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1 Introduction
The WID on NB-IoT and eMTC over Non-Terrestrial Networks (NTNs) is approved in [1]
	Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI  agreements as baseline, according to Section 8 in TR 36.763: 
-	UE pre-compensation including ephemeris format (orbital / Position -Velocity)
-	UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
-	Timing advance formula (granularity of the timing advance may be different)
-	Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state
Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any. 

Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
-	Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.
-	Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
-	DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 
-	GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission

Specify the following  IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:
-	Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
-	UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
-	Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.


In this contribution, we share our initial views on timing relationship enhancements to NB-IoT/eMTC over NTN.

2 UE-specific TA reporting
In RAN1#106_e, the following agreement on TA reporting had been achieved [2].
	Agreement:
UE-specific TA reporting is supported in IoT-NTN
· FFS: Detailed contents of report


Furthermore, the following proposal on the detail of updating the UE-specific TA had been made in [3].
	Modified FL Proposal 7.1.2
The following options represent quantities that can be considered for signalling to set and update the UE-specific TA (only some may be supported)
· Option 1: UE-specific NTA, UE-specific 
· Option 2: UE-specific full TA applicable to UL transmission
· Option 3: UE location 
· Option 4: Difference between UE-specific K_offset and cell-specific K_offset 
· Option 5: Difference between the last applied K_offset (e.g., cell-specific K_offset or UE-specific K_offset indicated by the network) and one new K_offset suggested by UE 
· Option 6: Differential indication
· Option 7: Reporting of a stationarity indication + Option 1 or Option 2
FFS whether to down select including combining options


[bookmark: _GoBack]For UE-specific TA reporting, UE only need to report UE-specific NTA, UE-specific related information (i.e., RTT between UE and satellite). Reporting UE-specific full TA applicable to UL transmission will bring unnecessary signaling overhead, since common TA is known by UE and gNB. Therefore, reporting UE-specific NTA, UE-specific related information should be supported. In order to further reduce signaling overhead, differential indication of UE-specific NTA, UE-specific should be considered. The granularity of reporting UE-specific NTA, UE-specific should be same as the granularity of K_offset.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: For UE-specific TA reporting, UE only need to report UE-specific NTA, UE-specific related information (i.e., RTT between UE and satellite).
Proposal 2: The granularity of reporting UE-specific NTA, UE-specific should be same as the granularity of K_offset.


3 NPUSCH using PUR
In RAN1#106_e, the following FL Recommendation on NPUSCH transmission using PUR had been made [3].
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]FL Recommendation
The enhancement of the timing relationship between NPUSCH/PUSCH and NPDCCH/MPDCCH UE-specific search space by PUR-RNTI
· whether there needs to be an update to the timing relationship (given Xingqin’s explanation for why not) 
· What other changes (e.g. the LEO issue, TA validation etc) are needed to support PUR in IoT NTN Rel16 and whether such changes ‘are not small’ as RAN2 puts it. 
· FSS: other issues needing common understanding


For PUR transmission in R16, the fundamental assumptions was a “valid timing advance” that potentially holds for long periods and the UE considers the TA for the previous serving cell as invalid if the serving cell changes. In LEO, due to the rapid movement of satellites, the serving cell will change frequently in idle mode. Therefore, supporting PUR transmission in LEO scenarios requires additional enhancements. However, for GEO, the satellite is relatively stationary with the UE, which is the same as terrestrial communication. The change to support PUR in GEO is small. In the WID of R17 IOT NTN, it states that all cellular IoT features specified up to Rel-16 are supported for IoT NTN unless problems are found. In our view, PUR transmission should be supported in IOT NTN at least for GEO. Therefore, we have the following two proposals.
Proposal 3: For NB-IoT, if the UE has initiated an NPUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the NPDCCH UE-specific search space shall be delayed by UE-eNB RTT as compared to current specification.
Proposal 4: For eMTC, if the UE has initiated a PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the MPDCCH UE-specific search space shall be delayed by UE-eNB RTT as compared to current specification.


4 NPDCCH order to NPRACH
In RAN1#106_e, the following agreement on PDCCH order to PRACH had been achieved in NR NTN [2].
	Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.


For IoT NTN, adopt the above agreement of NR NTN for time relation enhancement of N/MPDCCH ordered PRACH. We have the following proposal:
Proposal 5: For random access procedure initiated by a N/MPDCCH order received in downlink slot n, UE determines the next available PRACH occasion after uplink slot n+K_offset to transmit the ordered PRACH.

5 Preamble Retransmission
In 36.213, the timing relationship for NPRACH retransmission are described in the following.
	16.3.2	Timing
For the L1 random access procedure, UE's uplink transmission timing after a random access preamble transmission is as follows.
a)	If a NPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block ending in subframe n contains a response to the transmitted preamble sequence, the UE shall, according to the information in the response, transmit an UL-SCH transport block according to Subclause 16.3.3.
b)	If a random access response is received and the corresponding DL-SCH transport block ending in subframe n does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.
c)	If no NPDCCH scheduling random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.
d)	If an NPDCCH scheduling random access response with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception ending in subframe n cannot be successfully decoded, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n.


In current specification, UE is assuming that TA is not taken into account and the UE will conduct the preamble retransmission in UE UL n+12. However, in IOT NTN, UE retransmits preamble with a large TA, which can be larger than 12 milliseconds. Therefore, the timing of preamble retransmission should be enhanced by K_offset, i.e., if the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission slot shall be delayed by K_offset as compared to current specification.
Proposal 6: If the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission slot shall be delayed by K_offset as compared to current specification.

6 Conclusion
As summary, we have the following proposals.
Proposal 1: For UE-specific TA reporting, UE only need to report UE-specific NTA, UE-specific related information (i.e., RTT between UE and satellite).
Proposal 2: The granularity of reporting UE-specific NTA, UE-specific should be same as the granularity of K_offset.
Proposal 3: For NB-IoT, if the UE has initiated an NPUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the NPDCCH UE-specific search space shall be delayed by UE-eNB RTT as compared to current specification.
Proposal 4: For eMTC, if the UE has initiated a PUSCH transmission using pre-configured uplink resource ending in subframe n, the time at which the UE shall start to monitor the MPDCCH UE-specific search space shall be delayed by UE-eNB RTT as compared to current specification.
Proposal 5: For random access procedure initiated by a N/MPDCCH order received in downlink slot n, UE determines the next available PRACH occasion after uplink slot n+K_offset to transmit the ordered PRACH.
Proposal 6: If the UE determines that a preamble retransmission is necessary, the choice of a suitable preamble retransmission slot shall be delayed by K_offset as compared to current specification.
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