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1 Background
In the previous RAN1 meeting, RAN1#104-e, the following agreements were made under this agenda item:
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

We present our views on this agenda item in the following. 
We consider the proposals and observations marked in red boldface to be essential for Release 17; proposals and observations marked in orange boldface are ones recommend to be captured additionally (to the essential proposals) in the TR as guiding principles and observations for future work. Proposals without any color codes (i.e., not red or orange) contain useful optimizations.
2 HARQ ACK feedback disabled HARQ process(es)
As described in the previous section, there may be time periods which, according to current specifications, be un-utilized, leading to suboptimal system throughput. Note that, for HARQ processes with HARQ ACK feedback enabled, it isn’t possible to “pipeline” transmissions for a given process before the passage of one round-trip time (RTT)—a phenomenon referred to as “HARQ stalling”. For GEO-based NTNs, these RTTs can be very large. And for certain NB-IoT UEs, there is only one HARQ process that can currently be configured: for these UEs, without enhancements, there is no way utilize potential un-utilized time periods during communication. As a result, to mitigate the impact of such un-utilized time periods (e.g., on account of waiting periods, based on the current specs extrapolated to NTN), we propose to support at least a single feedback-less HARQ process, that can enable pipelined transmissions.
Proposal 1: RAN1 to support at least one feedback-disabled HARQ process for NB-IoT over NTN. 
3 Maintaining throughput
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. According to current specifications, in many such would-be “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.
[image: ]
Figure 1: Illustration of current UE behavior between receiving NPDSCH and transmitting HARQ ACK.
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).
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Figure 2: Illustration of proposed UE behavior between receiving NPDSCH and transmitting HARQ ACK, to increase overall throughput.
Proposal 2: RAN1 to consider enabling PDCCH monitoring in “waiting periods”—for example, between receiving NPDSCH and transmitting HARQ ACK in NB-IoT—to mitigate suboptimal throughput.
4 Conclusion
In this contribution we presented our initial views on enhancements for NB-IoT/eMTC over NTN for aspects related HARQ operation. We summarize our proposals below.
Proposal 1: RAN1 to support at least one feedback-disabled HARQ process for NB-IoT over NTN. 
Proposal 2: RAN1 to consider enabling PDCCH monitoring in “waiting periods”—for example, between receiving NPDSCH and transmitting HARQ ACK in NB-IoT—to mitigate suboptimal throughput.
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