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[bookmark: _Toc116995841]Introduction
In Rel-17, support for NB-IoT and eMTC over NTN was studied in [1] and defined in RAN1, RAN2, and RAN3 under the Work Item described in [2]. RAN4 requirements will be defined in a release-independent manner in Rel-18. The work was initiated in the RAN4 #104 meeting and must be continued following the way forwards [3] and [4] from that meeting and the WID [5]
In meeting RAN1 #109-e, an LS was sent to RAN4 regarding the UL segmented transmission for UL synchronization for IoT NTN. In this LS, RAN1 asks RAN4 to take into account some agreements regarding the UL measurement gap configuration [6].
In meeting RAN4 #104-bis-e, the discussion on the WI has progressed and some issues were identified and left for further studies on the Way-Forward approved in that meeting[7]. 
In this document, Nokia’s views regarding the following topics are presented:
· UL Segmented Transmission
· Cell reselection under Discontinuous coverage
· Handover delay and handover interruption time

[bookmark: _Toc116995842]Discussion
UL Segmented Discussion
As in terrestrial networks, repetitions of eMTC / NB-IoT UL transmissions can be configured in NTN. However, unlike in terrestrial deployments, in non-terrestrial deployments the position of the eNB can change significantly within the repetition  period causing a substantial variation of the necessary timing advance between the repetitions, as previously shown in Nokia’s contribution to RAN1 [6]. RAN1 has defined a method to handle the TA variation, in which the UE segments UL transmissions and pre-compensates the TA for each segment. As is evident from the RAN1 agreements, the network is responsible for configuring the segment duration applied by the UE.
In the previous RAN4 #104-e meeting it was agreed that the UE can adjust the TA only between consecutive segments 
	R4-2217264 [7]

Issue 6-2: Clarification on autonomous uplink timing adjustment during an ongoing repetition period
· UE is allowed to adjust TA at the [start of initial] transmission of a segment. FFS how to clarify in TS 36.133
__Issue 6-3: Time pre-compensation during a segment 
· Keep the legacy TN restriction and adopt the following text proposal for TS36.133
· For satellite access, when a repetition is configured on the uplink for which R > 1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission or at the start of a transmission segment boundary, as defined above




Based on the previous RAN1 and RAN4 agreements and Way-Forward, we propose to capture in specifications the following definition. 
[bookmark: _Toc118730824]RAN4 to adopt the TP of the way-forward for the Time pre-compensation between segments. 
In the LS from RAN1, relevant RAN1 agreements are brought to the attention of RAN4. They do not concern only the adjustment of the Timing Advance between segments, but also how the UE is supposed to handle the Timing Advance adjustment between segments, that might cause the segments to overlap (in the case of increasing Timing Advance). The following agreements and specifications are found in the incoming LS from RAN1:
	Agreement in 8.14 for IoT NTN

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) 

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

<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  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. The quantity  is provided by higher layers, and the quantity of  is configured by the higher layers based on the UE capability if signalled.
<END TP1>




RAN1 has asked RAN4 to prioritize UL segmented Transmission for UL synchronization for IoT NTN. In our point of view, this is a new functionality, in special regarding the UEs capability to drop UL resources highlighted on the box above.  In response to RAN1 and given the relevance and the new aspects of this new functionality, we propose the following:
[bookmark: _Toc118730825]RAN4 to discuss requirements for UL segmented transmission and design a test case for UE dropping of UL resources. The new test is applicable for UEs that indicate this capability. 
[bookmark: _Toc118730826]RAN4 to reply the LS from RAN1 indicating the segmented transmission will be taken into account when developing synchronization requirements and test cases.  

The method used for dropping the uplink resources is found in the TP provided by the RAN1 LS that was later agreed to specifications in 3GPP TS 36.211 [9], as highlighted in the box above. The specification indicates that when the symbols are to be dropped, the UE must perform the resource mapping from the bits received from upper layer normally, but should not execute the transmission of the resources to be dropped. But as highlighted the total transmit timing is not expected to change. This condition can only be respected when the timing advance between segments is increasing, as introducing such a gap for a shrinking timing advance would actually decrease the total transmit time. This can be observed in Figures 1 and 2.  Figure 1 clearly shows that when the transmit timing advance is increasing, the need to drop symbols makes sense to deal with the increased overlap between segments; whereas Figure 2 shows that the dropping of resources is not needed when the timing advance is shortening. 
[image: ]
Figure 1. The UL resource dropping when the Timing Advance is increasing from the start of segment N to the start of segment N+1. The resource dropping avoids the overlapping i.e. UE can complete the transmission of the remainder of segment N and drop the first part of segment N+1.

[image: ]
Figure 2. The UL resource dropping when the Timing Advance is decreasing from the start of segment N to the start of segment N+1. The resource dropping is not needed and it reduces the total transmit time of the UE and brings no benefit. 
Based on this discussion, we therefore propose:
[bookmark: _Toc118730827]The requirements for the UL resource dropping for segmented repetitions does not apply when the timing advance is decreasing from one segment to the next segment. 

