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[bookmark: _Ref54129494]Introduction
This document considers the following issues related to HARQ enhancements for IoT-NTN:
· Reduced PDCCH monitoring 
· Serving cell change during long transmissions


Reduced PDCCH monitoring
In RAN1#104bis_e, the following proposals were made in the FL summary document [1].
 
Proposal 4-1a:  
Further discuss in RAN1#105-e  
· Benefits and impact Ffor an NTN UE configured with one HARQ process, when HARQ feedback is enabled the UE can be configured does not to monitor PDCCH until the RTT time has elapsed from the end of the PUSCH.  
 
 
Proposal 4-2:  
Further discuss in RAN1#105-e  
· Benefits and impact for the monitoring of a PDCCH which indicates ACK/NACK feedback after transmission of a PUSCH when the number of configured HARQ processes is 2 (for NB-IoT in NTN) or larger than 1 (for eMTC in NTN). 

When the UE is configured with a small number of HARQ processes, the HARQ processes may be stalled due to the long RTT: during the RTT, the eNB cannot send feedback signals to the UE. The UE should be able to sleep when the HARQ processes are stalled since there is no point in monitoring PDCCH if the eNB is unable to schedule the UE due to the stalled HARQ processes. 
The excess power consumption when the UE has to monitor PDCCH while the HARQ processes are stalled is described with reference to Figure 1. The figure shows transmissions for a typical GEO scenario operating in eMTC CE Mode B, and 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.
[image: ]
[bookmark: _Ref61904818]Figure 1 - Excess power consumption from monitoring MPDCCH when UE is unlikely to be scheduled

Given that, in RAN1#104bis_e, it was not possible to agree on the conditions under which an IoT-NTN UE can go to sleep when HARQ processes are stalled, it is proposed that the TR captures the benefits and drawbacks of reduced PDCCH monitoring when HARQ is stalled.
Proposal 1:
Capture in the TR the benefits and drawbacks of not monitoring PDCCH when HARQ is stalled:
· Benefit: The UE may save power by going to sleep
· Drawback: As for legacy DRX operation, the UE cannot be scheduled when sleeping

Serving cell change during long transmissions
In RAN1#104bis_e, the FL summary document [1] proposed to include the following text in the TR:

Proposal 6-1
RAN1 discussed the feasibility of combining repetitions over two cells/beams to guarantee performance when a UE changes cell or beam. Due to the large number of repetitions, an UL/DL transmission in IoT can be longer than the time interval needed by the UE for cell reselection or handover or beam switching. 

We generally agree with this proposal. An IoT-NTN transmission can be longer than the time for which the UE is served by a satellite beam / cell. This is particularly the case for LEO-600 cases, where the UE can be served by a satellite beam / cell for a time of the order of 6 seconds. Hence there needs to be a solution to address this problem.
In addition to combining repetitions over two cell beams, we think that the following approaches can also allow IoT-NTN to operate with long transmissions in LEO scenarios:
· deferring transmissions (such that the transmission does not start as a beam is going to go out of view)
· not flushing HARQ buffers at cell change (such that a retransmission can be performed in the next cell, rather than repeating transmissions between cells).

Hence, we make the following proposal for the TR:
Proposal 2: Capture the following in the TR:
RAN1 discussed the feasibility of the following schemes to guarantee performance when a UE changes cell or beam:
· combining repetitions over two cells/beams
· deferring transmissions (such that the transmission does not start as a beam is going to go out of view)
· not flushing HARQ buffers at cell change (such that a retransmission can be performed in the next cell, rather than repeating transmissions between cells)
Due to the large number of repetitions, an UL/DL transmission in IoT can be longer than the time interval needed by the UE for cell reselection or handover or beam switching. 

[bookmark: _Hlk47387515]Conclusions
This document has considered the following HARQ-related issues for IoT-NTN:
· Reduced PDCCH monitoring 
· Serving cell change during long transmissions

The following proposals are made:
Proposal 1:
Capture in the TR the benefits and drawbacks of not monitoring PDCCH when HARQ is stalled:
· Benefit: The UE may save power by going to sleep
· Drawback: As for legacy DRX operation, the UE cannot be scheduled when sleeping


Proposal 2: Capture the following in the TR:
RAN1 discussed the feasibility of the following schemes to guarantee performance when a UE changes cell or beam:
· combining repetitions over two cells/beams
· deferring transmissions (such that the transmission does not start as a beam is going to go out of view)
· not flushing HARQ buffers at cell change (such that a retransmission can be performed in the next cell, rather than repeating transmissions between cells)
Due to the large number of repetitions, an UL/DL transmission in IoT can be longer than the time interval needed by the UE for cell reselection or handover or beam switching. 
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