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1	Introduction
In RAN#92-e, a Rel-17 Work Item (WI) on IoT NTN was approved to specify support of NB-IoT and eMTC over NTN [1]. The overall objective is as follows.
The objective of this Work Item is to specify support of NB-IoT and eMTC over NTN. Work on both NB-IoT and eMTC will start in August 2021 meetings.
Enhancements shall be specified as described hereafter with the following assumptions:
· Standalone deployment for NB-IoT / eMTC (i.e. operating in carrier(s) used only for NB-IoT NTN (resp. eMTC NTN)) for support in Rel-17 timeframe will be prioritized. 
· GNSS capability in the UE is taken as a working assumption 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.
· NB-IoT/eMTC design for terrestrial networks shall be reused as much as possible.
· Transparent payload


An overview of 3GPP non-terrestrial networks can be found in [2]. eMTC and NB-IoT are complementary technologies that can address different types of IoT NTN use cases based on their unique capabilities [3][4]. In this contribution, we discuss timing relationship enhancements for IoT NTN which have the following objectives.
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.


[bookmark: _Ref54287404]2	Timing relationships
As listed in Section 6.6.3 in TR 36.763, the following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
-	MPDCCH to PUSCH 
-	RAR grant to PUSCH 
-	MPDCCH to scheduled uplink SPS 
-	PDSCH to HARQ-ACK on PUCCH 
-	CSI reference resource timing 
-	MPDCCH to aperiodic SRS 
-	Timing advance command activation
-	FFS: MPDCCH order to PRACH
-	FFS: Other eMTC timing relationships
The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:
-	NPDCCH to NPUSCH format 1 
-	RAR grant to NPUSCH format 1
-	NPDSCH to HARQ-ACK on NPUSCH format 2
-	Timing advance command activation
-	FFS: NPDCCH order to NPRACH
-	FFS: Other NB-IoT timing relationships
It was acknowledged during the study item that the enhancement based on extending the timing relationship, by e.g. K_offset, adopted in NR NTN should be the starting point for enhancement of timing relationships in IoT NTN. We propose to formally agree to introduce cell-specific K_offset in the timing relationships which are considered essential minimum functionality of IoT NTN.
[bookmark: _Toc79168006]Introduce cell-specific K_offset to enhance the following timing relationships for eMTC NTN
[bookmark: _Toc79168007]-	MPDCCH to PUSCH 
[bookmark: _Toc79168008]-	RAR grant to PUSCH 
[bookmark: _Toc79168009]-	MPDCCH to scheduled uplink SPS 
[bookmark: _Toc79168010]-	PDSCH to HARQ-ACK on PUCCH 
[bookmark: _Toc79168011]-	CSI reference resource timing 
[bookmark: _Toc79168012]-	MPDCCH to aperiodic SRS 
[bookmark: _Toc79168013]-	Timing advance command activation
[bookmark: _Toc79168014]Introduce cell-specific K_offset to enhance the following timing relationships for NB-IoT NTN
[bookmark: _Toc79168015]-	NPDCCH to NPUSCH format 1 
[bookmark: _Toc79168016]-	RAR grant to NPUSCH format 1
[bookmark: _Toc79168017]-	NPDSCH to HARQ-ACK on NPUSCH format 2
[bookmark: _Toc79168018]-	Timing advance command activation
3	UL scheduling for FDD-HD
The main implication of HD-FDD operation is on network scheduling, which will need to respect the restriction that the HD UE cannot transmit and receive simultaneously.
To facilitate the network respecting the HD constraint, it was acknowledged during the study item that the UE-specific TA and/or K_offset can be used by the eNB in its scheduling to avoid UL-DL collisions in FDD-HD. 
Since these two solutions address the same issue, it is sufficient to specify one of them. Considering that the use of UE specific K_offset relies on the information from UE-specific TA, it is reasonable to specify UE specific TA rather than UE specific K_offset since the latter (UE specific K_offset) would anyway require the support of the former (UE specific TA).
[bookmark: _Toc79168019]On UL scheduling for FDD-HD, it is sufficient to use UE-specific TA to avoid UL-DL collisions in FDD-HD
4	UE-specific TA maintenance and reporting
UE specific TA is time varying, especially in LEO NTN. Reporting UE specific TA would cause much signaling overhead, which has impact on IoT UE power consumption and thus battery life.
If UE specific TA reporting were to be supported for IoT NTN, the reporting mechanism can follow the decision in NR_NTN_Solutions WI and reuse the agreements therein for IoT NTN with minimum changes if any.
[bookmark: _Toc79168020]Evaluate the impact of frequent UE TA reporting on IoT UE power consumption.
[bookmark: _Toc79168021]If UE specific TA reporting were to be supported for IoT NTN, the reporting mechanism can follow the decision in NR_NTN_Solutions WI and reuse the agreements therein for IoT NTN with minimum changes if any.
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce cell-specific K_offset to enhance the following timing relationships for eMTC NTN
-	MPDCCH to PUSCH
-	RAR grant to PUSCH
-	MPDCCH to scheduled uplink SPS
-	PDSCH to HARQ-ACK on PUCCH
-	CSI reference resource timing
-	MPDCCH to aperiodic SRS
-	Timing advance command activation
Proposal 2	Introduce cell-specific K_offset to enhance the following timing relationships for NB-IoT NTN
-	NPDCCH to NPUSCH format 1
-	RAR grant to NPUSCH format 1
-	NPDSCH to HARQ-ACK on NPUSCH format 2
-	Timing advance command activation
Proposal 3	On UL scheduling for FDD-HD, it is sufficient to use UE-specific TA to avoid UL-DL collisions in FDD-HD
Proposal 4	Evaluate the impact of frequent UE TA reporting on IoT UE power consumption.
Proposal 5	If UE specific TA reporting were to be supported for IoT NTN, the reporting mechanism can follow the decision in NR_NTN_Solutions WI and reuse the agreements therein for IoT NTN with minimum changes if any.
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