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1. [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk521259925]During RAN#94-e, a new work item is proposed to define further enhancements for NB-IoT NTN and eMTC NTN, which is revised in RAN#96 meeting [1]. The justification and objectives that the work item focuses on are as follows
	Justification
In Release 17, a work item is carried out to enable NB-IoT and eMTC to support Non-Terrestrial Networks (NTN) under the following assumptions:
· Transparent payload based GEO and NGSO network scenarios addressing at least 3GPP power class 3 UE with GNSS capability in both Earth fixed &/or moving cell configurations.

As part of release 18, a new work item is proposed to define further enhancements for NB-IoT NTN and eMTC NTN in order to:
· Improve mobility aspects
· Improve performance in terms of throughput
· Optimize the GNSS operation with sparse use of GNSS and power efficiency for long-term connection (compared to Rel-17)
· Further enhance support for discontinuous coverage.
NOTE:	It is expected a UE can move while under discontinuous coverage.
Objective
The work item aims to specify further enhancements for E-UTRA (LTE-RAN) based NTN (non-terrestrial networks) according to the following assumptions:
-	GEO and NGSO (LEO and MEO).
-	Earth fixed Tracking area. Earth fixed & Earth moving cells for NGSO
-	FDD mode
-	UEs with GNSS capabilities
The detailed objectives are to specify enhanced NB-IoT NTN and eMTC NTN radio interfaces and E-UTRAN/NG-RAN as follows:
The first objective is that IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.


During last RAN1 meeting, necessity and main issues of disabling HARQ feedback in IoT NTN have been discussed, some baseline work was achieved. 
In this contribution, we will discuss and share our views on disabling of HARQ feedback for IoT NTN, including the configuration of disabling HARQ feedback and other enhancements on disabling HARQ feedback.
2. Discussion
2.1 Disabling HARQ feedback
Disabling of HARQ feedback is beneficial to throughput improvement and latency reduction with the cost of reduced reliability. When disabling of HARQ feedback is configured for transmission, there is no need to wait for the HARQ feedback before the new data transmission, which obviously avoids HARQ stalling and consequently increases the data rate. In addition, disabling of HARQ feedback may especially bring more benefits to the GEO network scenarios (e.g. GEO with RTT about 500 ms) due to the transmission waiting time is reduced.
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 DL data reception. Note that the main requirements for IoT devices are low complexity and low power consumption, whether disabling of HARQ has benefits to save UE power consumption needs to be further studied. From our understanding, this may depend on whether reliability reduction is acceptable.
Considering that disabling of HARQ feedback may result in the issue on reduced reliability, re-transmission at RLC layer (i.e. RLC ARQ) can be considered to meet reliability requirements as IoT services are usually delay-tolerant. Nevertheless, re-transmission at RLC layer may significantly increase power consumption at least for UL transmission. UE may need to awake for a longer time to wait for the potential re-transmission scheduling signaling triggered 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 throughput improvement and latency reduction with the cost of reduced reliability or increased power consumption.
Proposal 1. The impact of disabling HARQ feedback on power consumption, as well as whether disabling HARQ feedback is acceptable to large repetition in IoT NTN, need further study.
Considering eMTC or NB-IoT UE expects that any PDSCH carrying a MAC CE command, whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK. In order to avoid the potential error case of misunderstanding of MAC CE signaling, it is better to mandate the scheduling with enabled HARQ process. Thus, it is preferred to support eMTC or NB-IoT MAC CEs that rely on HARQ feedback for activation is scheduled via a HARQ process with HARQ feedback enabled.
Proposal 2. UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.
2.2 Configuration of disabling HARQ feedback
Different high layer parameters can be configured for HARQ process with/without feedback. In RAN1 #102-e meeting, the following agreement on HARQ feedback transmission for NR NTN was achieved [2].
	Agreement
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling.


