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The following agreements were made at RAN1#104e:

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


There is a desire to consider only essential functionality for the support of IoT-NTN up until RANP#93e. HARQ functionality enhances the performance of IoT-NTN, enabling some of the 5G mMTC KPIs to be achieved, but it is not necessarily essential functionality, for which the performance bar is lower.  
This document considers some HARQ enhancements that can be studied as the study item progresses. 

HARQ cycle occupancy
This section aims to provide estimates of the sustained data rates that can be supported over IoT-NTN and the proportion of the HARQ cycle that can be used for data transmission. 
Table 1 lists the assumptions used in estimating the data rates that can be supported over NTN for eMTC, assuming that HARQ is supported. TPUSCH is the duration of the PUSCH transmission in milliseconds and accounts for the number of repetitions required to transmit the PUSCH. The round trip times are taken from the agreed scenarios in TR36.763 [2]. Note that more accurate estimates for the time taken to transmit PUSCH can be determined once link level simulation assumptions for IoT-NTN are agreed in agenda item 8.15.1.

[bookmark: _Ref54291293]Table 1 – Assumptions for estimating eMTC sustained data rates when HARQ is applied
	
	
	eMTC

	Constellation
	RTT (ms)
	TBS
	TPUSCH

	GEO
	541.46
	504
	256ms

	LEO-600
	25.77
	504
	128ms

	LEO-1200
	41.77
	504
	1024ms



Figure 1 shows an example HARQ cycle for eMTC operation over GEO. 2 HARQ processes are assumed as the UE is operating in CE Mode B. The times to transmit the PUSCH are taken from Table 1. It is assumed that a negligible number of repetitions is required to transmit MPDCCH (the SNR available for MPDCCH is comparatively high). The assumptions on MPDCCH processing time and gNB processing and scheduling times are according to the usual assumptions for Rel-13 -> Rel-16 eMTC. Based on the HARQ cycle time illustrated in Figure 1 (806ms), the IoT-NTN link over GEO supports a data rate of 1250bps. 63% of the HARQ cycle time (512ms out of 806ms) is occupied by PUSCH transmissions for the GEO scenario with 2 HARQ processes.
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[bookmark: _Ref54291207]Figure 1 – Example HARQ cycle for eMTC HARQ operation over GEO


Observation 1: For GEO, 63% (512ms out of 806ms) of the HARQ cycle time is occupied by active PUSCH transmissions when 2 HARQ processes are active.
If more than 2 HARQ processes were supported in CE Mode B, the UE could be transmitting PUSCH during the round trip time, increasing the sustained data rate. However, changing CE Mode B to support more than 2 HARQ process would have significant specification impact.
Figure 2 shows an example HARQ cycle for eMTC operation over LEO-600. The figure shows that the round trip time occurs wholly within the transmission time of a PUSCH and hence the UE processing pipeline can be fully loaded in a LEO-600 constellation. A similar conclusion applies for LEO-1200.  
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[bookmark: _Ref61928327]Figure 2 - Example HARQ cycle for eMTC HARQ operation over LEO-600

Observation 2: For LEO constellations, the UE processing pipeline can be fully loaded with active PUSCH transmissions when 2 HARQ processes are active.

Power consumption during HARQ cycle
Figure 1 shows that for a GEO deployment there are portions of the HARQ cycle in which the UE cannot be scheduled with UL data since there are no available free HARQ processes in the UE. However, the UE needs to monitor MPDCCH during this time period just in case it is going to be scheduled (e.g. with an MPDCCH signaling a DL grant, even though this is unlikely). The requirement to monitor MPDCCH, even though the UE is unlikely to be scheduled, leads to unnecessary and wasteful UE power consumption.
This issue is illustrated in Figure 3. The figure shows the same GEO scenario as is shown in Figure 1, but this figure also shows a power consumption profile for the UE. The figure shows that, having transmitted 2 PUSCH in the UL, the UE cannot be scheduled with further PUSCH until a time equal to the RTT has elapsed since the end of the first PUSCH. However, the UE needs to monitor MPDCCH during this time just in case it is scheduled. While the UE could be scheduled with a DL grant during this time, such scheduling is unlikely as such a DL transmission would not be in response to the UL data that is being transmitted to the eNB in the earlier PUSCH (that PUSCH has not yet been received by the eNB). The yellow dashed portion of the power consumption profile in this figure is hence essentially wasted power as the UE might as well be in a sleep state until the end of the RTT, when the UE can be scheduled with a further UL grant.
It is hence proposed that, in order to reduce power consumption, when a UE is scheduled PUSCH in the UL, it does not need to monitor MPDCCH until the RTT time has elapsed from the end of the PUSCH. This is a form of reduced MPDCCH monitoring, leading to lower UE power consumption, since the UE is able to sleep.
Proposal 1: In order to reduce power consumption, when a UE is scheduled PUSCH in the UL, it does not need to monitor MPDCCH until the RTT time has elapsed from the end of the PUSCH.
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[bookmark: _Ref61904818]Figure 3 - Excess power consumption from monitoring MPDCCH when UE is unlikely to be scheduled

[bookmark: _Hlk47387515]Conclusions
This document has considered some HARQ enhancements for IoT-NTN. The document makes the following observations and proposals:
Observation 1: For GEO, 63% (512ms out of 806ms) of the HARQ cycle time is occupied by active PUSCH transmissions when 2 HARQ processes are active.
Observation 2: For LEO constellations, the UE processing pipeline can be fully loaded with active PUSCH transmissions when 2 HARQ processes are active.
Proposal 1: In order to reduce power consumption, when a UE is scheduled PUSCH in the UL, it does not need to monitor MPDCCH until the RTT time has elapsed from the end of the PUSCH.
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