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1	Introduction
RAN2-119 meeting agreed to support HARQ feedback enabling/disabling for DL and two HARQ modes for UL in both NB-IoT and eMTC. However, it is not clear on the signalling to support above HARQ enhancements.
	Agreements:
1. Disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN. FFS on UE capability
2. For UL HARQ operation, introduce two HARQ modes, i.e., HARQ mode A and HARQ mode B in IoT NTN (both NB-IoT and eMTC NTN), similarly to NR NTN
3. From RAN2 perspective, at least for eMTC, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signalling. FFS for NB-IoT (and especially for CP solution for NB-IOT).



In this contribution, we would like to provide our view on the signalling for HARQ enhancement, and the DRX and LCP impact in IoT NTN.
2	Discussion
2.1	Signalling for DL HARQ feedback disabling and UL HARQ mode A/B
In NR NTN, disabling/enabling HARQ feedback for downlink transmission and configuration of UL HARQ mode A/B are semi-static configured by RRC signalling. The configuration is indicated per HARQ process index by a bitmap manner, e.g., 32bit bitmap if the configured HARQ process number is 32. The granularity of HARQ feedback disabling/enabling and UL HARQ mode are defined per HARQ process. Due to multiple HARQ processes can be supported for eMTC (e.g., maximum 14 HARQ processes), we understand the R17 NR solution can be re-used for eMTC for simplicity. In RAN2-119 meeting, it was agreed enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signalling. The same principle can be applied for UL HARQ modeA/B configuration.
Proposal 1: For eMTC, DL HARQ feedback enabling/disabling and UL HARQ ModeA/B should be configured per HARQ process via UE specific signalling, similarly to NR NTN. 
For NB-IoT DL transmission, RAN1 is discussing the HARQ feedback enabling/disabling for DL transmission with below agreement:
	Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above



Within above options, option 1 is the NR solution of RRC configuration of HARQ feedback per HARQ process for DL transmission. While for the other options, RAN1 may support dynamic HARQ feedback signalling (e.g., per grant feedback enable/disable based on explicit or implicit indicators in DCI) which will be discussed in the following RAN1 meetings. From RAN2’s point of view, we think RAN2 can wait for RAN1’s progress and then decide the signalling for HARQ feedback disabling, especially on single HARQ process case. Furthermore, if the dynamic HARQ feedback signalling is supported, we assume there is no need to have RRC configured HARQ feedback enabling/disabling since the DCI-based solution can override the RRC configuration in each grant.
Proposal 2: For NB-IoT DL operation, RAN2 to wait for RAN1’s progress to decide the signalling for HARQ feedback enabling/disabling. 
As discussed in NR NTN, it is NW decision on HARQ ModeA or ModeB should be used in UL grant (i.e. the grant is based on PUSCH decoding result or not) and UE only follows the DCI for UL transmission. However, the UE behaviour on DRX and LCP are different for different HARQ modes. Since different DRX and LCP behaviour for ModeA/B should be executed in UE, NW need to indicate the HARQ mode to UE.
For NB-IoT UL transmission, NW may configure HARQ ModeA for UL RRC and MAC CE (e.g. TAR) transmission for high reliability while configure HARQ ModeB for data transmission to avoid HARQ stalling which may waste UE’s power consumption.  In the case only single HARQ process number is supported, if the HARQ mode is (re)configured by RRC, the signalling overhead is too heavy and with large latency. Hence, we think NW should dynamically indicate the ModeA/B in DCI to UE. However, the details DCI indicators should be defined by RAN1.
Proposal 3: For NB-IoT UL operation, dynamic HARQ Mode indication should be supported in DCI.

2.2	DRX impacts for NB-IoT NTN with single HARQ process 
DRX is one important function defined in MAC layer on PDCCH monitoring. DRX operation controls UE’s PDCCH monitoring in a way that the UE saves power consumption while being provided sufficient scheduling opportunities. In NR NTN, there are massive discussion on DRX considering the long RTT and HARQ feedback disabling for DL transmission with the following agreements:
	· For HARQ processes with DL HARQ feedback enabled, the drx-HARQ-RTT-TimerDL length is increased by an offset equal to UE-gNB RTT 
· For HARQ processes with DL HARQ feedback disabled, drx-HARQ-RTT-TimerDL is not started.


 
Specifically, for HARQ processes with DL HARQ feedback disabled, drx-HARQ-RTT-TimerDL is not started. This is because no retransmission will be scheduled based on HARQ feedback, UE should not wait RTT timer to receive PDCCH for retransmission. This also means for HARQ process(es) configured with disabled HARQ feedback, blind retransmission relies on UE being in DRX Active Time via other means (i.e., DRX retransmission timer will not be started).
For IoT over NTN, the power consumption is critical and the efficient DRX solution is important on the power reduction.  NR NTN solution on DRX can be used as baseline for UE DRX behaviour for IoT NTN and more studies are also needed considering the specific features for IoT NTN.
Proposal 4: Rel-17 NR-NTN DRX solution should be considered as baseline for IoT NTN. 
The DRX operation in NB-IoT is different from the one in NR considering the service characteristics, e.g.:
· Short DRX cycle is cancelled considering the NB-IoT service is typically for small data. 
· For single HARQ process case, new transmission grant will not trigger the start of drx-InactivityTimer while the timer will be started if a HARQ RTT timer expires, and the timer is stopped when receiving the UL/DL assignment. In this way, short drx-InactivityTimer can be supported to reduce the power consumption. The detailed DRX behavior can be found in specification as below [36.321]
	if a HARQ RTT Timer expires in this subframe:
-	if the data of the corresponding HARQ process was not successfully decoded:
-	start the drx-RetransmissionTimer or drx-RetransmissionTimerShortTTI for the corresponding HARQ process;
-	if NB-IoT:
-	if lower layers had indicated multiple TBs were scheduled for the associated expired HARQ RTT Timer:
-	start or restart drx-InactivityTimer when all HARQ RTT Timers have expired;
-	else:
-	start or restart the drx-InactivityTimer.
……
if the PDCCH indicates a new transmission (DL, UL or SL):
-	except for an NB-IoT UE configured with a single DL and UL HARQ process and when PDCCH indicates the transmission is not for multiple TBs:
-	start or restart drx-InactivityTimer.


