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At RAN#92-e, a new Rel-17 work item was agreed on NB-IoT/eMTC support for NTN [1]:
The WID lists the following objectives for IoT NTN specific timing relationship enhancements:
-	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.
Section 6.6.3 of the TR 36.763 identifies the following NB-IoT timing relationships that 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
In this contribution, we discuss the NB-IoT timing relationships for IoT-NTN listed above.
[bookmark: _Ref129681832]Discussion
Timing relationship enhancements 
To check whether any enhancement to timing relationship for IoT-NTN is necessary and beneficial, we should first check the how these timing relationships are defined in current specification for NB-IoT [2]:
NPDCCH to NPUSCH format 1
TS 36.213, 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,
a corresponding NPUSCH transmission using NPUSCH format 1 in N consecutive NB-IoT UL slots ni with i = 0, 1, …, N-1 according to the NPDCCH information where
-	subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI; and
……

RAR grant to NPUSCH format 1
TS 36.213, Section 16.6 :
For a NPDCCH UE-specific search space, if a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig 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,
……

NPDSCH to HARQ-ACK on NPUSCH format 2
TS 36.213, 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,
transmission of the NPUSCH carrying ACK/NACK response, and SR (if any) if the serving cell is FDD and the UE is configured with higher layer parameter sr-with-HARQ-ACK-Config, using NPUSCH format 2 in N consecutive NB-IoT UL slots, where
……

Timing advance command activation
TS 36.213, 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.

The timing relationships for NB-IoT above are described without considering the effect of timing advance at the UE. This works fine for terrestrial NB-IoT since TA is not large. For NB-IoT over NTN, TA is much larger and K_offset shall be introduced similar to what has been discussed for NR-NTN. 
For NPDCCH to NPUSCH format 1, “n+k0 DL subframe for FDD” should be changed to “n+k0+K_offset DL subframe for FDD” DL subframe for FDD”. 
For RAR grant to NPUSCH format 1, “if the corresponding NPUSCH format 1 transmission starts from n+k” should be changed to “if the corresponding NPUSCH format 1 transmission starts from n+k+K_offset”.


For NPDSCH to HARQ-ACK on NPUSCH format 2, “ DL subframe for FDD” should be changed to “+K_offset+ DL subframe for FDD”.
For Timing advance command activation, “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” should be changed to “the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+12+K_offset DL subframe”.
Proposal 1: K_offset is introduced to the following timing relationships for NB-IoT
· NPDCCH to NPUSCH format 1
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
The timing relationship for NPRACH retransmission are described in the following
NPRACH retransmission
TS 36.213, Section 16.3.2 :
a) If an NPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block ending in subframe n contains a response to the transmitted preamble sequence, the UE shall, according to the information in the response, transmit an UL-SCH transport block according to Clause 16.3.3.
b)	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.
c)	If no NPDCCH scheduling random access response is received in subframe n, where subframe n is the last subframe of the random access response window, 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.
d)	If an NPDCCH scheduling random access response with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception ending in subframe n cannot be successfully decoded, 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.



Based on the above, a new preamble will be retransmitted in conditions b), c) or d). For conditions b) and d), the timing relation for NPRACH retransmission is illustrated in Figure 1. For condition c), the timing relation for NPRACH retransmission is illustrated in Figure 2. Clearly, the timing relationship defined in current specification can be fulfilled by UE implementation by taking the TA into consideration, and there is no need to introduce enhancement for NPRACH preamble retransmission. 
[image: ]
[bookmark: _Ref70000174]Figure 1 DL-SCH transport block ending in subframe n does not contain a response or cannot be successfully decoded
[bookmark: _GoBack][image: ]
[bookmark: _Ref70000459]Figure 2 No NPDCCH scheduling random access response is received in the last subframe of the random access response window
Observation 1: According to the current specification, a UE can select a suitable occasion for PRACH retransmission taking into account effect of timing advanced applied at the UE.
Proposal 2: There is no need to enhance the timing relationship of NPRACH preamble retransmission.

UE specific TA and/or K_offset
The UE-specific TA and/or K_offset can be used by the eNB in its scheduling to avoid UL-DL collisions. In particular, the UE-specific TA can be used by the eNB to update the value of UE-specific K_offset. 
There are two options to determine the UE-specific TA
· Option 1: If a UE reports its location, the eNB can calculate the UE specific TA based the UE location and satellite ephemeris.
· Option 2: A UE can calculate its UE specific TA and report it to the eNB. 
For moving UEs, there is no big difference between the two approaches. However, for a stationary UE or very low speed UE, the changing of the UE specific TA mainly depends on the movement of the satellite. Therefore, after UE reports its location to the network, the UE specific TA can be calculated by the eNB, which could save the total signaling overhead compared to option 2. It shall be noticed that, there is no need for the UE to report a very accurate location as this is mainly used to for scheduling where granularity is one slot. Figure 1 provides the TA deviation to the real TA if the UE reports a biased location which is 10km away. It can be observed that the TA deviation is less than 0.08ms regardless of the elevation angle. 
[image: ]
Figure 1 TA deviation when a rough location with 10km error is reported
A UE moving at high speed,  can also report a biased location information during initial access and K_offset can be updated by reporting a TA difference between real TA and TA calculated by the reported UE location and satellite position with the granularity of one slot. Comparing to reporting an absolute TA, reporting a differential TA can considerably reduce the signaling overhead.
Observation 2: For a stationary or low speed UE, calculating UE specific TA at the network side could save the signalling overhead.
Proposal 3: For stationary or low speed UE, support UE reporting its location with some bias to calculate UE specific TA.
Proposal 4: For UE with high speed, a biased location can be reported for UE-specific K_offset and a differential value can be reported for UE-specific K_offset update. 

Conclusion
In this contribution, we discuss the timing relationship enhancements in IoT NTN. The following observations and proposals are presented:
Observation 1: According to the current specification, a UE can select a suitable occasion for PRACH retransmission taking into account effect of timing advanced applied at the UE.
Observation 2: For a stationary or low speed UE, calculating UE specific TA at the network side could save the signalling overhead.
Proposal 1: K_offset is introduced to the following timing relationships for NB-IoT
· NPDCCH to NPUSCH format 1
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
Proposal 2: There is no need to enhance the timing relationship of NPRACH preamble retransmission.
Proposal 3: For stationary or low speed UE, support UE reporting its location with some bias to calculate UE specific TA.
Proposal 4: For UE with high speed, a biased location can be reported for UE-specific K_offset and a differential value can be reported for UE-specific K_offset update. 
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