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[bookmark: _Ref54129494]Introduction
This document considers the remaining issues in time and frequency synchronization for IoT-NTN. These issues are applicable to both eMTC and NB-IoT.
The document is structured around the procedure of how a UE determines that it is able to transmit a short transmission within the available time and what can be done in the error case that the UE will lose UL synchronization before completing the short transmission.

[bookmark: _Hlk63428477]Completing short transmissions while UL synchronization is valid
Background
The following agreements were made in RAN1#106e [3]:

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:
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

The following were agreed in RAN1#106bis_e [4]:
Agreement:
The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data).
· FFS: Precise definition of epoch time taking into account SIB repetitions

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA parameters are signalled in the same SIB message.
Agreement:
RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified: 
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED 
· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated 
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.
· UE signalling to indicate the validity timer for UL synchronization is about to expire

Our understanding of these agreements then leads to the following issues, as detailed in Table 1:
[bookmark: _Ref87036602]Table 1 – Agreements and issues related to short transmissions while UL synchronization is valid
	Agreement
	Issue to be resolved

	· 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)
	A sporadic short transmission is defined as being a transmission that can be completed within the validity timer of the ephemeris information transmitted on SIB.
Issue 1: How to ensure the UE only starts a short transmission if there is a reasonable prospect of it completing the transmission before the validity timer expires.

	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
	While in IDLE mode, the UE will determine how long the satellite ephemeris information on SIB is valid and the remaining time of the validity timer can be re-used for the short transmission in CONNECTED mode.
Issue 2: There is a limited time in CONNECTED mode for the UE to complete its short transmission.
Issue 3: The UE needs to calculate when the validity timer will expire.
  

	The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data).
· FFS: Precise definition of epoch time taking into account SIB repetitions
	The validity timer starts at the “epoch time” of the serving satellite ephemeris data.
We understand that the epoch time is the time from which the serving satellite ephemeris data starts to be valid.
Issue 4: Definition and configuration of epoch time, where the epoch time is the start time of the validity of the ephemeris information.

	RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified: 
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED 
· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated 
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.
· UE signalling to indicate the validity timer for UL synchronization is about to expire

	While the UE should only start a short transmission if it can be confident that it can complete it before the validity timer expires, RAN2 may specify UE behaviour in the exceptional case that the validity timer expires while the UE is in the middle of a short transmission.
Issue 5: Any RLF procedure that may be specified by RAN2 is for exceptional situations. The UE should complete its short transmission before an RLF procedure is triggered.   




Discussion
Figure 1 illustrates the issues related to the UE communicating with short transmissions while UL synchronization is valid.

[image: ]
[bookmark: _Ref87036648]Figure 1 - Issues to short transmissions while UL synchronisation is valid
The UE has to undertake the following procedure when data arrives in its UE buffers and it starts a short mobile-originated transmission:
· UE reads SIB containing ephemeris information
· UE determines value of validity timer from SIB
· UE determines the current age of the ephemeris information on SIB [issue 4]
· UE calculates the remaining time for which ephemeris information on SIB is valid [issue 3]
· UE decides whether it can complete a short transmission during the remaining validity time [issue 1]
· If the UE estimates that there is sufficient time to complete the short transmission:
· UE performs initial access
· UE moves to CONNECTED mode
· UE takes part in signalling exchange in order to communicate its short transmission
· RRC connection is released gracefully
· If the UE short transmission time exceeds the validity time of the ephemeris information, the UE undertakes a modified RLF procedure or moves to IDLE [issue 5]
· Note: this should be an exceptional situation that should be avoided 

Some of these steps are elaborate in more detail below. We refer to the SIB carrying ephemeris information as “SIB-EPH”:
UE reads SIB containing ephemeris information
The SIB containing ephemeris information has not yet been defined by RAN2. We assume that the SIB is repeated a number of times before the SIB is updated with new ephemeris information. Hence the SIB-EPH may be repeated multiple times at the RRC layer before it changes due to updated ephemeris information. The SIB-EPH repetition at the RRC layer allows different UEs to attach to the cell at different times. The RRC layer SIB-EPH repetitions are then subject to repetition at the physical layer, where the physical layer repetition allows for coverage extension.
UE determines value of validity timer from SIB
It has been agreed that a validity timer is configured by the network. This validity duration should be signalled in SIB-EPH. The validity duration is finite (of the order of 20-30 seconds) and is needed because the orbital propagation models are not sufficiently accurate / realistic to precisely characterize the orbit experienced by the satellite. The UE can determine the validity timer duration, tD, once it has been decoded from SIB-EPH.
UE determines current age of the ephemeris information on SIB
The UE needs to know when the SIB-EPH was initially transmitted, i.e. the epoch time of the SIB, t0. Based on the current time, t1, and the time at which the SIB-EPH was initially transmitted, the UE can determine the current age of the ephemeris information on SIB:
tSIB_age = t1 – t0
Proposal 1: The epoch time of the current ephemeris information is defined as the time that the first physical layer repetition of the first RRC level repetition of the current ephemeris information is transmitted.
Proposal 2: The epoch time of the current ephemeris information is transmitted on SIB.

