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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN1 #108 meeting, most of the discussion on IoT over NTN in RAN1 has been completed with agreements. Some FFS are 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
UE capability and how to drop between segments
Impact of UE dropping method
In RAN1 #107-e meeting, there were discussion and agreements on how dropping/inserting will be processed between two adjacent segments considering the TA changing between them. Then one important point is the time length for the dropping/insertion.
As we discussed in [1], considering the distance changing between UE and satellite, between satellite and gateway, the largest TA change is smaller than 25 μs, as shown in Figure 1 for the minimum elevation angle 10 degree in a transmission period of 256ms. 
[image: ]
Figure 1. TA change during the transmission period of 256 ms.
The processing of dropping will impact the performance for the dropped part. While the more to drop, the more performance loss. The more ratio of dropped part over the entire segment, the more performance loss, especially when segment size is small, e.g. 2/4/8ms segment size. When dropping the entire subframe, for 2/4/8ms segment size cases, it means 1/2, 1/4, 1/8 of all repetitions will be dropped. This results in unnecessary performance loss as there is no need to drop the entire subframe but dropping some samples or one symbol will cover the TA changing i.e. 25us as maximum. Actually what needs to be dropped depends on the length of the TA difference between the two adjacent segments. Low TA changing rate can be seen in large elevation angle cases, while for small elevation angle cases the actual TA changing per segment will be much smaller than 25us, which is the change in the 256 ms period. For example, the TA change will be 25 us / (256 ms /16 -1) = 1.66us for 16ms segment size case, which is much smaller than CP of the symbol, especially considering the large CP for the first symbol of the subframe. Thus, all cases can be covered by dropping one symbol or part of the CP of the symbol, there is no need to drop more (like subframe/slot) because it results in unnecessary performance loss. Additionally, considering the longer CP of the first symbol, it will be good if dropping starts from the first symbol of the segment instead of the last symbol (which has shorter CP) of the previous segment.
Observation 1: The more dropping, the more performance loss for the dropped symbol/subframe.
Observation 2: Dropping of entire subframe in each segment will cause large performance reduction, especially for the case when segment size is small, e.g. segment size as 2/4/8 subframe.
Observation 3: Considering the longer CP of first symbol, it will be good to dropping starting from first symbol of the segment.
Proposal 1: For PUSCH, when dropping is not exceeding the CP, samples dropping of partial CP can be considered, otherwise one-symbol to be dropped should be utilized.
Similarly, for PRACH, as the dropping requested for each segment is very small as mentioned above, also considering the long CP of PRACH, the dropping should be to drop part of CP if overlapping part not exceeding the CP, or to drop CP + one sequence can be considered.
Proposal 2: For PRACH, when dropping is not exceeding the CP, samples dropping of parital CP can be considered, otherwise dropping of CP + one sequence should be utilized.

Detail method for dropping
In previous RAN1 meeting, RAN1 have already agreement and consensus on
· UE pre-compensation per segment is applied from one segment to the next segment by using one or more of agreed methods if supported by UE implementation [RAN1 #107-e meeting]
Agreement​
UE pre-compensation per segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation​
1. UE may drop / Insert samples / Puncture OFDM symbols  ​
2. UE may blank subframes / slots where UE skip a slot or a subframe​
The total transmission time is not changed​
UE autonomously Drop / insert samples / Puncture OFDM symbols or Blank subframes / slots where UE drops a subframe / slot​
The method used for the UE pre-compensation is known to the eNB by a single UE capability ​
· UE Blank subframes / slots where UE skip a slot or a subframe (slot is based on Sub Carrier Spacing)​
FFS Details of method(s) to drop / insert samples, blanking subframes / slots (slot is based on Sub Carrier Spacing) 

· UE need to report UE capability on UE implementation on dropping [RAN1 #108-e meeting]
· If Rel17 UE method(s) for dropping is added
· It is assumed that all cellular IoT features specified up to Rel-16 are supported for IoT NTN. [36.763, Rel17 IoT NTN WI]
However, for how to draft the text proposal, there were discussion and no consensus till RAN1 #108-e meeting.
There are some items to be discussed:
1. Whether UE should always support legacy processing for LTE IoT? Whether this is same as the sample dropping in IoT NTN agreements in RAN1 #107-e?
2. How to report the UE capability when UE support one or more than one dropping method?
3. How network control the UE dropping method if more than one method is reported by UE?

