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[bookmark: _Ref54129494]Introduction
Time and frequency synchronization enhancements for IoT-NTN were discussed in RAN1#106e. The final FLS summary for the time and frequency synchronization enhancement agenda item in RAN1#106e was provided in [3].

This document covers the following remaining issues related to time and frequency synchronization for IoT-NTN:
· Validity timing for ephemeris information and common TA parameters
· Validity of GNSS position fix
· Segmentation of long PUSCH and PRACH transmissions

[bookmark: _Hlk63428477]Validity timing for ephemeris information and common TA parameters
Background
The final FLS summary for this issue in RAN1#106e [3] contains the following conclusion:

The following agreements were made in RAN1#106e. Moderator view is that the FFS on single validity timer or separate validity timers can be discussed in next meeting in RAN1#106b-e in October. Commenting companies have indicated a preference for UE stay in connected and read SIB to refresh ephemeris / common TA parameters. This would suggest that further discussion and contribution are needed in RAN1#106b-e to to have some common understanding on long connection or multiple (sporadic) short transmissions using a valid ephemeris and common TA parameters if indicated on SIB. One concern was the need to leave RRC_CONNECTED and frequent transitions from RRC_CONNECTED to RRC_IDLE.  

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



The following agreement related to ephemeris information was further agreed:

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

Discussion
Procedure for transmission of UL short transmission
There was an agreement in RAN1#106e that the satellite ephemeris and common TA parameters that are read on SIB are valid for the duration of a sporadic short transmission in RRC_CONNECTED. Our understanding of the intent of this agreement is that it defines that the UE does not need to read SIB for satellite ephemeris or common TA parameters during the time that the UE is engaged in a short transmission. It is up to the UE to ensure that it only starts a short [sporadic] transmission if it is confident that satellite ephemeris and common TA parameters will be valid for more than the length of the short [sporadic] transmission. Before starting a transmission, the UE should estimate:
· TULTX: The time it will take to transmit the short transmission.
· Tvalid: The remaining time for which the satellite ephemeris and common TA parameters will be valid

In order to be confident of completing the transmission, the UE should only start the UL transmission if Tvalid > TULTX.
The UE hence needs to estimate TULTX and Tvalid.
TULTX can be estimated based on the UE’s understanding of its coverage, which can be derived from measurements and estimates of the number of repetitions required for transmission.
Tvalid can be determined based on the remaining time for which the ephemeris information is valid. This time can be calculated from the validity duration of the ephemeris information and the time at which that ephemeris information was first transmitted, as shown in Figure 1. In the figure, new ephemeris information is transmitted at T0 and this ephemeris information is valid for an ephemeris validity duration, TD. The ephemeris information is updated with more up to date information at time T2. The UE reads one of the repeated transmissions of the SIB at time T1 and determines that the ephemeris information is valid for a further time of Tvalid = TD – (T1 – T0). If the UE is in good coverage, the time that the UE would take to transmit a short UL transmission, TULTX_good, would be less than Tvalid and the UE can hence transmit the PUSCH. If the UE is in poor coverage, the time that the UE would take to transmit a short transmission, TULTX_poor, would be greater than Tvalid and the UE should hence refrain from transmitting PUSCH. If this UE were to re-read the ephemeris information right after it is next updated (i.e. after time T2), the UE may be able to transmit its PUSCH within the new validity duration of the new ephemeris information.
[image: ] 
[bookmark: _Ref83991264]Figure 1 – Determination of whether PUSCH can be transmitted based on ephemeris validity
From the above discussion, the UE needs to know the following information in order to determine whether the ephemeris information is valid for the duration of a short [sporadic] UL transmission:
· T0: the start time of transmission of the ephemeris information in SIB
· TD: the ephemeris validity duration

It is natural to signal both the start time of transmission of the ephemeris information and the ephemeris validity duration in SIB.
Proposal 1: SIB signals (1) the start time of transmission of the ephemeris information and (2) the ephemeris validity duration.

The common TA parameters can also be signalled in SIB and similar timing information to that used for ephemeris information is required for the common TA parameters.
Proposal 2: SIB signals (1) the start time of transmission of the common TA parameters and (2) the validity duration of the common TA parameters.
Since the common TA parameters can change more quickly than the ephemeris information, the frequency / periodicity of ephemeris information and common TA parameter signalling can be different.
Proposal 3: The validity information for ephemeris information and common TA parameter signalling can be transmitted with different frequency / periodicity.

