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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN1 #109 meeting, most of the discussion on IoT over NTN in RAN1 has been completed with agreements. Implicit signaling on epoch time is remaining for further discussion, which we will discuss and provide our views on these points. Additionally, we also provide our views and proposals for remaining issues, for completion of Rel17.
Discussion
Signaling on epoch time
In the previous RAN1 meeting the following was discussed with regards to Epoch time for NTN SIB:
[bookmark: _Hlk68691077]· Otherwise, when Epoch time is not explicitly indicated in SIB, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the NTN-specific SIB is transmitted.
· Note: The NTN-specific SIB is expected to be updated per SI window
· Note: The UE shall not assume that the NTN-specific SIB is constant across SI windows

This discussion is in conflict with the current release 16 specification of TS 36.331, which in section “5.2.1.2a Scheduling for NB-IoT” states:
The UE is not required to accumulate several SI messages in parallel but may need to accumulate a SI message across multiple SI windows, depending on coverage condition.

Thus, the UE is allowed to accumulate SI messages across SI windows to ensure reliable reception and decoding of SI messages even in challenging propagation conditions. It may be problematic for NTN UEs to prohibit this accumulation feature, because their link budget is effectively reduced.
In the addition to the UE not being able to assume the NTN SIB is constant across SI windows, the network will also not necessarily update the assistance information for every SI window (being in the range 160-1600 ms for NB-IoT). There are multiple reasons for this including the fact that the ephemeris will be provided from the satellite control center and that it may not be delivered with sufficient granularity to warrant such frequent updates. Furthermore, the time domain difference between SI window and granularity of the ephemeris, provided by the satellite control center, means it may not be possible for the eNB to transmit the ephemeris in a SI window that fits the Epoch time and thus the implicit Epoch time will be incorrect if derived based on the SI window.
This means the UE cannot use the start or end of an SI window as an implicit indication of the Epoch time, because the NTN SIB of the SI window may not have been updated since the previous SI window, where the network may consider the Epoch to be started, or there will cause non-aligned understanding on epoch time between UE and network. Thus implicit signaling of the Epoch time does not work as illustrated in Figure 1. 
Observation 1: Implicit indication of the Epoch time of assistance information in NTN SIB does not work, because the assistance information may not necessarily be updated every SI window.
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[bookmark: _Ref101447793]Figure 1 Implicit Epoch time indication issue.
Therefore, only explicit signaling of Epoch time shall be specified for IoT NTN. Note, the same line of arguments are valid for NR NTN.
Proposal 1: Only explicit signaling of Epoch time for assistance information shall be specified for IoT NTN.
To ensure this is reflected in relevant specifications RAN1 should send an LS to RAN2 to update the epochTime field in SIB31 such that it becomes a mandatory field.
Proposal 2: RAN1 send LS to RAN2 to update SIB31 description in RRC specification to make the epochTime a mandatory field.
There were some discussion on accumulation of SIB NTN for explicit signaing of epoch time in RAN1 110b-e meeting. As coverage is one of the most important requirements for IoT NTN, we think that the accumulation should be guaranteed in a maximum time duration. There may be two ways to be considered. One possible way is always the accumulation of SIB NTN be in a minimum SIB NTN validity timer but actually UE do not know when the validity timer start and end, resulting UE may accumulate SIB NTN with same or different content with unavoidable error, and this way will also have limitation on the coverage of the IoT NTN as the eNB may have larger SIB NTN validity timer. Another way is to broadcast the SIB NTN modification period before UE read the SIB NTN, e.g. in SIB1, for UE as a reference to accumulate, where no limitation on the maximum coverage of IoT NTN and it is workable way.
Proposal 3: The maximum coverage should be guaranteed for IoT NTN with no limitation on IoT NTN coverage from SIB NTN accumulation, based on e.g. SIB NTN modification period is broadcasted by eNB.
When to apply uplink segmentation gap
The RAN1 has agreed to use uplink segmentation to handle timing drift during a repetition period. This is reflected in TS 36.211 as follows:
	TS 36.211 section 5.3.4	Mapping to physical resources
For BL/CE UEs communicating over NTN, for PUSCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of  time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH, according to the single UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331 [9]. The quantity  is provided by higher layers, and the quantity  is configured by higher layers based on the UE capability, if signalled.


The current specification indicates the UE after transmission of a segment shall count a transmission gap independently of how the transmission timing changes from the transmitted segment to the next segment. The reason may be that the text is based on the transmission gaps occurring every 256 ms in the terrestrial network specification, which do not consider the fast timing advance change of NTN, but rather allows UE to resynchronize to the downlink.
In our view this was not the intention of the IoT NTN specification. The reason is that the transmission gap is only needed, when the timing advance of the next segment is longer than the previous segment, because this results in the UE not being able to transmit the complete next segment.
Observation 2: The transmission for segmented uplink transmission is only needed when the timing advance of the next segment is longer than the previous segment.
Furthermore, if the UE applies a gap even when it is not needed, i.e. when the timing advance of the next segment is shorter than the previous, it will result in a degradation of the decoding performance because information is not transmitted in the gap.
Observation 3: If the transmission gap is applied, when the timing advance of the next segment is shorter than the previous, the decoding performance will decrease.
Additionally, if network configure the gap only when TA is changing from decreasing to increasing, as the satellite passes over the UEs, the TA changing from decreasing to increasing will happen (nearly) simultaneously for a large number of UEs. Then eNB always needs to perform RRC reconfiguration to configure the transmission gap for all these UEs simultaneously or in a short time range, resulting in a high signaling load.
When eNB configures the gap some time before the TA starts changing from decreasing to increasing, but both UE and network know UE only performs the gap operation when TA begins to increase, then the above issue will be solved and also the performane degradation can be avoided.
Observation 4: There will be high signaling load of RRC reconfiguration of gap for segment if it is only signaled when TA is changed from decreasing to increasing.
Therefore, we propose to update the specification text, such that it is clarified the UE shall only apply the gap when it is needed i.e. when the timing advance of the next segment is longer than the previous segment.
Proposal 4: RAN1 to clarify that segmented uplink transmission gap is only applied when the timing advance of the next segment is longer than the timing advance of the previous, transmitted segment.
We have provided text proposals to reflect the above for eMTC and NB-IoT UEs in TS 36.211 in [1].
Conclusion
In this contribution, we discussed time and frequency synchronization for NB-IoT/eMTC over NTN, our observations and proposals are presented as following:
Observation 1: Implicit indication of the Epoch time of assistance information in NTN SIB does not work, because the assistance information may not necessarily be updated every SI window.
Observation 2: The transmission for segmented uplink transmission is only needed when the timing advance of the next segment is longer than the previous segment.
Observation 3: If the transmission gap is applied, when the timing advance of the next segment is shorter than the previous, the decoding performance will decrease.
Observation 4: There will be high signaling load of RRC reconfiguration of gap for segment if it is only signaled when TA is changed from decreasing to increasing.

Proposal 1: Only explicit signaling of Epoch time for assistance information shall be specified for IoT NTN.
Proposal 2: RAN1 send LS to RAN2 to update SIB31 description in RRC specification to make the epochTime a mandatory field.
Proposal 3: The maximum coverage should be guaranteed for IoT NTN with no limitation on IoT NTN coverage from SIB NTN accumulation, based on e.g. SIB NTN modification period is broadcasted by eNB.
Proposal 4: RAN1 to clarify that segmented uplink transmission gap is only applied when the timing advance of the next segment is longer than the timing advance of the previous, transmitted segment.
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