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In RAN1#104-e, a couple of agreements have been achieved to enhance the timing relationship for IoT over NTN [1]:
Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· FFS: Other NB-IoT timing relationships

Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: Other eMTC timing relationships

Agreement: 
Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 

Agreement:
Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.


In this contribution, we discuss the timing relationship enhancements for IoT over NTN.

[bookmark: _Ref129681832]Discussion
Timing relationship enhancements 
The propagation delay in NTN can be in the order of several milliseconds to hundreds of milliseconds, which is much larger than that in terrestrial networks [2]. Similar to NR NTN UE, an IoT device in case of NTN deployment also needs to apply a large TA value, which leads to a large offset in its DL and UL frame timing. As agreed in [1], following timing relationships enhancement need to be further evaluated: 
· NPDCCH to NPUSCH format 1 TS36.213 Section 16.5.1
A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N0 ending in NB-IoT DL subframe n intended for the UE, perform, at the end of 
-	n+k0 DL subframe for FDD, 
-	k0 NB-IoT UL subframes following the end of n+8 subframe for TDD,


· RAR grant to NPUSCH format 1 TS36.213 Section 16.3.3

Scheduling delay field () as determined in Subclause 16.5.1 with k0 = 12 for IDelay = 0 , where NB-IoT DL subframe n is the last subframe in which the NPDSCH associated with the Narrowband Random Access Response Grant is transmitted – 2 bits

· NPDSCH to HARQ-ACK on NPUSCH format 2 TS36.213 Section 16.4.2
The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of 

-	DL subframe for FDD,

-	 NB-IoT UL subframes following the end of n+12 subframe for TDD,


· NPDCCH order to NPRACH TS36.213 Section 16.3.2

In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of random access preamble at the end of the first subframe [image: ], , where a NPRACH resource is available. 

· Timing advance command activationTS36.213 Section 16.1.2
For a timing advance command reception ending in DL subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+12 DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission. When the UE's uplink NPUSCH transmissions in NB-IoT uplink slot n and NB-IoT uplink slot n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of NB-IoT uplink slot n and not transmit the overlapped part of NB-IoT uplink slot n+1.

According to current specification, the Koffset introduced in NR NTN can be reused in IoT NTN to enhance the timing relationships involving DL-UL timing interactions. Signalling details of Koffset are discussed in [2] [3] [4], when signalling details are determined in NR NTN, IoT NTN can also reuse or revise them if needed. It shall be noted that, when introducing Koffset, the resulting extended idle period can be to schedule other UE or other service in consideration of optimizing resource utilization. 
[image: ]
Figure 1 Illustration of re-scheduling idle resource
Observation 1: The Koffset introduced in NR NTN can be reused in IoT NTN to enhance the timing relationships.
Proposal 1: Koffset is introduced to enhance the following timing relationships for NB-IoT over NTN
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
UL-DL collision for TDD/HD-FDD 
[bookmark: _GoBack][image: ]
Figure 2 Restriction on Scheduling for TDD/HD-FDD
For TDD/HD-FDD UEs, the large TA in NTN scenarios may result in interrupted UL/DL transmissions. As shown in Figure 2, upon receiving UL grant in DCI1, considering timing advance, UE shall start UL transmission at n+k-TA, if n+k-TA<n+k-2, the UL-DL collision will occur. K_offset can play a role in avoiding collision between UL transmission and DL reception which go against the half duplex constraint.
Observation 2: The K_offset can be used to avoid collision between UL transmission and DL reception.

Conclusion
In this contribution, we discuss the timing relationship enhancements in IoT NTN. The following observations and proposals are presented:
Observation 1: The Koffset introduced in NR NTN can be reused in IoT NTN to enhance the timing relationships.
Observation 2: The K_offset can be used to avoid collision between UL transmission and DL reception.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Koffset is introduced to enhance the following timing relationships for NB-IoT over NTN
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
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