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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
Implicit 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.
[image: ]
[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.
Extension of legacy UE behavior on dropping
In RAN1 #109-e meeting, there were agreement for UE capability and higher layer configuration on UE dropping method in pre-compensation per segment.
Agreement
· The single UE capability that governs UE behavior w.r.t gaps between segments for PUSCH, PUCCH and NPUSCH, when the UE performs segmented pre-compensation, is as follows:
· When a single capability is signalled: UE drops one or more of the following durations of uplink transmission between segments (indicated by the capability): 
· 1 slot (applicable to eMTC)
· 1 subframe (applicable to eMTC)
· 1 slot (applicable to NB-IoT)
· 2 slots (applicable to NB-IoT)
· 1 symbol (applicable to both eMTC and NB-IoT) 
· UE follows legacy behaviour at slot boundaries due to TA adjustment
· When capability is NOT signalled: UE follows legacy behaviour at slot boundaries due to TA adjustment

[bookmark: _Hlk101710999][bookmark: OLE_LINK12]For “legacy behavior” of dropping, there is only definition for NB-IoT, as in 36.213 16.1.2, “When the UE's uplink NPUSCH transmissions in NB-IoT uplink slot n and NB-IoT uplink slot n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of NB-IoT uplink slot n and not transmit the overlapped part of NB-IoT uplink slot n+1.”
To make the UE behavior clear and complete for supported dropping method with and without UE capability reporting, dropping method similar as NB-IoT dropping the overlapped part should also be added for eMTC PUCCH/PUSCH and NB-IoT NPRACH as our companying contribution [1], providing a clear common understanding between UE and network.
Proposal 3: Dropping method similar as NB-IoT dropping the overlapped part should also be added for eMTC PUCCH/PUSCH and NB-IoT NPRACH, to make complete the common understanding between UE and network.
The case of segmented transmission of NPRACH is challenging, because the network will not be aware that the UE is transmitting the preamble (for initial access) and will not be aware of the UE capability. The relevant RAN1#107 agreement is as follows:
	For NB-IoT, UE pre-compensation per segment of NPRACH is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation
· UE may drop / Insert samples
· UE may blank subframe / repetition unit where UE drops a subframe / repetition unit
The total transmission time is not changed
FFS Details of method(s) to drop / insert samples / blank subframe / repetition unit 
FFS Specification impact

For eMTC, UE pre-compensation per segment of PRACH is applied from one segment to the next segment by drop / insert samples in Guard Period of PRACH preamble.
· The total transmission time is not changed
· FFS Details of method(s) to drop / insert samples


According to the agreement the NB-IoT UE may drop samples, a subframe or a repetition unit, but as noted above the NW will not be aware of the UE capability and thus the NW cannot configure the type of dropping applied by the UE, but only the segment duration.
One simple approach may be for RAN1 to agree that the NB-IoT UE only applies sample dropping during segmented transmission of NPRACH, but it will be good to discuss the options.
Proposal 4: RAN1 to discuss NB-IoT UE segmented transmission of NPRACH, where network is not aware of the UE capability for dropping during segmented transmission.
The issue does not exist for eMTC where only sample dropping is possible according to the agreement.
Observation 2: eMTC UE may only apply sample dropping/insertion for segmented transmission of PRACH.
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: eMTC UE may only apply sample dropping/insertion for segmented transmission of PRACH.

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: Dropping method similar as NB-IoT dropping the overlapped part should also be added for eMTC PUCCH/PUSCH and NB-IoT NPRACH, to make complete the common understanding between UE and network.
Proposal 4: RAN1 to discuss NB-IoT UE segmented transmission of NPRACH, where network is not aware of the UE capability for dropping during segmented transmission.
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