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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 objective 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.
In this contribution, detailed considerations of potential NBIoT/eMTC enhancement for NTN, especially uplink time&synchronization, timing relationship and HARQ enhancement are presented.

Discussion
This section describes specific non-terrestrial network design constraints and enhancement that need to be addressed when considering the NTN deployment scenarios for eMTC and NBIoT.

UL time and frequency synchronization
Considering on characteristics of satellite communication systems, e.g., possibly large cell coverage and high Doppler, the following aspects have been studied in NR NTN, some potential enhancement solutions have been proposed in TR38.821. While for eMTC/NBIoT, some new issues and problems are identified:
· DL synchronization via SYNC
· Random access via PRACH 
· Maintenance for UL timing advance and frequency synchronization

DL initial synchronization is based on PSS/SSS for eMTC and NPSS/NSSS for NBIoT with multiple repetition combining. In order to access the LTE network, the UE has to detect above synchronization signals. Those synchronization signals allow time and frequency correction, and Cell ID detection. Based on the previous study of NR NTN, We expect that requirements (SNR level of -6 dB (FFS: converge enhancement of [20]dB), frequency error robustness of [5] ppm for eMTC UE and [20] ppm for NBIoT and 1% false alarm) defined for terrestrial UE will be kept the same for NTN UE. Even if the SNR level of NTN systems is typically in the range of -3 to 13 dB SNR without coverage enhancement. Initial access performance for eMTC/NBIoT on NTN needs to be confirmed by evaluation in SI stage, and some potential factors influencing initial access performance are listed:
· New frequency carrier (e.g., S-band, 2GHz). If NBIoT on NTN is deployed in S-band, and the initial frequency offset can be up to 20ppm, there is totally 40KHz initial frequency offset, which is larger than legacy TN NBIoT (e.g., 900Mz). The performance of initial synchronization needs further evaluation.

· Doppler shift. The worst case for NTN systems corresponds to non-geostationary systems, at lowest altitude (i.e. 600 km), where the speed of the satellite embedding transmission equipment is 7.5 km/s, which introduce additional frequency offset between satellite and UE up to +/- 48kHz Doppler Shift in downlink for LEO in S band (2 GHz). The high Doppler shift will largely affect the performance of DL synchronization for both eMTC and NBIoT without pre-compensation.

· Propagation delay drift in SYNC signal. Considering 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 will be on the order of . NBIoT synchronization reception spans multiple subframes and SYNC signal transmission period is larger than LTE and NR. The synchronization reception needs more reception time with multiple repetition combining, so the propagation delay drift during long time synchronization signal reception can’t be ignored.

Observation 1: DL initial synchronization performance may be affected by the new frequency carrier, Doppler shift and propagation delay drift for NBIoT on NTN.


