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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
The Rel-17 work item support of NB-IoT and eMTC over NTN was approved with the following RAN1 objectives [1]
	[bookmark: _Hlk61428717]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 discuss the timing relationship enhancements on NB-IoT/eMTC over NTN.
2. Discussion
The propagation delay in NTN ranges from several milliseconds to hundreds of milliseconds depending on the altitudes of the spaceborne or airborne platforms and payload type, which is much longer than that in terrestrial mobile systems. Therefore, some issues about timing relationship need to be discussed and further enhanced.
2.1. Preamble retransmission timing relationship
In TS 36.213 section 6.1.1, UE's uplink transmission timing after a random access preamble transmission is given for eMTC. If a UE fails to receive RAR to a recent PRACH transmission in the subframe n where it expected to receive the RAR, the UE shall be, if requested by higher layers, ready to transmit a new preamble sequence no later than in subframe n+4 or n+5 based on different situations. The subframe n refers to downlink subframe n, and the subframe n+4 or n+5 refers to uplink subframe n+4 or n+5. Due to the large propagation delay in NTN, the UE needs to apply an extended TA. Hence, the uplink subframe n+4 or n+5 may be earlier than the downlink subframe n, and then timing relationship enhancement is necessary.
[bookmark: _GoBack]Proposal 1: For eMTC in NTN, support to introduce K_offset for enhancement on the timing relationship of preamble retransmission.
In TS 36.213 section 16.3.2, UE's uplink transmission timing after a random access preamble transmission is given for NB-IoT. If a UE fails to receive RAR to a recent PRACH transmission in the subframe n where it expected to receive the RAR, the UE shall be, if requested by higher layers, ready to transmit a new preamble sequence no later than the NB-IoT UL slot starting 12 milliseconds after the end of subframe n. According to this description, it’s clear that the UE should retransmit PRACH in a NB_IoT uplink slot between t0 to t0+12ms where t0 is the time of the end of subframe n. Based on the previous meeting, UE-specific TA reporting is supported, and eNB could be aware of the timing relationship among these slots where the UE may retransmit PRACH. Hence, timing relationship enhancement is unnecessary.
Proposal 2: For NB-IoT in NTN, not support to enhance the timing relationship of preamble retransmission.
2.2. Use of UE-specific TA
2.2.1. UL transmission gap in IoT NTN
In order to solve the problem of frequency drift in UL transmission caused by the low-cost crystal oscillations, UL transmission gap is introduced in Rel-13 NB-IoT. In current specifications, the UL transmission gap of 40ms is inserted after a period of continuous PRACH and/or NPUSCH transmission. Due to the large propagation delay in NTN, the UL transmission gap and the arrival time of DL signals could not be aligned, which may cause UL-DL collisions in FDD-HD.
Based on the previous meeting, UE-specific TA reporting is supported, and eNB can keep the alignment with UE on where the gap would be placed. Hence, the timing relationship enhancement for UL transmission gap in IoT NTN is unnecessary.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 3:  Not support to enhance the timing relationship of UL transmission gap in IoT NTN.
2.2.2. NPDCCH monitoring restrictions
In IoT, UE in FDD-HD mode and cannot transmit and receive simultaneously. In current specifications, there are regulations about the subframes in half-duplex transmissions during which the UE is not expected to monitor NPDCCH either because the UE is preparing to receive scheduled DL transmissions such as NPDSCH or the UE is preparing to execute UL transmissions such as NPUSCH.
For DL transmissions such as NPDSCH, according to the describe in TS 36.213, the timing is defined solely from DL timing perspective, without DL and UL timing interaction. Current restrictions on NPDCCH monitoring for DL transmissions can be reused for large TA scenario.
For UL transmissions such as NPUSCH, the constraints for UE monitoring NPDCCH described in TS 36.213 as below:
	For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig or npusch-MultiTB-Config and if the NB-IoT UE detects NPDCCH with DCI Format N0 ending in subframe n, and if the corresponding NPUSCH format 1 transmission starts from n+k,
-	if the corresponding NPDCCH with DCI format N0 with CRC scrambled by C-RNTI schedules two transport blocks as determined by the Number of scheduled TB for Unicast field if present, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+1 to subframe n+k-1, otherwise the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1; and
……


According to the description, the corresponding NPUSCH format 1 transmission starts from n+k which refers to uplink subframe n+k. The corresponding DL subframe index is n+k-K_TA at this time, where the unit of K_TA is subframe and the value of K_TA is derived from TA/UE-specific TA. The TA in terrestrial networks is too small to influence the location of the subframes, and the K_TA can be considered as 0. For IoT NTN, the UE-specific TA can be large enough and so can change the index of the DL subframe. Hence, current restrictions on NPDCCH monitoring for UL transmissions should be modified in IoT NTN, and the K_TA can be introduced.
[bookmark: OLE_LINK3]Proposal 4: Support to introduce K_TA for current restrictions on NPDCCH monitoring for UL transmissions, where the unit of K_TA is subframe and the value of K_TA is derived from TA/UE-specific TA.
3. Conclusion
In this contribution, some issues on timing relationship enhancements on NB-IoT/eMTC over NTN were discussed with the following proposals:
Proposal 1: For eMTC in NTN, support to introduce K_offset for enhance the timing relationship of preamble retransmission.
Proposal 2: For NB-IoT in NTN, not support to enhance the timing relationship of preamble retransmission.
Proposal 3:  Not support to enhance the timing relationship of UL transmission gap in IoT NTN.
Proposal 4: Support to introduce K_TA for current restrictions on NPDCCH monitoring for UL transmissions, where the unit of K_TA is subframe and the value of K_TA is derived from TA/UE-specific TA.
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