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In RANP#86, a study item on support of NB-IoT and eMTC over NTN was approved [1], with the following objectives related to necessary specification changes for NB-IoT and eMTC:
This Study will evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC according to the following objectives. 
The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
-    Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]
NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.

This document considers the time and frequency adjustment enhancements, including to timing advance and frequency compensation, for the support of NB-IoT and eMTC over NTN. This document expands on the initial views on this topic that we submitted to RAN1#103e [3]. 

Timing advance indication
Time synchronization for the UL entails acquiring the UL timing advance (TA) for the UE. In terrestrial EUTRA, the TA can be sent to the UE in the random access response (RAR) message. In NTN, because of the long RTD and large satellite beam footprint, the TA range is much wider and the RAR window is much later and wider. For these reasons, other means of acquiring the TA were considered in TR 38.821. For example, suitably equipped UEs can use their onboard GNSS to acquire an accurate position for the UE. Then if the network sends the UE the positions of the satellite and the eNB (for example in the SI), the UE can use these three positions to calculate its TA value. Similar approaches may need to be adopted for IoT NTN.
In TR38.821, there are two broad approaches to the UE determining timing advance information:
Option 1: Autonomous acquisition of the TA at the UE based on satellite ephemeris and knowledge of UE and eNB location
The timing advance value to be applied by the UE can be calculated by the UE knowing the following information:
· UE location. The UE knows its location through GNSS measurement by the UE. Note that the SID assumes that the UE has GNSS capability.
· Satellite location. The satellite location can be signaled as satellite ephemeris information or as satellite position and velocity information (that could for example be signaled on SIB)
· eNodeB location. For a transparent payload satellite, the propagation time between the satellite and the eNodeB on the feeder link to the ground also contributes to the round trip time.
Knowing these pieces of information, the UE can determine the propagation time on the service link (satellite to UE) and the feeder link (satellite to eNB) and can hence calculate the timing advance that needs to be applied to UL transmissions.
Note that instead of signaling the eNodeB location to the UE, the network could signal the distance between the eNodeB and the satellite or the propagation delay between the UE and satellite.
There may be some residual timing advance that needs to be applied by the UE. This residual timing advance is expected to be within the limits of the timing advance that can be applied in Rel-16 eMTC and can be signaled as per Rel-16 eMTC.
Option 2: Timing advance adjustment by network indication
A common value of timing advance that is to be applied in the cell / beam footprint can be signaled by the eNodeB. The eNodeB can base this common value of timing advance on a reference point within the cell, such as the centre of the cell / beam footprint or the closest point of the cell / beam footprint to the satellite. Compared to Release-16, a larger value of timing advance may have to be signaled in the RAR to account for the large cell radius / beam footprint size.
Proposal 1: RAN1 studies the following two methods for the UE determining timing advance:
· Option 1: Autonomous acquisition of the TA at the UE based on satellite ephemeris and knowledge of UE and eNB location
· Further refinement of TA can be signaled in the RAR message
· Distance from eNodeB to satellite may be signaled instead of eNodeB location
· Option 2: Timing advance by network indication
· Network broadcasts a common TA to be applied in the cell
· Extended values of TA may be signaled in RAR 


