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1. Introduction
At the 3GPP TSG RAN meeting #86 new study item (SI) on NB-IoT/eMTC support for Non-Terrestrial Network (NTN) was approved in [1]. This SI aims to evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC NTN. One of the objectives which is related to RAN1 is 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 [2] including the following items.
· Aspects related to random access procedure/signals
· Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication
· Timing offset related to scheduling and HARQ-ACK feedback
· Aspects related to HARQ operation
In this contribution enhancements to timing relationship for NB-IoT/eMTC to support NTN are discussed. 
2. Discussion
In order to reduce UE complexity and UE cost NB-IoT and eMTC devices support half-duplex FDD mode. In such mode simultaneous transmission and reception is not possible as it is done in normal FDD operation. It is assumed that in order to achieve time synchronisation for UL transmission UE applies additional TA to compensate delay introduced in the service link. The value of additional TA is calculated at the UE side autonomously based on GNSS information and satellite ephemeris. If the value of the additional delay is not known by the eNB, UL transmission can collide with DL reception at the UE side. Hence, reporting of additional TA applied by the UE to compensate service link delay should be supported. 
Proposal 1: 
· Reporting of additional TA applied by the UE to compensate service link delay calculated based on GNSS information and satellite ephemeris is necessary to enable half-duplex FDD operation
At the last RAN1 meeting the following agreement was made. 
	[bookmark: _Hlk63428477]Agreement:
Study the impact on any timing relationships for IoT-NTN due to the need to perform GNSS measurements for time and frequency synchronization


In our view it is not necessary to consider the GNSS measurements for timing relationships specified in RAN1. It can be assumed that the UE performs GNSS measurements in time gaps without any impact on the timing relationships. For example, UE can perform the GNSS measurements before initial access or in DRX when NB-IoT/eMTC module is disabled. Assuming that typically NB-IoT and eMTC remain active for a short period of time and UE velocity is up to 120 km/h, GNSS measurements in initial access or in DRX should be enough to maintain UL synchronization. 
Proposal 2: 
· It is assumed by RAN1 that a UE in has valid GNSS measurements available for UL synchronization
· No need to discuss additional time gap for GNSS measurements in RAN1
In addition to the already agreed timing relationship enhancements for NB-IoT and eMTC NTN there is one more feature which may need such enhancement. For MPDCCH/NPDCCH ordered PRACH/NPRACH there may be an ambiguity at the eNB side on the PRACH occasion selected by the UE. In order to avoid blind detection at the eNB enhancements can be considered for MPDCCH/NPDCCH ordered PRACH/NPRACH. One solution is to follow the existing PRACH occasion selection design with reporting of UE-specific TA. If UE-specific TA is known at the eNB, eNB can determine the selected PRACH occasion. Another way to avoid blind decoding is to introduce K_offset for selection of PRACH occasion for MPDCCH/NPDCCH ordered PRACH/NPRACH at the UE. Thus, selection of PRACH occasion will not depend on the UE-specific TA value. 
Proposal 3: 
· MPDCCH/NPDCCH ordered PRACH/NPRACH should be supported for NTN without blind detection at the eNB
· Alt. 1: PRACH occasion is determined at the eNB based on UE-specific TA reported by the UE
· Alt. 2: UE selects PRACH occasion based on slot offset K_offset
At the last RAN1 meeting good progress was achieved on timing relationships for NB-IoT and eMTC. It was agreed that for a list of timing relationships solution with additional common slot offset K_offset is considered as a starting point. For NR NTN WI such solution is already agreed. For example, it was already agreed for NR NTN that K_offset update after initial access is supported. This feature is needed in order to optimize K_offset according to actual RTT in some period of time. If update of K_offset is not supported eNB will be required to configure K_offset value corresponding to the worst-case RTT in time period corresponding to the SI content update. Larger K_offset value corresponds to larger delays for UL transmission which is not very important for NB-IoT and eMTC. Thus, for eMTC and NB-IoT there is no need to support K_offset update after initial access.
Proposal 4: 
· There is no need to support K_offset update after initial access for eMTC and NB-IoT
3. Conclusion
In this contribution aspects related to timing relationship enhancements for NB-IoT/eMTC NTN were discussed. The following proposals were made.
Proposal 1: 
· Reporting of additional TA applied by the UE to compensate service link delay calculated based on GNSS information and satellite ephemeris is necessary to enable half-duplex FDD operation
Proposal 2: 
· It is assumed by RAN1 that a UE in has valid GNSS measurements available for UL synchronization
· No need to discuss additional time gap for GNSS measurements in RAN1
Proposal 3: 
· MPDCCH/NPDCCH ordered PRACH/NPRACH should be supported for NTN without blind detection at the eNB
· Alt. 1: PRACH occasion is determined at the eNB based on UE-specific TA reported by the UE
· Alt. 2: UE selects PRACH occasion based on slot offset K_offset
Proposal 4: 
· There is no need to support K_offset update after initial access for eMTC and NB-IoT
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