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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. The outcome of the SI is captured in the TR 36.763. At the RAN#92-e new work item (WI) on NB-IoT and eMTC NTN (IoT-NTN) was agreed in. One of the objectives from the WID [2] is to specify the following  IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763.
· 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.
In this contribution enhancements to timing relationship for NB-IoT/eMTC to support NTN are discussed. 
2. Discussion
One of the objectives of the newly introduced WI for IoT-NTN [2] is to enhance timing relationships for NB-IoT / eMTC as listed in Section 6.6.3 in TR 36.763. According to the TR 36.763, the enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of eMTC timing relationships in IoT NTN. Since the solution which is based on K_offset is simple and it is already considered for NR NTN, we propose to support it for eMTC and NB-IoT NTN.
Cell-specific K_offset should be broadcasted by the eNB and received by a UE before initial access. After initial access update of K_offset to UE-specific value can be considered to improve delay characteristics for PUSCH and PUCCH. UE-specific K_offset configuration can be consider after some other details are agreed (e.g. support of cell-specific K_offset and reporting of UE-specific TA).
Proposal 1: 
· Support additional common slot offset K_offset for the Timing relationships for NB-IoT / eMTC listed in Section 6.6.3 in TR 36.763 
· Support at least cell-specific configuration of K_offset; FFS: UE-specific configuration of K_offset
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. Since subframe-level granularity is enough to avoid collision between UL transmission and DL reception with reasonable delay, subframe granularity can be considered for the reporting of the TA. 
Proposal 2: 
· Reporting of UE-specific TA calculated based on GNSS information and satellite ephemeris is necessary to enable half-duplex FDD operation
· Subframe-level granularity can be considered for reporting
In order to track the variations in the TA value over time report of UE-specific TA can be updated time to time. In order to reduce the overhead some features may be considered. For example, reporting of information to extrapolate/interpolate UE-specific TA can be considered (e.g. series of values, 1st order derivative, etc.). Also, Reporting of UE location (based on GNSS) can be considered to calculate common TA at the eNB side.
Proposal 3: 
· Consider the following alternatives to decrease UE-specific TA reporting overhead
· Alt 1. Reporting of information to extrapolate/interpolate UE-specific TA (e.g. series of values, 1st order derivative, etc.)
· Alt 2. Reporting of UE location (based on GNSS)
In addition to the timing relationship captured in Section 8 in TR 36.763 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 4: 
· 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
One of the issues which is considered for NR NTN is the indication of K_offset. Basically, K_offset can be divided into two parts, where one of the K_offset parts is equal to the Common TA. This can be used to decrease K_offset and Common TA indication overhead. We propose to consider this issue for IoT-NTN.
Proposal 5: 
· Consider the following options for K_offset indication 
· Alt. 1: Single K_offset value is indicated 
· Alt. 2: Two K_offset values corresponding to service link and feeder link are indicated separately
· FFS: Implicit determination of K_offset for feeder link from Common TA (or vice versa)
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: 
· Support additional common slot offset K_offset for the Timing relationships for NB-IoT / eMTC listed in Section 6.6.3 in TR 36.763 
· Support at least cell-specific configuration of K_offset; FFS: UE-specific configuration of K_offset
Proposal 2: 
· Reporting of UE-specific TA calculated based on GNSS information and satellite ephemeris is necessary to enable half-duplex FDD operation
· Subframe-level granularity can be considered for reporting
Proposal 3: 
· Consider the following alternatives to decrease UE-specific TA reporting overhead
· Alt 1. Reporting of information to extrapolate/interpolate UE-specific TA (e.g. series of values, 1st order derivative, etc.)
· Alt 2. Reporting of UE location (based on GNSS)
Proposal 4: 
· 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 5: 
· Consider the following options for K_offset indication 
· Alt. 1: Single K_offset value is indicated 
· Alt. 2: Two K_offset values corresponding to service link and feeder link are indicated separately
· FFS: Implicit determination of K_offset for feeder link from Common TA (or vice versa)
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