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Introduction
In RAN1#104-e and RAN#91-e, the following agreements and a proposal were made.
	Proposal in RP-210915 in RAN#91-e:
· 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, at least for the use case of intermittent delay-tolerant small packet transmission and other use cases not requiring significant enhancements 
· Prioritization of potential enhancements for the functionalities needed specifically for IoT over NTN that cannot be translated from the ongoing NR NTN WI for each of the considered scenarios in the study
· Recommendations on specification changes needed at least for essential functionality, for each of the considered scenarios in the study 
· Note: Additional major 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.

Agreement in RAN1#104-e
Study further the potential benefits and/or drawbacks of increasing the number of HARQ processes on throughput, latency, power consumption and complexity

Agreement in RAN1#104-e
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT.
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for eMTC.

Agreement in RAN1#104-e
In relation to HARQ operation in NTN IoT, further study at least 
· The necessity, potential benefits and drawbacks of any other potential HARQ feedback mechanisms
· The necessity, potential benefits and drawbacks of reduced PDCCH monitoring
· The necessity, potential benefits and drawbacks of coverage enhancements
· The necessity, potential benefits and drawbacks of uplink transmission gaps with multiple HARQ processes
· The necessity, potential benefits and drawbacks of maintaining HARQ process continuity in serving cell change 
· The necessity, potential benefits and drawbacks of multiple Transport Blocks scheduling
· The necessity, potential benefits and drawbacks of throughput enhancements
· FFS: Whether target throughput in NTN will be the same as target throughput in terrestrial networks

Agreement in RAN1#104-e
The motivation for introducing HARQ enhancements in NR NTN needs further consideration for HARQ enhancements in NTN IoT. Capture the following in the TR:
· For NTN IoT, potential HARQ enhancements need to consider the main characteristics of an IoT device, which are low complexity, low cost, low power consumption and low throughput, and key requirements of IoT services which are extended coverage, delay-tolerant and infrequent data transmissions, and support of massive communications.  
· The peak throughput of IoT UEs operating over NTN is not expected to be higher than the peak throughput of IoT UEs operating over TN.   

Agreement in RAN1#104-e
Further study to identify whether HARQ stalling happens at least in the GEO satellite scenario.

Agreement in RAN1#104-e
· Further discuss the potential benefits and/or drawbacks of increasing the number of HARQ processes in the UL for NB-IoT and eMTC, and for the analysis consider at least the following for the number of HARQ processes
· NB-IoT: 1,2,4
· eMTC: 2,4,8,14
· And discuss at least power consumption and peak data rate as performance metrics
· FFS: Whether to consider DL
· Other values for number of HARQ processes below the maximum value can be discussed

Agreement in RAN1#104-e
· Further discuss the potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT and eMTC, and consider at least the following number of HARQ processes for the analysis
· NB-IoT: 
· Total: 2, disabled: {1,2}
· eMTC:
· Total: 2, disabled: {1,2}
· Total: 8, disabled: {1,2,7,8}
· Other values for number of HARQ processes below the maximum value can be discussed
· FFS: whether to consider separately LEO and GEO scenarios
· FFS: whether to allow disabling of HARQ feedback in case of single HARQ process
· FFS: whether to allow disabling of all HARQ feedback
· FFS: other details for the evaluation/analysis



In this contribution, to support intermittent delay-tolerant small packet transmission, we will provide our views on
· essential functionality
· HARQ process continuity in serving cell change
Discussion
Essential functionality
As discussed in RAN#91-e, HARQ, latency and power consumption has been considered as non-essential functionality in Rel-17. HARQ enhancement has been pointed out as a non-essential functionality.
[bookmark: _Toc68014065]For NTN NB-IoT, HARQ enhancement has been considered by the working groups as candidates for non-essential functionality in Rel-17.
To align this proposal, we then propose to deprioritize the following study agreed in RAN1#104-e: 1) increasing the number of HARQ processes; 2) of disabling HARQ feedback; 3) any other potential HARQ feedback mechanisms; 4) reduced PDCCH monitoring; 5) coverage enhancements; 6) multiple Transport Blocks scheduling; 7) throughput enhancements; 8) HARQ stalling.
[bookmark: _Toc67935920][bookmark: _Toc67991770][bookmark: _Toc68014067]For NTN NB-IoT, deprioritize the following study agreed in RAN#104-e: 1) increasing the number of HARQ processes; 2) of disabling HARQ feedback; 3) any other potential HARQ feedback mechanisms; 4) reduced PDCCH monitoring; 5) coverage enhancements; 6) multiple Transport Blocks scheduling; 7) throughput enhancements; 8) HARQ stalling.
Moreover, the study of uplink transmission gaps with multiple HARQ processes shall move to 8.15.2, considering the intention for the uplink transmission gap is to maintain synchronization. if synchronization issues can be solved, then further enhancement on the timing relationship can be started in 8.15.3, if needed. 
[bookmark: _Toc68014068]For NTN NB-IoT, the study of uplink transmission gaps with multiple HARQ processes shall move to agenda item 8.15.2 enhancements to time and frequency synchronization.
However, it is unclear to us whether maintaining HARQ process continuity in serving cell change is essential. 