The mechanism on HARQ feedback disabling agreed for NR NTN can be reused, and disabling of HARQ feedback can be configured per HARQ process via UE specific RRC signaling signaling for IoT NTN. 
Proposal 3. Enabling/disabling on HARQ feedback can be configured per HARQ process via UE specific RRC signaling for IoT NTN.
2.3 (N)PDSCH/(N)PDCCH scheduling restriction
The PDSCH/PDCCH scheduling restriction in IoT NTN also needs to be studied by considering NB IoT and eMTC UE characteristics.
Discussion on PDSCH scheduling restriction in NR NTN are conducted up to RAN1#108-e meeting, and several agreements for NTN were achieved as follows [3].
	RAN1#104-e Agreement
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until X after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· Working assumption: X = T_proc,1
· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0
· Note: The TB of the two PDSCHs can be either same or different
RAN1#105-e Agreement
Confirm the previous working assumption for  X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process.


From our perspective, the restriction of PDSCH agreed in Rel-17 NR NTN can be considered as baseline, and the X value in the process needs to be modified separately according to the NB IoT and eMTC UE capability in IoT NTN. And it is reasonable to use the legacy processing periods specified for NB IoT and eMTC UEs. Thus, the X value of 12 ms is recommended for NB-IoT NTN, and the processing periods for eMTC UE in NTN can be further studied. 
Proposal 4. For a DL HARQ process with disabled HARQ feedback in NB IoT, UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until 12 ms after the end of the reception of the last NPDSCH for that HARQ process. 
2.4 SPS PDSCH
The configuration of HARQ feedback enabling/disabling for SPS PDSCH also needs to be discussed for IoT NTN. This issue also has been discussed in Rel-17 NR NTN, and the agreed configuration of SPS PDSCH in Rel-17 NR NTN are shown as following.
	RAN1#107-e Agreement
HARQ feedback for SPS activation may be additionally enabled by the network by RRC configuration.
· If enabled, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of whether HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation
· Otherwise, UE follows configuration of HARQ feedback enabled/disabled corresponding to the first SPS PDSCH after activation, 
· FFS between Alt1 and Alt2
· [Alt-1: UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process
· Alt-2: UE follows the feedback-enabled/disabled configuration of the SPS PDSCH]
RAN1#108-e Agreement
For HARQ feedback of each SPS PDSCH, UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process, except for the first SPS PDSCH after activation if HARQ feedback for SPS activation is additionally enabled.


Considering the configuration of SPS PDSCH transmission in IoT NTN, it is preferred to reuse the agreed configuration of SPS PDSCH in Rel-17 NR NTN. That is the per HARQ process configuration can be used.
Proposal 5. For HARQ feedback of each SPS PDSCH in IoT NTN, UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process, except for the first SPS PDSCH after activation if HARQ feedback for SPS activation is additionally enabled.
2.5 HARQ feedback enhancements
It is obvious that disabling HARQ feedback will increase the residual block error rate because HARQ feedback based re-transmissions are not allowed anymore. In order to guarantee the data transmission reliability when HARQ disabled, some enhancement mechanisms should be considered.
[bookmark: _GoBack]Furthermore, we prefer to support different configuration on aggregation factor for HARQ process with/without feedback. Nevertheless, other parameters need more clarification. For example, 
· For block error rate target, it only depends on network implementation with no specification impact.
· For MCS table, one MCS table may be sufficient, since network can schedule proper MCS value via DCI for HARQ process with/without feedback.
Proposal 6. Support different configuration on aggregation factor for HARQ process with/without feedback.
3. Conclusions
In this contribution, we share our views on the issues of disabling of HARQ feedback for IoT NTN. The observations and proposals are summarized as follows:
Observation 1: Disabling HARQ feedback is beneficial to throughput improvement and latency reduction with the cost of reduced reliability or increased power consumption.
Proposal 1. The impact of disabling HARQ feedback on power consumption, as well as whether disabling HARQ feedback is acceptable to large repetition in IoT NTN, need further study.
Proposal 2. UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.
Proposal 3. Enabling/disabling on HARQ feedback can be configured per HARQ process via UE specific RRC signaling for IoT NTN.
Proposal 4. For a DL HARQ process with disabled HARQ feedback in NB IoT, UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until 12 ms after the end of the reception of the last NPDSCH for that HARQ process. 
Proposal 5. For HARQ feedback of each SPS PDSCH in IoT NTN, UE follows the per-process configuration of HARQ feedback enabled/disabled for the associated HARQ process, except for the first SPS PDSCH after activation if HARQ feedback for SPS activation is additionally enabled.
Proposal 6. Support different configuration on aggregation factor for HARQ process with/without feedback.
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