UE calculates the remaining time for which ephemeris information is valid
The remaining time for which SIB is valid is the validity timer duration minus the SIB age:
Teph_valid = tD – tSIB_age

UE decides whether it can complete a short transmission during the remaining validity time 
The UE needs to decide whether it can complete a short transmission during the remaining validity time as it has been agreed that “The duration of the short transmission is not longer than the “validity timer for UL synchronization”.
In order to decide whether it can complete the short transmission during the remaining validity time, the UE must estimate the time required to complete the short transmission and compare that to the remaining validity time.
The main component of the short transmission is likely to be a PUSCH transmission carrying mobile originated data. The UE knows the number of bits in this message since the message is contained within the UE’s transmit buffers. The UE can estimate the time required to transmit the PUSCH based on:
· Transport block size. The UE can estimate this size based on the number of bits in its transmit buffers 
· Pathloss. This can be derived from SIB information and RSRP measurements
· Noise and interference at eNB. This can be assumed by the UE
· SNR vs data rate relationship. This information can be known by the UE according to UE implementation

The UE can then calculate an initial estimate of the time to complete a short transmission, tPUSCH.
However, the UE does not know the scheduling load at the eNB or whether the eNB is likely to schedule the UE immediately with one large transport block or schedule the UE with multiple smaller transport blocks, allowing other UEs to be co-scheduled with this UE, e.g. in a round-robin fashion. The UE also does not know how long the initial access procedure is likely to take (the initial access procedure needs to be completed within the remaining validity time since the UE had to read the ephemeris information in IDLE mode, according to previous RAN1 agreements). The eNB should hence send scaling / correction information to allow the UE to better estimate the time to transmit the short transmission. The scaling / correction information also allows the eNB to control the rate of short transmission failures within the cell.
The scaling correction information can consist of
· Scaling factor, SF. A multiplicative scaling factor can account for the scheduling strategy and loading at the eNB. 
· Time offset, toffset. An additive time offset can account for the time taken to undertake initial access.

The UE estimate for the time to complete the short transmission is then:
Tshort = tPUSCH * SF + toffset

Proposal 3: The UE estimates the time it will take to complete a short transmission based on the amount of data to transmit, measurements and scaling / correction information transmitted in SIB.
Proposal 4: SIB configures a scaling factor and time offset to allow the UE to calculate the time to complete its short transmission.

The UE compares its estimate of the time to complete the short transmission with the remaining time for which the ephemeris information is valid (i.e. the validity timer for UL synchronization). If the transmission is shorter than the remaining validity time for UL synchronisation, the UE commences transmission of its short transmission. On the other hand, if there is insufficient time to complete the short transmission, the UE can wait until the next update of ephemeris information and try again. Alternatively, the UE can attempt to shorten the length of the short transmission (e.g. the application can send less data, if possible). i.e.:
If Tshort < Teph_valid, the UE starts its short transmission.

Proposal 5: The UE only commences a short transmission if its estimate of the duration of the short transmission is less than the remaining validity time of UL synchronisation.

UE undertakes short transmission
If the UE estimates that it can complete the short transmission before expiry of the UL synchronization validity timer:
· UE performs initial access
· UE moves to CONNECTED mode
· UE takes part in signalling exchange in order to communicate its short transmission
· RRC connection is released gracefully
· UE returns to IDLE mode.
· After a “sporadic” duration, the UE can send another short transmission


RLF procedure for exceptional / error cases
If the UE short transmission time exceeds the validity time of the ephemeris information, the UE undertakes a modified RLF procedure or moves to IDLE. Note: this should be an exceptional situation that should be avoided.
Before the validity timer for UL synchronisation expires, the UE would know that it will lose UL synchronization before the short transmission has completed. For example, if the UE is scheduled with a PUSCH with a number of repetitions that will take a time longer than the time remaining on the UL synchronization validity timer, the UE would know that it cannot complete the short transmission in time. If the UE knows that it will not be able to complete the short transmission in time, it can send an indication of imminent loss of UL sychronisation to the eNB.
On reception of an indication of imminent loss of UL synchronization from the UE, the eNB could either:
· Send satellite ephemeris information to the UE via UE-specific signalling. The UE may then update its UL synchronization based on this UE-specific satellite ephemeris information
· Release the RRC Connection. The UE can then re-attempt to send the short transmission once it has re-read ephemeris information on SIB.
· Allow the UE to suspend the RRC connection in order to read SIB. RRC Suspend / Resume signalling can be used to implement this functionality.

Proposal 6: If an ongoing short transmission cannot be completed within the validity time of UL synchronization, the UE informs the network of imminent loss of UL synchronisation.


Conclusions
This document considered the procedure of how a UE determines that it is able to transmit a short transmission within the available time and what can be done in the error case that the UE will lose UL synchronization before completing the short transmission. The following proposals are made:
Proposal 1: The epoch time of the current ephemeris information is defined as the time that the first physical layer repetition of the first RRC level repetition of the current ephemeris information is transmitted.
Proposal 2: The epoch time of the current ephemeris information is transmitted on SIB.
Proposal 3: The UE estimates the time it will take to complete a short transmission based on the amount of data to transmit, measurements and scaling / correction information transmitted in SIB.
Proposal 4: SIB configures a scaling factor and time offset to allow the UE to calculate the time to complete its short transmission.
Proposal 5: The UE only commences a short transmission if its estimate of the duration of the short transmission is less than the remaining validity time of UL synchronisation.
Proposal 6: If an ongoing short transmission cannot be completed within the validity time of UL synchronization, the UE informs the network of imminent loss of UL synchronisation.
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