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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on IoT NTN Chairman's Notes 106-e [1], there are some agreements and working assumption on timing relationship of NTN, and some FFS points are also listed as follows:
Agreement:
For NB-IoT, on receiving UL grant on DCI format N0 in subframe n, NPUSCH Format 1 is transmitted with a delay of Koffset as compared to transmission as per current specification.
Agreement:
For NB-IoT, on receiving a NPDSCH with a RAR message that ends in subframe n, the corresponding Msg3 is transmitted on NPUSCH format 1, with a delay of Koffset as compared to transmission as per current specification.
Agreement:
For NB-IoT, a UE upon detection of a NPDSCH transmission for which it should provide an ACK/NACK feedback, shall transmit the HARQ ACK/NACK with a delay of Koffset as compared to transmission as per current specification.
Agreement:
For NB-IoT, on receiving a timing advance command ending in DL subframe n, the corresponding adjustment of the uplink transmission timing by the received time advance shall be delayed by Koffset as compared to current specification.
Agreement:
For eMTC, on receiving an UL grant via MPDCCH that ends in DL subframe n, PUSCH is transmitted with a delay of Koffset as compared to transmission as per current specification.
Agreement:
For eMTC, on receiving a RAR in a PDSCH that ends in subframe n, PUSCH for Msg3 is transmitted with a delay of Koffset as compared to transmission as per current specification.
Agreement:
For eMTC, when an MPDCCH ending in subframe n activates UL SPS, the time of the first subframe in which the UE is allowed to transmit SPS-PUSCH is delayed by Koffset as compared to transmission per current specification.
Agreement:
For eMTC, on reception of a PDSCH ending in subframe n, the corresponding HARQ-ACK feedback on PUCCH is transmitted with a delay of Koffset as compared to transmission as per current specification.
Agreement:
For eMTC, the ending time for DL physical resources forming a CSI reference resource set is advanced by Koffset as compared to current specification.
Agreement:
For eMTC, for an MPDCCH received in subframe n that triggers aperiodic SRS transmission, SRS is transmitted with a delay of Koffset as compared to transmission as per current specification.
Agreement:
For eMTC, on receiving a timing advance command ending in subframe n, the corresponding adjustment of the uplink transmission timing by the received time advance shall be delayed by Koffset as compared to current specification.
Agreement:
For IoT NTN, support cell-specific Koffset configuration for use during initial access.
Agreement:
For IoT NTN, support the use of UE-specific Koffset in CONNECTED mode.
Agreement:
UE-specific TA reporting is supported in IoT-NTN
· FFS: Detailed contents of report
Conclusion:
In IoT NTN the initialisation of generators for scrambling codes for UL channels and DM-RS shall use the subframe number of the UL channel or UL signal that is indicated by the Koffset-modified timing relationship. 
NOTE: In the view of RAN1, this does not necessarily involve a specification change.
Conclusion:
For IoT NTN, no modifications are needed for the calculation in NR NTN for estimate of UE-eNB RTT.

In this contribution, some potential technical issues and related enhancements are presented to support NB-IoT and eMTC over satellite. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Preamble retransmission
According to last meeting summary, the timing relationship of preamble retransmission needs to be discussed further.
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]FL Recommendation: Supporting companies should engage discussions with non-supporting companies to converge on this issue.


The protocols of preamble retransmission are different between NR NTN and IoT NTN. Hence, for preamble retransmission, the conclusion in NR NTN cannot be used in IoT NTN.
Preamble retransmission for NB-IoT
The section from 16.3.2 of TS36.213:
	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.



For NB-IoT, subframe n is a DL subframe because it is the last subframe of the DL-SCH, and the UE will take the preamble retransmission in UE UL n+12. In current specification, UE retransmits preamble with TA=0 and thus 12 milliseconds can work. While in NTN, UE retransmits preamble with UE_specific TA, which can be larger than 12 milliseconds. It may cause the retransmission occuring before the reception of RAR, as showed in the below figure. 
Therefore, for the retransmission of preamble, an offset is necessary to be introduced here.



Figure 1: The preamble retransmission of NB-IoT
Proposal 1: For NB-IoT in NTN, timing enhancement of preamble retransmission is needed.

Preamble retransmission for eMTC
The section from section 6.1.1 of TS36.213:
	If a random access response is received and its reception ends in subframe n, and the corresponding DL-SCH transport block 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 in subframe n+5.



In NTN, UE retransmits preamble with UE_specific TA, which can be larger than 5 subframes, may cause the retransmission occuring before the reception of RAR. Besides, it will further cause resource waste due to long time blind detection of the network.
Therefore, for the retransmission of preamble, an offset is necessary to be introduced here.
Proposal 2: For eMTC in NTN, timing enhancement of preamble retransmission is needed.

K_offset Handling
In the last meeting, it has been agreed to use cell-specific K_offset in initial access and UE-specific K_offset in CONNECTED mode. Considering K_offset updating, it’s recommended to reuse the agreements in NR NTN.
Proposal 3: The UE-specific K_offset can be provided and updated at least by network with MAC CE.

TA reporting
Fequently UE-specific TA reporting may cause large signaling overhead and power consumption. Though periodical TA reporting is beneficial for timely TA tracking, however, in most of cases, for example, UE-specific TA is relatively fixed for a long period, which can cover small TA variation. In this case, it’s suitable to set one threshold to trigger the aperiodic TA reporting. For example, when TA’s change exceeds one threshold, UE will report one new TA to gNB.
Proposal 4: For UE_specific TA reporting, both event triggered and periodic methods should be supported.
Proposal 5: One threshold is used for TA report triggering.
In addition, in order to minimize reporting overhead, it’s desirable that UE only reports TA change between current TA and previous TA with time range. The time range can be pre-configured, which can be mapped to one TA range and expressed by a few bits. For example, ‘00’ denotes [-10ms, -5ms], ‘01’ denotes [-5ms, 0], ‘10’ denotes [0ms, 5ms], ‘11’ denotes [5ms, 10ms].
Proposal 6: Reporting differential TA between current TA and previous TA is preferred.
For the signaling design of TA reporting, RRC signaling or MAC signaling is preferred. Moreover, coarse TA change reporting can be used for reducing signaling overhead, rather than accurate Tc level reporting.
Proposal 7: Using RRC signaling or MAC signaling to report TA can be supported.
Proposal 8: Utilize ms or subframe as the unit of reported TA.

Conclusion
In this contribution, we analzyed potential issues of NB-IoT and eMTC over satellite and presented a few enhancements to guarantee satellite IoT performance. In sum, the proposals are listed as follows:

Proposal 1: For NB-IoT in NTN, timing enhancement of retransmission of preamble is needed.
Proposal 2: For eMTC in NTN, timing enhancement of retransmission of preamble is needed.
Proposal 3: The UE-specific K_offset can be provided and updated at least by network with MAC CE.
Proposal 4: For UE_specific TA reporting, both event triggered and periodic methods should be supported.
Proposal 5: One threshold is used for TA report triggering.
Proposal 6: Reporting differential TA between current TA and previous TA is preferred.
Proposal 7: Using RRC signaling or MAC signaling to report TA can be supported.
Proposal 8: Utilize ms or subframe as the unit of reported TA.
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