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[bookmark: DocumentFor]Introduction
[bookmark: _Hlk521259925]In RAN1#104b-e meeting, agreements were achieved on HARQ enhancements for NB-IoT/eMTC application over NTN [1]:
	Agreement:
Increasing the number of HARQ processes for NB-IoT and for eMTC in NTN is recommended not to be supported in Rel-17.


In this contribution, we will discussion on HARQ enhancements for IoT over NTN.
Discussion
Disabling HARQ feedback
In RAN1#104b-e meeting, Moderator suggested for further study on the impact of disabling HARQ feedback on throughput, latency and power consumption [2].
	Updated Proposal 2-1 
[bookmark: _Hlk71549943][bookmark: _Hlk71554286][bookmark: _Hlk71554405]For NB-IoT and eMTC in NTN, further study the impact of disabling HARQ feedback on throughput, latency and power consumption. 


In our view, disabling HARQ feedback is beneficial to throughput improvement and latency reduction.
Nevertheless, whether disabling HARQ feedback is beneficial to power consumption depends on whether reliability reduction is acceptable.
If reliability reduction for HARQ feedback disabling is acceptable, the benefit of power consumption may be achieved.
Otherwise, if reliable transmission is required, disabling HARQ feedback may increase the power consumption, e.g.,
· If HARQ feedback is disabled, higher repetition number may be configured, which may significantly increase the power consumption for DL data reception.
· If retransmission at RLC layer (i.e. RLC ARQ) is supported, 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 the above discussion, the impact of disabling HARQ feedback on power consumption, as well as whether reliability reduction is acceptable in IoT NTN, needs further study.
Observation 1: Disabling HARQ feedback is beneficial to throughput improvement and latency reduction.
Observation 2: If reliable transmission is required, disabling HARQ feedback may increase the power consumption.
· If HARQ feedback is disabled, higher repetition number may be configured, which may significantly increase the power consumption for DL data reception.
· If retransmission at RLC layer (i.e. RLC ARQ) is supported, 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.
Proposal 1: The impact of disabling HARQ feedback on power consumption, as well as whether reliability reduction is acceptable in IoT NTN, needs further study.

[bookmark: _Hlk71571273]Reduced PDCCH monitoring
In RAN1#104b-e meeting, Moderator suggested for further discussion on reduced PDCCH monitoring [2].
	Proposal 4-1a: 
Further discuss in RAN1#105-e 
· [bookmark: _Hlk71573959]Benefits and impact for an NTN UE configured with one HARQ process, when HARQ feedback is enabled the UE can be configured not to monitor PDCCH until the RTT time has elapsed from the end of the PUSCH. 


In our view, if DL HARQ process and UL HARQ process are separately scheduled, and if simultaneous transmission of two HARQ processes, wherein one for PDSCH and one for PUSCH, is allowed, the benefit of reduced PDCCH monitoring on UE power saving needs further clarification. In this case, in the interval between a transmission of PUSCH with one HARQ process and the corresponding UL grant (e.g., DCI Format N0 for NB-IoT), UE needs to continuously monitor UE specific search space for potential DL grant (DCI Format N1 in NB-IoT). Note that in either NB-IoT or eMTC, the UL grant and DL grant have the same DCI format size, with 1 bit to distinguish the DCI format (e.g., Flag for format N0/format N1 differentiation). Thus, only reduce the monitor occasions for UL grant will not reduce the UE power consumption, since UE still need to monitor DL grant which has the same scrambled RNTI and the same DCI format size as the UL grant.
Proposal 2: If DL HARQ process and UL HARQ process are separately scheduled, and if simultaneous transmission of two HARQ processes, wherein one for PDSCH and one for PUSCH, is allowed, the benefit of reduced PDCCH monitoring (i.e., the UE to be configured not to monitor PDCCH until the RTT time has elapsed from the end of the PUSCH) on UE power saving needs further clarification.

[bookmark: _Hlk71574153]Throughput enhancements
In RAN1#104b-e meeting, Moderator suggested for further discussion on throughput enhancements [2].
	Proposal 8-1
RAN1 discussed allowing enhanced PDCCH monitoring in current “waiting periods” between receiving NPDSCH and transmitting HARQ ACK in NB-IoT to enhance throughput for NB-IoT in NTN.


In our view, 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. Thus, the potential enhancement on PDCCH monitoring in current “waiting periods” between receiving NPDSCH and transmitting HARQ ACK in NB-IoT to enhance throughput for NB-IoT in NTN is non-essential.
Proposal 3: Enhancement on PDCCH monitoring in current “waiting periods” between receiving NPDSCH and transmitting HARQ ACK in NB-IoT to enhance throughput for NB-IoT in NTN is non-essential.
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 throughput improvement and latency reduction.
Observation 2: If reliable transmission is required, disabling HARQ feedback may increase the power consumption.
· If HARQ feedback is disabled, higher repetition number may be configured, which may significantly increase the power consumption for DL data reception.
· If retransmission at RLC layer (i.e. RLC ARQ) is supported, 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.
Proposal 1: The impact of disabling HARQ feedback on power consumption, as well as whether reliability reduction is acceptable in IoT NTN, needs further study.
Proposal 2: If DL HARQ process and UL HARQ process are separately scheduled, and if simultaneous transmission of two HARQ processes, wherein one for PDSCH and one for PUSCH, is allowed, the benefit of reduced PDCCH monitoring (i.e., the UE to be configured not to monitor PDCCH until the RTT time has elapsed from the end of the PUSCH) on UE power saving needs further clarification.
Proposal 3: Enhancement on PDCCH monitoring in current “waiting periods” between receiving NPDSCH and transmitting HARQ ACK in NB-IoT to enhance throughput for NB-IoT in NTN is non-essential.
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