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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on IoT NTN WID[1], some timing relationships enhancements need to be further discussed, as follows.
-	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, some potential technical issues and related enhancements are presented to support NB-IoT and eMTC over satellite. 
Preamble retransmission
Based on analysis in TR 38.821 [2], the propagation delay in NTN is much larger than that in terrestrial networks. Some results show in the table 1.
Table1：The RTT for the cases with 10 degree of elevation angle
	Scenarios/Para
	LEO
	GEO

	
	600 km
	1200 km
	

	
	Transparent
	Regenerative
	Transparent
	Regenerative
	Transparent
	Regenerative

	RTT (ms)
	20.89
	12.89
	41.77
	25.77
	541.46
	270.73



For NB-IoT system, the subcarrier spacing can be 3.75kHz or 15kHz, which corresponds to 4ms or 1ms for each subframe. For eMTC system, the subcarrier spacing is 15kHz, which corresponds to 1ms for each subframe.
Similar to NR NTN, IoT NTN also needs to enhance the timing relationship in DL and UL frame timing. 
Preamble retransmission for NB-IoT
For the retransmission of preamble, if a random access response is received and the corresponding DL-SCH transport block ending in subframe  does not contain a response to the transmitted preamble sequence, or if no NPDCCH scheduling random access response is received in subframe , 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 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, may cause the retransmission occurs before the reception of RAR. 
Therefore, for the retransmission of preamble, an offset is necessary to be introduced here.

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

Preamble retransmission for eMTC
For the retransmission of preamble, if a random access response is received and the corresponding DL-SCH transport block ending in subframe  does not contain a response to the transmitted preamble sequence, or if no NPDCCH scheduling random access response is received in subframe ,  or the corresponding DL-SCH transport block reception ending in subframe  cannot be successfully decoded, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe  or . In NTN, UE retransmits preamble with UE_specific TA, which can be larger than 5 subframes, may cause the retransmission occurs before the reception of RAR. Besides, consider the resource waste problem of long blind detection time 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.

UL-DL collisions in FDD-HD
The large RTD in NTN on HD-FDD UL-DL timing relationships may cause collision between UL transmission and DL reception. In order to solve the issue, it has been agreed in previous meeting that the UE-specific TA and/or K_offset can be used. 
A cell specific Koffset based on maximum UE differential delay can solve the UL-DL collision issue in FDD-HD. However, if the gNB is aware of the UE-specific TA, it can avoid UL-DL collisions in FDD-HD through appropriate scheduling with better scheduling efficiency. Configuring Koffset based on maximum UE differential delay is more suitable for initial access with tolerable delay to some extent. After initial access, it would be better to take advantage of UE-specific TA for gNB to conduct the scheduling.
Proposal 3: Configure cell specific Koffset based on maximum UE differential delay in initial access.
Proposal 4: After initial access, support UE-specfic TA reporting for UL-DL timing relationships scheduling.

TA reporting
Frequent UE-specific TA reporting may cause large signaling overhead and power consumption. Regarding the TA reporting, the overhead should be controllable. 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.
In addition, in order to minimize reporting overhead and consider the extra scheduled time on UL-DL timing relationships, it’s desirable that UE only reports TA associated 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].
For the signaling design of TA reporting, RRC signaling or MAC signaling is preferred, Moreover, coarse TA range reporting can be used for reducing signaling overhead, rather than accurate Tc level reporting.
Proposal 5: On UE_specific TA reporting, both event triggered based reporting and periodic reporting can be supported for different scenarios.
Proposal 6: One threshold is used for TA report triggering.
[bookmark: _GoBack]Proposal 7: Coarse TA range reporting with larger granularity can be supported, rather than accurate TA reporting. 

Timing offset for the start of RAR window
Based on the discussion in the last meeting, when downlink and uplink frame timing are aligned at gNB as shown in Figure 1a, the UE_specific TA equals to the UE_RTT. Hence, the indication of the start of RAR window is not needed. While indication of the start of RAR window is needed when downlink and uplink frame timing are not aligned at gNB as shown in Figure 1b. 



Figure 1a: The start of RAR window considering downlink and uplink frame timing aligned at gNB


Figure 1b: The start of RAR window considering downlink and uplink frame timing not aligned at gNB
[bookmark: OLE_LINK25][bookmark: OLE_LINK27]Based on the discussion in NTN, the starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. As for the value of the estimate of UE-gNB RTT, according to the agreement in NR NTN, it can be calculated by UE-gNB RTT＝UE’s TA+K_mac. Besides, the calculation utilizing UE-gNB RTT＝UE-satellite RTT+common delay+K_mac= UE-satellite RTT(service link RTT)+feeder link RTT may also be workable. 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Calculating UE-gNB RTT needs realtime UE-satellite RTT, common delay and K_mac. For UE- satellite RTT, it can be obtained based on GNSS and satellite ephemeris by UE itself. For common delay, UE will rely on gNB indication, and possible delay drift indication. However, if using the equation UE-gNB RTT＝UE-satellite RTT+common delay+K_mac to calculate the UE-gNB RTT, it may need to know the K-mac variation rate. In this case, network will broadcast the satellite ephemeris, the common delay, the K_mac, the common delay drift or K-mac drift. It will be complicated, especially when the satellite is configured as the reference point, K-mac should be updated with either common delay drift or common feeder link drift. Hence, no matter reference point configuration, the common drift can be expressed with feeder link drift, and using it to update the RTT. It will simplify the signaling indication and UE implementation.  
Proposal 8: Estimate the UE-gNB RTT with the equation UE_RTT = UE-satellite RTT(service link RTT)+feeder link RTT, where feeder link RTT= common delay+K_mac+delat_T*feeder link drift.

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: Configure cell specific Koffset based on maximum UE differential delay in initial access.
Proposal 4: After initial access, support UE-specfic TA reporting for UL-DL timing relationships scheduling.
Proposal 5: On UE_specific TA reporting, both event triggered based reporting and periodic reporting can be supported for different scenarios.
Proposal 6: One threshold is used for TA report triggering.
Proposal 7: Coarse TA range reporting with larger granularity can be supported, rather than accurate TA reporting. 
Proposal 8: Estimate the UE-gNB RTT with the equation UE_RTT = UE-satellite RTT(service link RTT)+feeder link RTT, where feeder link RTT= common delay+K_mac+delat_T*feeder link drift.
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