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Introduction
In RAN1#106-e, the following agreements for NB-IoT over NTN were achieved.
	[bookmark: _Hlk77867686]Agreement:
The following agreements from NR NTN are re-used for IoT NTN as working assumption.
a) The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.
b) The orbital propagator model to be used at UE side can be left to implementation
c) Timing Advance formula can be transposed to IoT-NTN with Ts used instead of Tc 
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 in NR NTN WI. 
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 in NR NTN WI.
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:
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:
The UL transmission segment duration is configured by the network
· FFS: Details of the configuration signalling.
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.
· [bookmark: _Hlk82593297]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:
· 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 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
Agreement:
The following agreement from NR NTN are re-used for IoT NTN as working assumption
f. In Rel-17 IoT-NTN, at least support UE which can compute timing advance and frequency adjustment for serving link based on its GNSS position and serving satellite ephemeris signalled by the network and apply corresponding timing advance and frequency adjustment in RRC_IDLE and RRC_CONNECTED modes
g. Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
FFS: Whether this starting time is given by predefined rule, or it is indicated by the Network
Agreement:
· The UL transmission segment duration is provided by UE-specific RRC signaling or by signaling in SIB.
· 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


Based on FFS and FL summary R1-2108640, the following discussions are needed.
· Synchronization aspects common to IoT NTN and NR NTN
· Long UL transmission on PUSH and PRACH
· Validity timer for UL synchronization

Discussion
Synchronization aspects common to IoT NTN and NR NTN
Synchronization intends to leverage results from NR NTN. FFS relates to common TA and Epoch time. For common TA, no related agreements in RAN1#106-e were achieved in NR NTN. It is reasonable to wait. For Epoch, the latest agreement in RAN#106-e has been captured. No additional discussion is needed.
[bookmark: _Toc83669018]Signaling for common TA shall wait for NR NTN’s agreements in RAN1#106-bis-e.
[bookmark: _Toc83669019]Starting time of Epoch shall wait for NR NTN’s agreements in RAN1#106-bis-e.

Long UL transmission on PUSH and PRACH
Long UL transmission enhancement intends to handle the delay drift rate of 93 us/s during the repetition. The remaining issues are 1) overlapping; 2) valid and invalid subframes; and 3) configuration details.
[image: Diagram
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[bookmark: _Ref82763118]Figure 1: Long UL transmission enhancement in IoT over NTN
For overlapping, Figure 1 gives an illustration of the enhancement. When UL segmentation is enabled, there are two cases based on whether UE-eNB RTT is decreasing (case 1) or increasing (case 2). 
If decreasing (case 1), UE shall add some gaps due to TA adjustment to postpone the repetition units, which ensures eNB receives the long UL transmission without gaps among the repetitions. No additional enhancement is needed based on RAN1#106 agreements.
[bookmark: _Toc83669020]If UE-eNB RTT decreases during long UL transmission, UE shall add additional transmission gaps due to applying different TA adjustments. (No additional enhancements based on RAN1#106-e)
If increasing (case 2), UE could 1) complete transmission of repetition unit n and not transmit the overlapped part of repetition unit n+1; or 2) drop the overlapped part of repetition unit n; 3) drop the whole repetition unit n; or 3) postpone repetition unit n+1 until the next slot not overlapping (including TA impact) with any configured NPRACH or NPUSCH resource.
[bookmark: _Toc83669021]If UE-eNB RTT increases during long UL transmission, UE could 1) complete transmission of unit n and not transmit the overlapped part of unit n+1; 2) truncates transmission of unit n; 3) drop the whole transmission of unit n, and 3) add additional transmission gaps to postpone unit n+1 unit a next slot not overlapping (including TA impact) with its repetitions or UL resources. (Enhancement is needed)
Note that RAN1#106-e’s agreement only covers overlapping between NPUSCH and NPRACH. Discussion related to self-overlapping due to segmentation is missing.
[bookmark: _Toc82782362]RAN1 shall discuss overlapping between repetition units of the same UL transmission due to applying different TA adjustments.
For valid and invalid subframes, it is used to reserve UL resources for coexistence between NR and NB-IoT via a bitmap for indicating valid/invalid subframes. However, as shown in TR 36,763, the co-existence between NTN NR and NTN IoT is beyond the scope of the Rel-17 IoT NTN study.
	3GPP TR 36.763 V17.0.0
Prioritize standalone deployment for NB-IoT / eMTC for support in Rel-17 timeframe