Validity of GNSS position fix
Background
The final FLS summary for this issue in RAN1#106e [3] contains the following recommendation:
FL Recommendation: In order to make progress, companies could focus on what is required to be specified for the following:
·  (GTW 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.
· 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.   
Discussion
The UE knows its speed either from GNSS measurements or from configuration information (e.g. a fixed sensor can be programmed with information on its location and stationary status when it is installed or deployed). Hence the UE can autonomously determine how long its GNSS position fix is valid for. 
The UE is able to estimate how long an UL transmission will take based on knowledge of the amount of UL data to transmit and the coverage conditions of the UE (e.g. based on RSRP measurements). However, the UE is unaware of the state of the gNB scheduler. While the UE might have an estimate of the length of time that an UL transmission would take, it doesn’t know when it would be scheduled and hence doesn’t know whether its UL transmission would be completed before the GNSS position fix becomes invalid.
Observation 1: The UE can estimate the length of time required for an UL transmission based on the amount of data to transmit and the coverage conditions at the UE.
Observation 2: The UE does not know when it will be scheduled by the eNB.
Observation 3: The UE does not know whether its UL transmission will complete before its GNSS position fix becomes invalid.

Based on the above observations, it would be beneficial if the UE signalled the validity time of its GNSS position fix to the eNB. The eNB could then attempt to schedule the UE before the GNSS position fix became invalid (e.g. the eNB could schedule a fast moving UE whose GNSS position fix is going to soon become invalid before a stationary UE).
Proposal 4: The UE can signal the length of time that its GNSS position fix will remain valid to the eNB. The eNB may take this information into account when scheduling UEs.

For cases where the UE is scheduled via DL signalling, such as via paging or a long DRX cycle, it is preferable from a power consumption perspective that the UE only has to make a GNSS measurement if the UE is actually paged / scheduled. In this case, there should be enough time between the DL paging / scheduling message to allow the UE to make a GNSS measurement before transmitting in the uplink.


Long UL transmission on PUSCH and PRACH
Background
The final FLS summary for this issue in RAN1#106e [3] contains the following conclusion:
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

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 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

Discussion
NB-IoT UL segment duration for NPRACH
There is a remaining FFS on whether there should be fewer UL transmission segment duration defined. Defining fewer (smaller ‘K’) UL transmission segments might save a single bit in the RRC signalling of the assigned UL transmission segment length. We think that this signalling optimization is unnecessary.
Proposal 5: There is no down-scoping of the UL transmission segment durations that were agreed in RAN1#106e. This applies for both eMTC and NB-IoT. It applies for both PRACH and PUSCH.
There is also a remaining FFS on whether the same segment duration can be used for all preambles within a preamble format. Our understanding of the motivation of having different segment durations for different NPRACH preamble formats would be to optimize some preambles within a preamble format for some scenarios, for example some preambles could have a shorter UL transmission segment duration if used for high speed UEs and other preambles could have a longer UL transmission segment duration if used for low speed UEs. We think that this level of optimization is not necessary.
Proposal 6: The same segment duration can be used for all preambles within a preamble format.

eMTC UL segment duration for PRACH
The timing advance value should be maintained for the same UL segment duration regardless of the UL channel in question. Hence for eMTC, we propose that, for PRACH (as for PUSCH) the network configures one of K candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a k-bit field. 
· There is 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  

Proposal 7: For eMTC NTN, the network configures one of K candidate values for the UL transmission segment duration of PRACH 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  


Conclusions
This document considered enhancement to time and frequency sychronisation for IoT-NTN and made the following observations and proposals.
Proposal 1: SIB signals (1) the start time of transmission of the ephemeris information and (2) the ephemeris validity duration.
Proposal 2: SIB signals (1) the start time of transmission of the common TA parameters and (2) the validity duration of the common TA parameters.
Proposal 3: The validity information for ephemeris information and common TA parameter signalling can be transmitted with different frequency / periodicity.
Observation 1: The UE can estimate the length of time required for an UL transmission based on the amount of data to transmit and the coverage conditions at the UE.
Observation 2: The UE does not know when it will be scheduled by the eNB.
Observation 3: The UE does not know whether its UL transmission will complete before its GNSS position fix becomes invalid.
Proposal 4: The UE can signal the length of time that its GNSS position fix will remain valid to the eNB. The eNB may take this information into account when scheduling UEs.
Proposal 5: There is no down-scoping of the UL transmission segment durations that were agreed in RAN1#106e. This applies for both eMTC and NB-IoT. It applies for both PRACH and PUSCH.
Proposal 6: The same segment duration can be used for all preambles within a preamble format.
Proposal 7: For eMTC NTN, the network configures one of K candidate values for the UL transmission segment duration of PRACH 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  
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