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In the RAN#86 plenary meeting, a study item for Rel.17 NBIoT/eMTC support for NTN was approved. One of the objectives is to specify the following enhancements to NBIoT/eMTC on NTN.

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.

The following agreements on timing relationship for IoT NTN were achieved:

Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1
· Capture in TR 36.763, individual companies battery life analysis in Appendix A
Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N
Agreement:
For DL synchronization in the Rel-17 timeframe, the following should be considered
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB
Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.

In this contribution, detailed considerations of potential NBIoT/eMTC enhancement for NTN, especially time and frequency synchronization enhancement are presented.

Discussion
Since GNSS capability is assumed in UE side based on SID[2], UE position information can be acquired based on GNSS module. If timing reference point can be set in NTN gateway (GW) or the eNB, the total propagation delay between the eNB and UE, includes delay for feeder link (T0) and delay for service link (T1),  and a common timing offset (TO) and a TO drift rate for delay of feeder-link (T0) can be broadcast in SIB similar as NR NTN. 
Through detecting DL reference signals (e.g., (N)PSS/(N)SSS, NRS, CRS), UE position, satellite position, UE can calculate distance/delay (T1) for service link and update the distance/delay (T1) based on the satellite velocity to direction UE-satellite. With full TA information (e.g., T0+T1), UE can adopt the estimated TA with respect to the eNB before sending Msg1 (i.e. random access preamble) or PUSCH transmission to the network as shown in Figure 1. 

Proposal 1: A common timing offset (TO) and a TO drift rate for the propogation delay of feeder-link are broadcast in SIB.
Proposal 2:  UE can calculate distance/delay for service link and update the distance/delay based on the satellite velocity.


Figure 1. Propagation delay illustration for IoT NTN

In connected mode, the combination of both open ( i.e. UE autonomous TA estimation based on UE position and satellite ephemeris, and common TA estimation and common timing drift rate) and closed control loop (i.e., received TA commands) shall be supported for IoT NTN.


Where   is UE-autonomous TA calculated based on the GNSS-acquired UE position and the serving satellite ephemeris for the service link RTT and  is network-controlled common TA to compensate (e.g.) for feeder link RTT. 
For TA maintenance, the UE needs to update  based on closed loop and () based on open loop mechanism.  For TA component  updated by open loop, common TA  and UE-specific TA  is from UE determination based on ephemeris assuming relative-fixed UE position.
Proposal 3： For TA maintenance, the UE needs to update  based on closed loop and   based on open loop mechanism.
For the frequency synchornization, frequency variation of feeder-link can be estimated and compensated by the eNB, and the Doppler shift over the feeder link and any transponder frequency error for both downlink and uplink is compensated in a way transparent to UE. The frequency offset of service link can be pre-compensated by eNB or/and UE based on the UE location information, satellite ephemeris, and moving speed/direction as NR NTN. For the pre-compensation by eNB in service link, eNB applies common frequency pre-compensation in DL, it may need to indicate the amount of frequency pre-compensation to the UE, and the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency shall be indicated to facilitate the determination of nominal UL TX frequency.
In NB-IoT/eMTC, repetition transmission is adopted to enhance the coverage. For IoT on NTN, cube-satellite with the size and power limitations needs legacy repetition transmission to enhance the downlink and uplink link performance. However, legacy NBIoT/eMTC is not allowed to update TA in the duration of repetition transmission, while in NTN, the distance/delay between satellite and UE (T1) is continuous changing and corresponding TA is continuous changing. For example, for the satellite orbital speed of 7.5 km/s at 600km altitude, and a minimum elevation angle on earth of approximately 10 degrees, the maximum delay drift between UE and satellite alone will be on the order of ±20 𝜇𝑠/𝑠. For one NPUSCH transmission spanning up to 40s, the delta propagation delay is changed up to ~1ms from the beginning to the end of PUSCH transmission, the TA adopted in the beginning is not suitable in the middle/end of the TB transmission.
Observation 1:  For NPUSCH transmission with large number repetition, the TA adopted in the beginning is not suitable in the middle/end of the TB transmission.
NB-IoT introduces uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization. If the timing offset drift is large, for example, the maximum delay drift is ±20 𝜇𝑠/𝑠, the TA drifts up to ±5 𝜇𝑠 from the beginning to the end of X=256ms uplink transmission,  which is comparable to the CP length (e.g., 4.7𝜇𝑠). 
It is agreed that UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· Solution A:  configure uplink transmission gap with length of Y after X uplink transmission. X and Y is determined by the time/frequency drift value as shown in Figure 2. The value of X and Y are determined by the satellite moving speed and altitudes.
· Solution B: Drop/Puncture last Y time duration or first Y time duration NPUSCH transmission every X ms time interval for TA adjustment. The puncture period is used for UE TA adjustment based on initial TA and TA drift value.
[image: ]
Figure 2:  Configure uplink transmission gap for UE pre-compensation



Figure 3:  Drop/Puncture uplink transmission for UE pre-compensation

Proposal 4: UE pre-compensation done per N time units with inserting transmission gap or puncturing uplink transmission should be considered in UL transmission in IoT on NTN.

Conclusions
In this contribution, considerations of timing relationship enhancement for IoT NTN are provided. The following proposals are given.
Proposal 1: A common timing offset (TO) and a TO drift rate for the propogation delay of feeder-link are broadcast in SIB.
Proposal 2:  UE can calculate distance/delay for service link and update the distance/delay based on the satellite velocity.
Proposal 3： For TA maintenance, the UE needs to update  based on closed loop and   based on open loop mechanism.
Observation 1:  For NPUSCH transmission with large number repetition, the TA adopted in the beginning is not suitable in the middle/end of the TB transmission.
Proposal 4: UE pre-compensation done per N time units with inserting transmission gap or puncturing uplink transmission should be considered in UL transmission in IoT on NTN.
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DL TA drifts ~5us from the beginning to the end of the X=256ms uplink transmission
duration, which is comparable to the CP length. Note: assuming drift rate=20us/s
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