Frequency compensation
A large Doppler shift is possible in an IoT-NTN system, especially in the case of LEO constellations, where the satellite may be moving at considerable velocity. The Doppler shift may vary throughout the cell since the cell radius / beam footprint may be large. 
It is assumed that the Doppler shift is not so great that it causes the carrier to appear outside the expected raster of eMTC. If there were a danger of this, it is assumed that implementation based techniques would be adopted to mitigate this issue. For example, a frequency pre-compensation might be applied in the eMTC downlink.
Since it is assumed that the UE has a GNSS receiver, the UE is able to determine the Doppler shift that would be observed at the satellite based on:
· UE location and velocity. This could be determined by the UE’s GNSS receiver.
· Satellite position and velocity. This can be broadcast in the cell as either satellite ephemeris information or as satellite position and velocity information
The UE can then pre-compensate the frequency of UL transmissions, both on PRACH and PUSCH, such that the UL transmissions are received at the satellite in the correct frequency location. UL signals from different UEs should be aligned correctly at the satellite (e.g. within a frequency accuracy of 0.1ppm) and inter-subcarrier interference in the signal received by the satellite should be minimized.
For the feeder link, the eNodeB may compensate for the Doppler shift between the satellite and eNodeB. There is in any case no danger of inter-subcarrier interference in the signal received at the eNodeB as the UL transmissions should have been frequency aligned at the satellite.
Note that while it might be possible to design a system that does not rely on frequency pre-compensation through use of a GNSS receiver at the UE, this would be expected to have larger specification impacts in terms of PRACH formats, preamble sequences, signaling etc. (as described in TR38.821). The specification and implementation impacts of such an approach means that operating in this mode is not preferred: it is preferable to rely on frequency pre-compensation at the UE. 
Proposal 2: The UE pre-compensates the frequency of its UL transmissions in order to mitigate for Doppler shift.
Proposal 3: The frequency compensation that the UE is to apply to UL transmissions is based on:
· UE GNSS receiver measurements of UE position and velocity
· SIB signaling of either satellite ephemeris information or satellite position and velocity information

PRACH Congestion
As discussed above, UEs need to have up to date satellite position before they can transmit PRACH, since the UE needs to determine the timing advance and frequency compensation to apply to the PRACH. An eMTC or NB-IoT UE will spend much of its time in IDLE mode in order to save power. Data may arrive in the UE’s buffers while the UE is in IDLE mode. The UE will then have to wait until the satellite position and velocity information is received on SIB before it can transmit its PRACH. 
Since all UEs that have data to transmit will wait until the same satellite position and velocity information is received, all the UEs will attempt to send PRACH at the same time, leading to PRACH congestion. This congestion will occur every time SIB transmits satellite position and velocity information, in contrast to the PRACH congestion issues considered in Rel-11 that were ameliorated by Extended Access Class Barring (EAB).
This congestion issue is illustrated in Figure 1. The figure shows satellite position and velocity information being sent periodically using a SIB denoted “SIB_x” (RAN2 can decide the SIB in which satellite position and velocity information is transmitted). Data arrives in the UL transmit buffers of several UEs, UE1 to UE3, while those UEs are in IDLE mode. These UEs wait until the satellite position and velocity information is transmitted on SIB_x. Once the UEs have the satellite position and velocity information, all the UEs attempt to transmit at the same time, leading to a spike in PRACH activity and PRACH congestion (lower part of the figure).
[image: ]
[bookmark: _Ref61888309]Figure 1 – PRACH congestion caused by UEs waiting for satellite position and velocity information being sending PRACH

PRACH congestion following transmission of satellite position and velocity information on SIB can be reduced by requiring that UEs defer transmission of their PRACH by a UE specific amount. For example, UEs could be required to defer transmission of PRACH following reception of SIB carrying satellite position and velocity information by a random amount, such that PRACHs arrive in a uniformly distributed fashion between SIB transmissions.
Proposal 4: RAN1 studies ways of mitigating PRACH congestion when IDLE mode UEs simultaneously transmit PRACH after receiving satellite position and velocity information.

[bookmark: _Hlk47387515]Conclusions
This document has considered time and frequency synchronization enhancements for IoT-NTN. The following proposals are made:
Proposal 1: RAN1 studies the following two methods for the UE determining timing advance:
· [bookmark: _GoBack]Option 1: Autonomous acquisition of the TA at the UE based on satellite ephemeris and knowledge of UE and eNB location
· Further refinement of TA can be signaled in the RAR message
· Distance from eNodeB to satellite may be signaled instead of eNodeB location
· Option 2: Timing advance by network indication
· Network broadcasts a common TA to be applied in the cell
· Extended values of TA may be signaled in RAR 

Proposal 2: The UE pre-compensates the frequency of its UL transmissions in order to mitigate for Doppler shift.
Proposal 3: The frequency compensation that the UE is to apply to UL transmissions is based on:
· UE GNSS receiver measurements of UE position and velocity
· SIB signaling of either satellite ephemeris information or satellite position and velocity information

Proposal 4: RAN1 studies ways of mitigating PRACH congestion when IDLE mode UEs simultaneously transmit PRACH after receiving satellite position and velocity information.
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