Discontinuous Coverage
In the last meeting, RAN4 has agreed that UEs in discontinuous coverage are not required to perform cell measurements after the point in time where t-service is reached. 
	From R4-2217264 [7]

__Issue 2-2-1: NGSO, Discontinuous Coverage - General
· UE is not required to perform cell measurements from the last slot of SI transmission which indicates that UE will be in out of coverage after Tservice when the serving cell stop serving the area.

The following proposals can be FFS in next meeting
· Proposal 3:  If the UE is provided with t-serviceStart-r17 and the UE does not find any new suitable cell after T seconds from S-Criterion or after t-service, the UE may delay initial cell search until after t-serviceStart-r17 is reached. (Nokia)
· Proposal 4: FFS if there is a maximum “waiting period” the UE can wait between t-service and t-serviceStart-r17 before initiating the cell search. (Nokia)
· Proposal 5: The UE may optionally delay cell search until it finds itself within the area determined by the “cell radius” parameter on SIB-32, assuming the cell reference point: (Nokia)
· The reference point in SIB-32 for Quasi-Earth fixed cells.
· The point determined by the satellite ephemeris and/or the elevation angle of the cell intersecting the Earth. 




It is clear from this agreement that, when the UE has a valid version of SIB32 and the UE has reached t-service, the UE does not need to perform cell measurements or initial cell search. However, it is not a desirable outcome, if the UE goes into sleep mode indefinitely or for unreasonably long periods of time. The UE must be expected to start cell measurements and initial cell search following reasonable criteria, based on predicted availability of the next cell. 
[bookmark: _Toc118730828]It is not desirable that the UE stops cell measurements or cell search indefinitely. The UE must be expected to start cell measurements following reasonable criteria, based on predicted availability of the next cell. 
This is important for example to define reachability criteria for the NW in relation to the UE. For example, an aspect of the reachability criteria was left for FFS in the last meeting’s WF. 
	[bookmark: _Hlk116585595]__Issue 2-2-2: NGSO, Discontinuous Coverage – Paging
The following proposals can be FFS in next meeting
· Proposal 1: The UE is allowed to drop paging during [2] DRX cycles immediately after ‘t-ServiceStart-r17’. (Ericsson)




Hence, as a consequence of the observation above, we propose:
[bookmark: _Toc118730829]To avoid unexpectedly long periods of time where the UE does not perform cell measurements, UE must be required to follow the parameters in SIB32 to re-initiate cell measurements. 
And as a more precise definition of such requirements, based on SIB32, we propose that:
[bookmark: _Toc118730830]  If the UE is provided with t-serviceStart-r17 and has discontinuous coverage capabilities the UE may delay cell measurements/search until t-serviceStart-r17 is reached.
If the deployment is relying on earth-moving cells the t-service and t-serviceStart are not provided. In this scenario the UE may utilize SIB-32 information to determine the geometrical coverage, but the UE will still have to rely on radio measurements to determine actual radio coverage. Therefore, the start and stop time for radio coverage is less predictable than in the earth-fixed cells scenario. 
RAN4 can discuss whether the UE is allowed to start and stop radio measurements based on the geometrical information or that the UE shall apply a margin to extend the measurements for a period of time.
[bookmark: _Toc118730831]Proposal 10: The UE may optionally delay cell measurements/search until it finds itself within the area determined by the “cell radius” parameter of SIB-32, assuming the cell reference point: 
· The reference point in SIB-32 for Quasi-Earth fixed cells.
· The point determined by the satellite ephemeris and/or the elevation angle of the cell intersecting the Earth. 



Cat M1 Handover

For the handover of UEs in category M1 connected to a cell broadcast by a Satellite Access Network (SAN), the legacy requirements for Handovers in TN must be the baseline, except when other NTN specific characteristics demand specific requirements. 
There are two requirements for HO in NTN that attend this demand for updated requirements: the handover delay and the interruption time in the handover procedure.  
For example, regarding the handover interruption time requirements for M1, in CEModeA, it is specified for legacy TN that:
	TS 36.133 Section 5.5.2:
When intra-frequency handover or inter-frequency handover is commanded and the field sameSFN-Indication and mib-RepetitionStatus [2] are included in the handover command then the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + 20 ms
When intra-frequency handover or inter-frequency handover is commanded and the field sameSFN-Indication or mib-RepetitionStatus [2] is not included in the handover command then UE the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TMIB + TIU + 20 ms
Where:
-	Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Otherwise, Tsearch shall be according to the non-DRX cell identification requirements specified in Clause 8.13.2.1 for intra-frequency handover for a UE configured with CEModeA or Tsearch shall be according to the non-DRX cell identification requirements specified in Clause 8.13.2.6 for inter-frequency handover for a UE configured with CEModeA. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	TMIB is the time required for acquiring the MIB information of the target cell.
-	TIU is the time required to complete the transmission of PRACH in the target cell. The actual value of TIU shall depend upon the uncertainity in acquiring the first available PRACH occasion based on the PRACH configuration used in the target cell and the PRACH coverage enhancement level used by the UE for sending the random access preamble to the target cell.
-	In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement for a time duration equal or longer than the time duration required for the cell identification. Otherwise, it is unknown. For intra-frequency handover the time duration required for the cell identification is specified in relevant intra-frequency cell identification requirements as described in Clause 8.13.2.1 for CEModeA. For inter-frequency handover the time duration required for the cell identification is specified in relevant inter-frequency cell identification requirements as described in Clause 8.13.2.6 for CEModeA.