For item #1, as legacy sample dropping is defined as mandatory for NB IoT, considering the agreed assumption for IoT NTN to support cellular IoT features [2, 3], dropping sample should also be mandatory for IoT NTN.
Considering the sample dropping because of TA change in IoT NTN and sample dropping because of TA changing in legacy LTE IoT TN are the same, the simplest way forward is to reuse the legacy processing where all protocols from RAN 1/2/3/4/5 and implementation can support the sample dropping. Thus, there is no impact on the standard when reusing the method of sample dropping.
Observation 4: For dropping samples in IoT NTN, the simplest way is to reuse the legacy method of dropping samples.
Proposal 3: Legacy dropping samples should be mandatory for IoT NTN.
For item #2, as it was agreed as noted in the text box above in RAN1 #107-e, one UE capability should be used to report to eNB one or more dropping method(s) implemented/supported by UE. 
It is also good to note that the TR 36.763 assumes and the release 17 WI defines cellular IoT features up to Rel-16 are supported in release 17 IoT NTN.
However, there is no consensus on whether the legacy method of dropping samples should be included in the new UE capablilty or not. There will be two options: 
· Option 1: legacy dropping samples method can be seen as default UE capability and no need to be reported 
· Option 2: legacy dropping samples method can be seen as default UE capabilty and reported together with other UE dropping method(s).
Both options can be workable, so that UE and eNB can know UE can support the legacy dropping samples method.
Observation 5: Both reporting or not reporting for UE to report supporting of legacy dropping sample method can be possible and workable. 
While, except the dropping sample method, UE may support nothing or other dropping method(s). Therefore, the UE capability can be used to indicate, to the network, which method(s) the UE can support.
For item #3, based on 3GPP working way for UE capability and utilization, it is always UE to report the UE capability and network to configure UE based on the UE’s supported method(s) according to UE capability and default supported method if any.
This working way should be reused so that there is no additional impact on the standard in terms of UE capability utilization.
Proposal 4: UE to report capability and network to configure which method to be used according to UE’s capability and default supported method if any, so that no additional impact on standard in terms of UE capability utilization.
Based on the above, UE need to report UE capability when a new NTN-specific UE dropping method is supported, while UE may not report new UE capability if only the legacy dropping method of dropping the overlapped part between slots is supported by UE. Based on this reporting, the eNB will know whether and what new dropping method(s) can be supported by the IoT UE and configure the droppingmethod to be used by UE.
Therefore, we propose the UE capability can be defined as below (updated based on last version in RAN1 #108-e and with updated part highlighted in green color to cover the case as legacy method supported by UE). Note that the configuration of the segment is not depending on the configuration of the dropping method and the related parameters.
 The single UE capability that governs UE behavior w.r.t gaps between segments for PUSCH and NPUSCH, when the UE performs segmented pre-compensation, is as follows:
· When capability is signaled: UE drops one of the following durations of uplink transmission between segments (indicated by the capability):
· 1 slot or subframe (applicable to eMTC)
· 1 slot or 2 slots  (applicable to NB-IoT)
· 1 symbol (applicable to both eMTC and NB-IoT) 
· When capability is NOT signaled: UE follows legacy behavior at slot boundaries due to TA adjustment
The UE will indicate a single capability with one or more durations of uplink transmission between segments it can drop, as additional supported dropping method(s) compared to the legacy behavior.

While Text proposal for 36.211
<TP1, Section 5.3.4, TS 36.211> For BL/CE UEs communicating over NTN, for PUSCH transmission, for frame structure type 1, after a transmission duration of [image: ]time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of [image: ]time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH, according to the UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331. The quantity [image: ]is provided by higher layers., and tThe quantity [image: ]is one subframe, one slot, or one symbol may be  configured by network based on the   quantity  supported by the UE if indicated by UE in ue-CE-NeedSegmentedPrecompensationGaps. If [image: ]is not configured by network, after a transmission duration of [image: ]time units, UE shall not transmit the overlapped part of next segment. 

<TP2, Section 10.1.3.6, TS 36.211>
For a UE communicating over NTN, after transmissions and/or postponements due to NPRACH of [image: ]time units, for frame structure type 1, a transmission gap of [image: ]time units shall be shall be counted for the NPUSCH resource mapping but not used for transmission of the PUSCH according to the UE capability ue-NBIOT-NeedSegmentedPrecompensationGaps , as specified in 3GPP TS 36.331. The quantity [image: ]is provided by higher layers., and tThe quantity [image: ]is one subframe, one slot or 2 slots,  or one symbol may be configured by network based on the   quantity  supported by the UE if indicated by UE in ue-CE-NeedSegmentedPrecompensationGaps. If [image: ]is not configured by network, after a transmission duration of [image: ]time units, UE shall not transmit the overlapped part of next segment.

Proposal 5: The proposed definition for UE capability on dropping method and the TP should be discussed and added in NR specification.
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

It is worth noting that 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.
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-alignment understanding on epoch time between UE and network. Thus implicit signaling of the Epoch time does not work as illustrated in Figure 2. 
Observation 6: 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 2 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 6: Only explicit signaling of Epoch time for assistance information shall be specified for IoT NTN.
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: The more dropping, the more performance loss for the dropped symbol/subframe.
Observation 2: Dropping of entire subframe in each segment will cause large performance reduction, especially for the case when segment size is small, e.g. segment size as 2/4/8 subframe.
Observation 3: Considering the longer CP of first symbol, it will be good to dropping starting from first symbol of the segment.
Observation 4: For dropping samples in IoT NTN, the simplest way is to reuse the legacy method of dropping samples.
Observation 5: Both reporting or not reporting for UE to report supporting of legacy dropping sample method can be possible and workable. 
Observation 6: 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.

Proposal 1: For PUSCH, when dropping is not exceeding the CP, samples dropping of partial CP can be considered, otherwise one-symbol to be dropped should be utilized.
Proposal 2: For PRACH, when dropping is not exceeding the CP, samples dropping of parital CP can be considered, otherwise dropping of CP + one sequence should be utilized.
Proposal 3: Legacy dropping samples should be mandatory for IoT NTN.
Proposal 4: UE to report capability and network to configure which method to be used according to UE’s capability and default supported method if any, so that no additional impact on standard in terms of UE capability utilization.
Proposal 5: The proposed definition for UE capability on dropping method and the TP should be discussed and added in NR specification.
Proposal 6: Only explicit signaling of Epoch time for assistance information shall be specified for IoT NTN.
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