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[bookmark: _Hlk521259925]In RAN1#104-e, agreements were achieved on HARQ enhancements for NB-IoT/eMTC application over NTN [1]:
	Agreement:
Study further the potential benefits and/or drawbacks of increasing the number of HARQ processes on throughput, latency, power consumption and complexity

Agreement:
· 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 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:
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:
Further study to identify whether HARQ stalling happens at least in the GEO satellite scenario.

Agreement:
· 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:
· 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 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 HARQ enhancements for IoT over NTN, in accordance with the latest proposal in RAN#91-e.
Discussion
Issue 2 (disabling HARQ feedback)
In RAN1#104-e, study on timing relationships was agreed [1]. 
	Agreement:
· 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:
· 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


Disabling HARQ feedback is beneficial to increase the data rate with the cost of reduced reliability. 
Retransmission at RLC layer (i.e. RLC ARQ) can be considered to meet reliability requirements. Nevertheless, retransmission at RLC layer may significantly increase power consumption at least for UL transmission. Note that UL data transmission consumes the most amount of energy for a UE. If HARQ feedback is disabled, higher repetition number may be configured, which may significantly increase the power consumption for UL data transmission. Furthermore, UE may need to awake for a longer time to wait for the potential retransmission scheduling signaling trigged by RLC layer, which may increase the power consumption for PDCCH monitoring.
Based on above discussion, disabling HARQ feedback is beneficial to increase the data rate with the cost of reduced reliability or increased power consumption.
Observation 1: Disabling HARQ feedback is beneficial to increase the data rate with the cost of reduced reliability or increased power consumption.

Note that HARQ and spectral efficiency were considered as non-essential functionalities in Rel-17 in RAN#91-e [2], then in order to expedite the progress of IoT NTN SI, the study of disabling HARQ feedback can be de-prioritized.
Proposal 1: The study of disabling HARQ feedback to be de-prioritized.

Other issues for HARQ enhancement
In RAN1#104-e, study on some HARQ related issues were agreed [1]. 
	Agreement:
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
· [bookmark: _Hlk68119113]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



[bookmark: _Hlk68120254]Multiple Transport Blocks scheduling
Multi-TB scheduling is Rel-16 cellular NB-IoT / eMTC feature. It is beneficial to increase the data rate. Hence it can be supported.
Proposal 2: Support multiple transport blocks scheduling.

Throughput enhancements
The motivation of throughput enhancement was clarified in RAN1#104-e as following [3].
	In an NTN, a UE may have to wait for a considerable period after receiving a DL transmission before it transmits the corresponding UL. This is especially true for “near UEs” if the “scheduling offsets” (K_offset) are cell-specific, and hence, cater to UEs with the worst round-trip time. 
[image: ]
Figure 1: Illustration of current UE behavior between receiving NPDSCH and transmitting HARQ ACK.
According to current specifications, in many such “waiting periods”, the UE is “not required to monitor NPDCCH” (see Fig. 1). An example shown in the figure is the time period between receiving an NPDSCH and transmitting the corresponding HARQ ACK.
The “orange period” in Fig. 1 are “wasted time periods” without any enhancements. These would lead to a diminished throughput w.r.t terrestrial networks.
In terrestrial networks, these “waiting periods” were designed to give the UE enough time to process the NPDSCH. In NTN, these periods can—without enhancements—be much larger than the time required by the UEs to process NPDSCH.

To mitigate this loss in throughput, we can enable PDCCH monitoring for at least a subset of the “waiting period” shown above (shown in Fig. 2).
[image: ]
Figure 2: Illustration of proposed UE behavior between receiving NPDSCH and transmitting HARQ ACK, to increase overall throughput.


Based on the above clarification, the mentioned “waiting periods” is about the differential TA between a given UE and the farthest UE in the beam edge. Compared with the RTD between a UE and a satellite, the differential TA within a beam seems trivial. Note that delay and spectral efficiency were considered as non-essential functionalities in Rel-17 in RAN#91-e [2], then in order to expedite the progress of IoT NTN SI, the study of throughput enhancements can be de-prioritized.
Proposal 3: The study of throughput enhancements to be de-prioritized.
Conclusions
In this contribution, we share our views on related issues on HARQ enhancements for IoT over NTN. The observations and proposals are summarised as follows:
Observation 1: Disabling HARQ feedback is beneficial to increase the data rate with the cost of reduced reliability or increased power consumption.
Proposal 1: The study of disabling HARQ feedback to be de-prioritized.
Proposal 2: Support multiple transport blocks scheduling.
Proposal 3: The study of throughput enhancements to be de-prioritized.
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