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[bookmark: _Hlk521259925]In RAN1#104-e, agreements were achieved on timing relationship enhancements for NB-IoT/eMTC application over NTN [1]:
	Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· FFS: Other NB-IoT timing relationships

Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: Other eMTC timing relationships

Agreement: 
Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 

Agreement:
Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.

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 RAN#91-e, it was encouraged to expedite the progress of the ongoing study on NB-IoT/eMTC support for Non-Terrestrial Networks (NTN) (FS_LTE_NBIOT_eMTC_NTN) in 2021/Q2 in accordance with the Urgent Market Need for 3GPP NTN-IoT standard, with the following proposal [2].
	Proposal:
· The study on IoT over NTN should target the following by RAN#92
· Detailed study of solutions addressing essential functionality for GEO and NGSO scenarios, prioritizing at least the use case of intermittent delay-tolerant small packet transmissions 
· Prioritization of potential enhancements for the functionalities needed specifically for IoT over NTN that cannot be translated from the ongoing NR NTN WI for the considered scenarios and use case(s) in the study
· Recommendations on specification changes needed at least for essential functionality (to be determined by working groups targeting Rel-17), for the considered scenarios and use case(s)  
· Note: Additional enhancements on at least the following can be considered by the working groups as candidates for non-essential functionality in Rel-17.
· HARQ 
· Latency 
· Power consumption 
· Spectral efficiency 
· Coverage 
· Mobility 
· RLF and re-establishment handling 
· Time permitting, at least a high-level description of the potential solutions for enhancements targeting potential optimization of IoT NTN in later releases can be captured in TR 36.763, when feasible.


In this contribution, we will discussion on timing relationship enhancements for IoT over NTN, in accordance with the latest proposal in RAN#91-e.
Discussion
Timing relationships requiring enhancement
In RAN1#104-e, study on timing relationships was agreed [1]. 
	Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· FFS: Other NB-IoT timing relationships

Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: Other eMTC timing relationships


In RAN1#104-e, ZTE provided a good investigation on the existing timing relationships for the NB-IoT and eMTC [3].
As pointed out by Moderator [4], some parameters in NB-IoT and eMTC can be configured with a very large number of subframes. E.g., in some case, k0 in NB-IoT could be as high as 64ms, which may be larger than the RTD for LEO [4]. Thus, the approach of configuring with larger time offset to fit the long RTD in NTN can be considered.
Nevertheless, the above approach needs “eat into” scheduling flexibility. Note that latency was considered as a non-essential functionality in Rel-17 in RAN#91-e [2], then in order to expedite the progress of IoT NTN SI, it is preferred to introduce an additional timing offset () for the timing relationships aligned with NR NTN, to simply the design, i.e., 
· For NB-IoT, at least the following timing relationships shall be enhanced with an additional timing offset () as required: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· For eMTC, at least the following timing relationships shall be enhanced with an additional timing offset () as required:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS
· Timing advance command activation

Proposal 1: For NB-IoT, at least the following timing relationships shall be enhanced with an additional timing offset () as required: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH.
· Timing advance command activation

Proposal 2: For eMTC, at least the following timing relationships shall be enhanced with an additional timing offset () as required:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS
· Timing advance command activation

Koffset configuration
In RAN1#104-e, Moderator suggested for more study on Koffset configuration [4].
	FL Proposal 2.4: For each timing relationship for which enhancement is necessary and beneficial, study the following aspects of the potential enhancements:
· Cell-specific and/or beam-specific configuration for initial access
· Explicit or implicit configuration for initial access
· How to treat the enhancement in RRC-connected mode


Note that latency was considered as a non-essential functionality in Rel-17 in RAN#91-e [2], then in order to expedite the progress of IoT NTN SI, cell-specific Koffset configuration is preferred in initial access and in RRC-connected mode.
Proposal 3: Support cell specific Koffset configuration in initial access.
Proposal 4: Support cell specific Koffset configuration in RRC-connected mode.
Conclusions
In this contribution, we share our views on related issues on timing relationship enhancements for IoT over NTN. The observations and proposals are summarised as follows:
Proposal 1: For NB-IoT, at least the following timing relationships shall be enhanced with an additional timing offset () as required: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH.
· Timing advance command activation
Proposal 2: For eMTC, at least the following timing relationships shall be enhanced with an additional timing offset () as required:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS
· Timing advance command activation
Proposal 3: Support cell specific Koffset configuration in initial access.
Proposal 4: Support cell specific Koffset configuration in RRC-connected mode.
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