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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on previous NR NTN discussion, timing relationship had taken into account longer propagation delay and reference point configuration. In terms of IoT NTN, similar issue exists due to almost same deployment scenarios. Hence, general principle for NR NTN can be reused to resolve same issue, but additional enhancement should be considered to address differential issue in IoT NTN. Based on NTN Chairman's Notes 104bis-e [1], there are some agreements and conclusion as follows.
Agreement:
The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
· FFS: NPDCCH order to NPRACH
· FFS: Other NB-IoT timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of NB-IoT timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.

Agreement:
The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships

Agreement:
The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of eMTC timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.

Agreement:
For NB-IoT over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission

Agreement: 
For eMTC over NTN, the following timing relationship needs to be studied to check whether enhancement is necessary and beneficial: 
· PRACH preamble retransmission

Agreement:
Capture the following in the TR:
The UE-specific TA and/or K_offset can be used by the eNB in its scheduling to avoid UL-DL collisions in FDD-HD.

Agreement:
The following aspects of Koffset are not to be studied further and can at least rely on decisions made in the NR NTN WI:
· Explicit or implicit indication in system information
· Support UE-specific Koffset after initial access

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 the assumption of TA=0 and thus 12 milliseconds may be workable. While in NTN, UE retransmits preamble with UE_specific TA, which can be larger than 12 milliseconds, so this timing restriction is not suitable.  
Therefore, for the retransmission of preamble, an offset is necessary to be introduced to adjust UL transmission timing. 

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, it may introduce additional complexity due to long blind detection at the network.
Therefore, for the retransmission of preamble, an offset is necessary to be introduced to adjust UL transmission timing.  

Proposal 2: For eMTC in NTN, timing enhancement of preamble retransmission is needed.

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, 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. When downlink and uplink frame timing are aligned at gNB, assume that reference point is located in the satellite, UE is only aware of the TA between UE and reference point, but has no knowledge to the RTT between UE and gNB.



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

For UE, UE_specific TA can be obtained based on GNSS and ephemeris by UE itself. So UE_RTT = UE_specific TA + feeder link RTT. Hence, indicating the feeder link RTT to help UE to derive the RAR reception timing is necessary.
Proposal 3: Indicating the feeder link RTT to help UE to derive the RAR reception timing is supported.

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.
[bookmark: _GoBack]Proposal 3: Indicating the feeder link RTT to help UE to derive the RAR reception timing is supported.
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