Figure 1 TA component in NTN IoT

With consideration on the larger cell coverage, long round trip time (RTT) and high Doppler, enhancements are considered to ensure the performance for timing and frequency synchronization for RACH and UL transmission. DL and UL timing is aligned at gNB with timing advance. The timing advance is twice the value of the propagation delay. Different UEs usually have different timing advance.
For UE with location information, TA is comprised of a common TA component and a UE-specific TA component as shown in Figure 1. The common TA refers to propagation delay (or partial propagation delay) between the satellite and gateway shared by all UEs within the coverage of same satellite cell, and is broadcasted by the network per satellite cell. The UE-specific TA refer to propagation delay between UE and satellite, and is achieved by UE self-estimation based on the location (e.g., GNSS) and ephemeris information or TA command indicated in corresponding DCI.
Proposal 1: TA is comprised of a common TA component and a UE-specific TA component.
For TA update granularity, the maximum TA step should be valid within cyclic prefix. With normal cyclic prefix, we expect the maximum step not to exceed the normal CP length (e.g. CP length is 4.7 µs in 15kHz SCS case). It means that the number of TA commands to be sent per second to track the maximum drift of 35 µs/s is about 10 per second.
However, for NBIoT/eMTC uplink transmission, the transmission spans tens of seconds with large number of repetition if coverage enhancement is assumed, the TA adopted in the beginning of TB transmission is not suitable in the middle/end of the TB transmission, so the TA should be updated during the uplink transmission to maintain OFDM orthogonality. During the uplink transmission, no TA command is available; UE can update TA with derived value based on its location information, satellite position and velocity signal information broadcast in system information. Alternatively, the UE can adopt the TA updating based on Doppler measurements as proposed in ‎[4]. The advantage of this method for NBIoT in NTN is that this scheme requires a lower TA signaling, hence saving overhead and power.
Proposal 2: TA adopted in the beginning of TB transmission is not suitable in the middle/end of the TB transmission, so the TA should be updated during the uplink transmission to maintain OFDM orthogonality.
Timing relationships
The propagation delays in terrestrial mobile systems are usually less than 1ms. In contrast, the propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the altitudes of the satellite in NTN. In NR, The enhancement can be to introduce an offset Koffset and applying it to modify the relevant timing relationships, for example, the transmission timing delay between DCI and scheduled PUSCH, the transmission timing delay between RAR grant and scheduled PUSCH, the transmission timing delay of PDSCH and HARQ-ACK on PUCCH, etc
For NBIoT and eMTC, similar timing offset Koffset  should be introduced to deal with the long propagation delay. The values of Koffset can be different for each of the identified timing relationships. Consider the valid and invalid subframe configuration, the Koffset should be cell-specific configured as multiple of periods of valid subframe pattern if configured, which can avoid the potential collision of transmission.
Proposal 3:  Timing offset Koffset  can be cell-specific configured as multiple of periods of valid subframe pattern if configured
Considering the long scheduling delay, the NPDCCH monitoring configuration should be optimized for power saving. For example with the introduce additional Koffset   to scheduling delay for DCI N0 to NPUSCH format 1 in Figure 2, it is not necessary for UE to monitor the NPDCCH in the whole scheduling delay period, especially for large Koffset .
[image: ]
Figure 2  Rel.13 NPDCCH monitoring
Proposal 4: The NPDCCH monitoring configuration should be optimized for power saving with long scheduling delay.
HARQ enhancement
For the long satellite round trip delay, there are a lot of HARQ enhancement solutions proposed in NR NTN. One solution is to increase the number of HARQ processes to match the longer satellite round trip delay to avoid stop-and-wait in HARQ procedure.
For NBIoT/eMTC NTN satellite transmission, the minimum required number of HARQ processes can be computed directly from the RTT delay of each satellite constellation, e.g., LEO, MEO and GEO, using the following formula:

where  is the minimum required number of HARQ processes,  is 1ms assuming a reference numerology 15 kHz subcarrier spacing, and  is the time duration between the initial transmission of one transport block (TB) and the corresponding ACK/NACK complete decoding. And the maximum number of required HARQ processes for GEO and LEO (assuming 1ms slot duration and 15 kHz SCS) increases to approximately 600 and 50 respectively, significantly exceeding the maximum number of HARQ processes in terrestrial network 
However, the configured HARQ process number is also determined by the HARQ soft buffer size. In NR, the number of HARQ processes is agreed to be configured up to 32, not the required 600 or 50 for GEO and LEO due to the HARQ soft buffer and DCI scheduling. For NBIoT and eMTC, considering the HARQ soft buffer size, the potential HARQ process number can be maintained the same as Rel.13 or slightly doubled as agreed in NR.
Proposal 5: Considering the HARQ soft buffer size, the potential HARQ process number can be maintained the same as Rel.13 or slightly doubled as NR.
Another solution is to disable UL HARQ feedback to avoid stop-and-wait in HARQ procedure and rely on RLC ARQ for reliability. From NR NTN study, HARQ feedback process disabling is configured per UE and per HARQ process. For NBIoT, there are only up to 2 HARQ process number, it is not necessary to support disabling HARQ,  while for eMTC, there are up to 8 HARQ process number for CE mode A, so disabling HARQ process can be for further study.

Conclusions
In this contribution, potential NBIoT/eMTC enhancement for NTN, especially uplink time&synchronization, timing relationship and HARQ enhancement are presented. 
Observation 1: DL initial synchronization performance may be affected by the new frequency carrier, Doppler shift and propagation delay drift for NBIoT on NTN.
Proposal 1: TA is comprised of a common TA component and a UE-specific TA component.
Proposal 2: TA adopted in the beginning of TB transmission is not suitable in the middle/end of the TB transmission, so the TA should be updated during the uplink transmission to maintain OFDM orthogonality.
Proposal 3:  Timing offset Koffset  can be cell-specific configured as multiple of periods of valid subframe pattern if configured
Proposal 4: The NPDCCH monitoring configuration should be optimized for power saving with long scheduling delay.
Proposal 5: Considering the HARQ soft buffer size, the potential HARQ process number can be maintain the same as Rel.13 or slightly doubled as NR.
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