Max Doppler shift @ 2 GHz
It was agreed in Rel-17 IoT NTN WID to down-select solutions for DL synchronization. We discuss the solutions below:

New Channel Raster: 
In this option, a new 200 kHz tone raster is used to accommodate +/-20 ppm and large beam spot of 2000 km in IoT NTN. The larger channel raster may be better for power consumption since less cell search time consumption due to less channel rasters. There is no significant impact on DL sync false detection rate at low SNR with channel raster 200 kHz expected, as it can anyway be mitigated by MIB CRC checking

Broadcast the DL frequency on SIB:
In this option, the legacy 100 kHz channel raster is used. There is mismatch of the Satellite Frequency Offset (SFO) and Carrier Frequency Offset (CFO) which arises when the UE makes an error on the DL carrier frequency from the satellite. This can occur when the UE detects the wrong channel raster or if DL common Doppler pre-compensation is used which is therefore unknown to the UE before it is able to decode the SIB.

It is simpler implementation to synchronize to the DL carrier frequency as early as possible with only using the MIB CRC for last checking of correct synchronization. Option 1 has also the added benefit of lower power consumption.

Proposal 9: New channel raster of 200 kHz is supported.


Synchronization aspects common to IoT NTN and NR NTN

RAN1#106e made agreement in NR NTN on 


Agreement:
Confirm the working assumption on non-extension of TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.
Agreement:
· 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:
 ,


The agreements from NR NTN above can be re-used for IoT NTN as working assumption with some revisions to account for the different granularity in NB-IoT and eMTC.

In NB-IoT, the TAC in Random Access Response is an 11-bit field. The TAC in MAC CE TAC is a 6-bit field. The adjustment is in number of samples and no scaling by numerology (hence, drop 64 and the 1/2µ factor in the adjustment formula)

Proposal 10: For NB-IoT NTN, NTA update based on TA Command field in msg2 and MAC CE TA command is used for UL timing alignment correction as follows:
· No extension on TAC 11-bit field in Random Access Response (TS 36.213 Section 16.1.2)
· When TAC (TA) in Msg2 is received, UE first adjustment and NTA is adjusted as follows: NTA,new = NTA,old +  TA 16, FFS: the value of NTA_old, where TA is the timing advance command in msg2.
· In other cases, a 6-bit timing advance command, TA, indicates adjustment of the current NTA value, NTA,old, to the new NTA value, NTA,new, by index values of TA = 0, 1, 2,..., 63, where NTA,new = NTA,old + (TA 31)16. Here, adjustment of NTA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given amount respectively.


Conclusion
In this contribution, we summarize issues and discuss potential solutions. We made the following observations and proposals 
GNSS measurements for sporadic short transmissions:
Observation 1: The validity of the GNSS position fix duration can be in the order of 60 seconds for high-velocity UEs.
Observation 2: Suspend/resume of the connection with UE context stored in UE and network is User Plane optimization.
Proposal 1: For NB-IoT NTN, re-use Rel-14/16 Release Assistant Indication for fast release of RRC connection: 
Proposal 2: For NB-IoT NTN, Rel-15 UE differentiation for stationary / low-mobility devices can be used to share same understanding in UE and eNB that GNSS measurements are not needed during RRC_CONNECTED.
Proposal 3: RAN1 deprioritize discussions on the needs to support long connection.

Validity timer for UL synchronization:
Proposal 4: A single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters.

Observation 3: Details of satellite ephemeris broadcast on NTN SIB before UE initiates RACH procedure can be further discussed in RAN2.

Proposal 5: UE (re-)start time for the validity timer for UL synchronization after reading satellite ephemeris on NTN SIB immediately before initiating RACH procedure.

Proposal 6: When validity timer for UL synchronization expires, the network sends UE to Idle using RRCConnectionRelease-NB message and RRCConnectionResume-NB message  with rrc-suspend release cause set.

Long UL Transmission on PUSCH:
Observation 4: At high elevation angles, UL transmission segment duration of up to 256 ms can be configured for NPUSCH / PUSCH.
Observation 5: At low elevation angles, UL transmission segment duration smaller than 26 ms for NB-IoT and 0.78 us for eMTC can be configured for NPUSCH / PUSCH to be consistent with specified transmit timing error Te = 80*Ts= 2.6us and Te=24*Ts =0.78 us respectively in TS 36.133 Table 7.20.2-1.
For NPUSCH/PUSCH:
Observation 6: for NB-IoT / eMTC,  the need to down-scope the K candidate values for NPUSCH / PUSCH should be clarified.
For NPRACH:
Observation 7: for NB-IoT, the need to down-scope the K candidate values for NPRACH should be clarified.

New UL gaps for Long UL Transmission:
Observation 8: Assuming a UL transmission segment of several ms or 10 ms, the phase discontinuity could be in the order of several 10s of degrees, which would likely have significant impact on demodulation performance.

Proposal 7: For NB-IoT / eMTC, consider the following options for gaps between UL transmission segments for NPUSCH/PUSCH:
· Re-use legacy UL compensation gap of 40 ms.
· New gap of 1 ms.

Proposal 8: For NB-IoT / eMTC, consider the following options for gaps between UL transmission segments for NPRACH:
· Re-use legacy UL compensation gap of 40 ms.
· New gap of 1 ms.
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DL Synchronization:
Proposal 9: New channel raster of 200 kHz is supported.

Synchronization aspects common to IoT NTN and NR NTN:
Proposal 10: For NB-IoT NTN, NTA update based on TA Command field in msg2 and MAC CE TA command is used for UL timing alignment correction as follows:
· No extension on TAC 11-bit field in Random Access Response (TS 36.213 Section 16.1.2)
· When TAC (TA) in Msg2 is received, UE first adjustment and NTA is adjusted as follows: NTA,new = NTA,old +  TA 16, FFS: the value of NTA_old, where TA is the timing advance command in msg2.
· In other cases, a 6-bit timing advance command, TA, indicates adjustment of the current NTA value, NTA,old, to the new NTA value, NTA,new, by index values of TA = 0, 1, 2,..., 63, where NTA,new = NTA,old + (TA 31)16. Here, adjustment of NTA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given amount respectively.
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