HARQ process continuity in serving cell change
As pointed out in R1-2101957, the UE may not complete the repetition within the dwell time in a cell. We quote below.
For each HARQ process, LTE NB-IoT transmission time will be decided as repetition time * number of RU * number of slots in RU. When considering largest repetition time, number of RUs, number of slots in RU defined in LTE, the maximum transmission time could be 0.5ms * 128 * 10 * 16 = 10240ms for 15kHz SCS, or 2ms * 128 * 10 * 16 = 40960ms for 3.75kHz SCS. This time interval could be larger than the time a UE needs to handover or perform a cell reselection with a high-speed satellite, and the UE cannot complete the repetition before changing the cell.
For earth-moving cells and LEO at 600km in the S-band, the maximum time a UE can remain in an NTN cell for the cell diameters of set 1, set 2, set 3, set 4, and 1000 km can be found in Table 1.
[bookmark: _Ref68010232]Table 1: Time to HO for cell diameters by neglecting UE speed
	Cell Diameter Size (km)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (set 1)
	7.56
	6.61

	90 (set 2)
	
	11.9

	234 (set 3)
	
	30.95

	1000 (max for NR)
	
	132.28

	1700 (set 4)
	
	224.87


Neglecting UE movement, a UE served by an NTN LEO cell of diameter 50 km and 1700 km may remain connected for a maximum of 6.61 seconds and 224.87 seconds respectively due to satellite movement.
As shown above, the largest repetition time of 10.24s for 15kHz SCS cannot be supported by set 1 (50km) and set 2 (90km), considering additional time for initial access. For 3.75kHz SCS, the largest repetition time of 40.96s cannot be supported by set 1 (50km), set 2 (90km), and set 3 (234km). 
[bookmark: _Toc68014066]For NTN NB-IoT, considering an earth-moving cell of diameter 50km (set 1) and 90km (set 2) for LEO at 600km, the largest repetition time of 10.24s for 15kHz SCS cannot be supported.
To our best understanding, to support complete NB-IoT features for NTN given a limited time might be unrealistic, e.g., PUR, EDT, NPUSCH format 2, or 3.75KHz SCS. However, at least some notes shall be taken in the TR.
[bookmark: _Toc68014069]For NTN NB-IoT, confirm that some repetition numbers cannot be supported by set 1 (50km) and set 2 (km) when earth-moving cells are deployed. Taking notes in the TR if needed.

Conclusion
In this contribution, we have the following observations
Observation 1	For NTN NB-IoT, HARQ enhancement has been considered by the working groups as candidates for non-essential functionality in Rel-17.
Observation 2	For NTN NB-IoT, considering an earth-moving cell of diameter 50km (set 1) and 90km (set 2) for LEO at 600km, the largest repetition time of 10.24s for 15kHz SCS cannot be supported.

Based on observations, the following proposals are made
Proposal 1	For NTN NB-IoT, deprioritize the following study agreed in RAN#104-e: 1) increasing the number of HARQ processes; 2) of disabling HARQ feedback; 3) any other potential HARQ feedback mechanisms; 4) reduced PDCCH monitoring; 5) coverage enhancements; 6) multiple Transport Blocks scheduling; 7) throughput enhancements; 8) HARQ stalling.
Proposal 2	For NTN NB-IoT, the study of uplink transmission gaps with multiple HARQ processes shall move to agenda item 8.15.2 enhancements to time and frequency synchronization.
Proposal 3	For NTN NB-IoT, confirm that some repetition numbers cannot be supported by set 1 (50km) and set 2 (km) when earth-moving cells are deployed. Taking notes in the TR if needed.
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