Analysing the HO procedure in a detailed manner from the point of view results in:

1) UE receives the HO Command
2) UE performs a search towards the target cell if it is not known (Tsearch)
3) UE acquires the MIB of the target cell, in order to identify current SFN and acquire synchronization signals. It is important to remember that the SFN of the target cell is an important parameter as the epoch time is related with it. 
4) And then the UE has an additional interval of time (20ms + TIU ) to acquire the next PRACH occasion. 
5) UE performs Random Access attempt towards the target cell. At this point the UE must have already initiated the timer T317 and be UL synchronized toward the target cell. This is only possible if the epoch time happens between the end of step 3 and the end of step 4.

So, at point 5) the UE must have a T317 started. However, T317 (validity timer) can only be initiated at the epoch time provided in the satellite assistance information.
	From 3GPP TS 36.331
Upon receiving SystemInformationBlockType31 (SystemInformationBlockType31-NB), the UE shall:
1>	start or restart timer T317 with the duration ul-SyncValidityDuration from the subframe indicated by epochTime.


 
Therefore, the UE cannot start T317 if the epoch time happens before the UE is capable of acquiring the MIB of the target cell. On the other hand, if the epoch time happens after the end of the processing time + TIU, it cannot be initiated before the interrupt time requirement is violated. 

Based on this, we propose:

[bookmark: _Toc118730832]If the epoch time provided to the UE during HO procedure is reached before the point defined by Tsearch+TMIB+ RRC processing delay after the UE has received HO command, the interruption time requirement is increased by the time needed for the UE to acquire new valid information for the target cell and initiate T317
[bookmark: _Toc118730833]If the epoch time provided to the UE during the HO procedure is reached between the point defined by Tsearch+TMIB+ RRC processing delay after the UE has received HO command and the point defined by Tsearch+TMIBTIU+20ms+ RRC processing delay after the UE has received HO command, the interruption time requirement is increased by Tepoch. Where Tepoch is the additional time needed until the epoch time is reached.
















[bookmark: _Toc116995848]

Conclusion
The paper has discussed several open issues and items for further studying regarding the core requirements for NTN UEs in LTE NB-IoT and eMTC. Based on the above we have the following set of observations and proposals:

Proposal 1: RAN4 to adopt the TP of the way-forward for the Time pre-compensation between segments.
Proposal 2: RAN4 to discuss requirements for UL segmented transmission and design a test case for UE dropping of UL resources. The new test is applicable for UEs that indicate this capability.
Proposal 3: RAN4 to reply the LS from RAN1 indicating the segmented transmission will be taken into account when developing synchronization requirements and test cases.
Proposal 4: The requirements for the UL resource dropping for segmented repetitions does not apply when the timing advance is decreasing from one segment to the next segment.
Observation 1: It is not desirable that the UE stops cell measurements or cell search indefinitely. The UE must be expected to start cell measurements following reasonable criteria, based on predicted availability of the next cell.
Proposal 5: To avoid unexpectedly long periods of time where the UE does not perform cell measurements, UE must be required to follow the parameters in SIB32 to re-initiate cell measurements.
Proposal 6: If the UE is provided with t-serviceStart-r17 and has discontinuous coverage capabilities the UE may delay cell measurements/search until t-serviceStart-r17 is reached.
Proposal 7: Proposal 10: The UE may optionally delay cell measurements/search until it finds itself within the area determined by the “cell radius” parameter of SIB-32, assuming the cell reference point:
Proposal 8: If the epoch time provided to the UE during HO procedure is reached before the point defined by Tsearch+TMIB+ RRC processing delay after the UE has received HO command, the interruption time requirement is increased by the time needed for the UE to acquire new valid information for the target cell and initiate T317
Proposal 9: If the epoch time provided to the UE during the HO procedure is reached between the point defined by Tsearch+TMIB+ RRC processing delay after the UE has received HO command and the point defined by Tsearch+TMIBTIU+20ms+ RRC processing delay after the UE has received HO command, the interruption time requirement is increased by Tepoch. Where Tepoch is the additional time needed until the epoch time is reached.
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