Considering whether a normative phase would include such a study would require discussions at RAN and RAN4 levels, it is reasonable to de-prioritize this discussion in RAN1.
[bookmark: _Toc83669022]Deprioritize FFS: RAN1 to further discuss valid and invalid subframes
For configuration details, the UL transmission segment duration provided by UE-specific RRC signaling or by signaling in SIB has been agreed in RAN1#106-e. Considering NB-IoT UEs do not read SIB and UE-eNB RTT variation (increasing or decreasing) may result in different UE behavior, UE-specific segment duration shall be supported.
[bookmark: _Toc83669023]Support both UE-specific RRC signaling and SIB broadcasting for the UL transmission segment duration.
To down scoping of K candidates, K = 256 ms is obvious not needed since a UL Compensation Gap of 40 ms is specified if it needs to transmit on UL for > 256 ms. Propose replacing it with a reserved bit.
[bookmark: _Toc83669024]For NB-IoT, consider a 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, and a reserved bit.
  


Validity timer for UL synchronization
The validity timer may be used to stop UL transmission when there is no valid ephemeris or common TA parameters. The remaining issues are 1) FFS: whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters, and 2) FFS: Details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between gNB and UE.
For one or multiple validity timers, when UL timing is considered only, UL timing is controlled by the closed and open control loops. If ephemeris or common TA parameters are not valid, UE may lose the open control loop. Both shall be maintained and having a single timer for both results in difficulty to define precise (re-)start time.
[bookmark: _Toc83669025]Separated validity timers for satellite ephemeris and common TA parameters shall be supported.
After UE lost the open control loop, to maintain UL synchronization, solely relying on the closed control loop leads to a signaling overhead penalty. To align with the validity of GNSS, UE in RRC_CONNECTED should go back to idle mode if the validity timer is not running.
[bookmark: _Toc83669026]When the validity timer is not running, UE in RRC_CONNECTED should go back to idle mode.
For precise (re-)start time, if separated validity timers are supported, then the precise (re-)start time for ephemeris timer may be the time when ephemeris is received, and the precise (re-)start time for common TA parameters could be the time when common TA parameters are received.
[bookmark: _Toc83669027]The precise (re-)start time for ephemeris shall be the time when ephemeris is received.
[bookmark: _Toc83669028]The precise (re-)start time for common TA shall be the time when common TA parameters are received.

Conclusion
In this contribution, we have the following observations
Observation 1	RAN1 shall discuss overlapping between repetition units of the same UL transmission due to applying different TA adjustments.
Based on observations, the following proposals are made
Proposal 1	Signaling for common TA shall wait for NR NTN’s agreements in RAN1#106-bis-e.
Proposal 2	Starting time of Epoch shall wait for NR NTN’s agreements in RAN1#106-bis-e.
Proposal 3	If UE-eNB RTT decreases during long UL transmission, UE shall add additional transmission gaps due to applying different TA adjustments. (No additional enhancements based on RAN1#106-e)
Proposal 4	If UE-eNB RTT increases during long UL transmission, UE could 1) complete transmission of unit n and not transmit the overlapped part of unit n+1; 2) truncates transmission of unit n; 3) drop the whole transmission of unit n, and 3) add additional transmission gaps to postpone unit n+1 unit a next slot not overlapping (including TA impact) with its repetitions or UL resources. (Enhancement is needed)
Proposal 5	Deprioritize FFS: RAN1 to further discuss valid and invalid subframes
Proposal 6	Support both UE-specific RRC signaling and SIB broadcasting for the UL transmission segment duration.
Proposal 7	For NB-IoT, consider a 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, and a reserved bit.
Proposal 8	Separated validity timers for satellite ephemeris and common TA parameters shall be supported.
Proposal 9	When the validity timer is not running, UE in RRC_CONNECTED should go back to idle mode.
Proposal 10	The precise (re-)start time for ephemeris shall be the time when ephemeris is received.
Proposal 11	The precise (re-)start time for common TA shall be the time when common TA parameters are received.
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