 
If we follow the NR NTN solution, the HARQ RTT Timer is not started upon the last PDSCH transmission in IoT NTN. This implies both the drx-inactivityTimer and the retransmission timer (when the transmission is not successful) will not be started for IoT NTN with single HARQ process. It forces the NW only schedule blind retransmissions and new data transmission relying on on-duration timer.  Generally, the on-duration timer will be started periodically which means it is not always close to initial DL transmission in time domain. In this case, UE has to stay on RRC Connected state and wait for next on duration timer for blind retransmission and following new data transmission. Obviously, it will reduce the schedule opportunities and restrict the NW scheduling flexibility. In the end, the UE’s power consumption will be wasted since it has to stay in RRC Connected mode for quite long time for data transmission. 
Observation 1: For NB-IoT with single HARQ process, if the HARQ feedback is disabled, the scheduling opportunities for (re)transmission is limited due to HARQ RTT timer and following timers are not started. 
Therefore, the impact of HARQ feedback disabling on DRX for single HARQ process case should be studied. One way is to set HARQ RTT Timer=0 when HARQ feedback is disabled, then the drx-inactivityTimer and drx-RetransmissionTimer will be started when HARQ RTT timer expires. Hence NW can schedule blind retransmissions and new data transmission relying on both the inactivity timer and retransmission timer as well as on-duration timer. Another way is to start the drx-inactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception when HARQ feedback is disabled. In this way, NW can schedule the UE for blind retransmissions or following new transmission when the timer is running. 
Proposal 5:  RAN2 to study the DRX impact for NB-IoT NTN with single HARQ process when the HARQ feedback is disabled.
Proposal 6: RAN2 to select one of the options to support DRX in NB-IoT NTN with single HARQ process when the HARQ feedback is disabled:
· Option1:set HARQ RTT Timer=0.
· Option2:start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception.
Similarly, the DRX behaviour on UL with HARQ mode A/B can follow what agreed for DL.

2.3	Consideration on LCP restriction 
It is UE who multiplex the packets from different services (logical channels) into one MAC PDU based on LCP (Logical Channel Prioritization) procedure. In NR NTN, different services may exist in one NTN UE with different bearer/logical channel and different QoS requirement. For example, SRB/MAC CE needs high reliability, while some service needs high throughput/low latency. To fulfil the different QoS requirement, HARQ mode related LCP restriction was agreed as one optional feature in R17-NR NTN.  If this feature is configured to be supported, the network can configure the HARQ mode (e.g, HARQ mode A or HARQ mode B) to the UL HARQ process, additionally the network could configure the preferred HARQ mode to a logical channel. In this way, the LCH is mapped only to a HARQ process configured with the same HARQ mode, thus the QoS can be satisfied. 
For eMTC, diverse services including voice can be supported in legacy TN network. Different LCH may require different QoS requirements according to the latency and reliability. For eMTC over NTN, it is reasonable to reuse the NR NTN LCP mechanism to restrict the data from LCH mapping to the allowed HARQ.
Proposal 7:  NR NTN solution regarding LCP restriction on allowed HARQ mode can be reused for eMTC over NTN.
However, for NB-IoT, all logical channels belong to one LCG and Long BSR is not supported. The total amount of data available across all logical channels should be considered in one buffer size computation and be reported to the network. Hence, the network can’t know the buffer status of each logical channel which may need different QoS requirement (e.g., SRB and DRB may have different QoS requirement). So, it is difficult for NW to schedule the grant with different HARQ mode for the different logical channels. In addition, if HARQ mode-based LCP is supported in IoT NTN and SRB is configured with HARQ mode A, SRB should be mapped only to a HARQ process configured with the same HARQ mode. If the eNB doesn’t schedule the UL grant with HARQ mode A, SRB can only wait for the allowed grant which will cause high transmission latency due to at most two HARQ processes are supported for NB-IoT. So, it seems not reasonable to introduce the HARQ mode related LCP restriction in IoT NTN.
Proposal 8: No need to introduce LCP restriction on allowed HARQ mode for  NB-IoT over NTN.
3	Conclusion
This document has made the following observations:
Observation 1: For NB-IoT with single HARQ process, if the HARQ feedback is disabled, the scheduling opportunities for (re)transmission is limited due to HARQ RTT timer and following timers are not started. 
And proposed the following:
Proposal 1: For eMTC, DL HARQ feedback enabling/disabling and UL HARQ ModeA/B should be configured per HARQ process via UE specific signalling, similarly to NR NTN. 
Proposal 2: For NB-IoT DL operation, RAN2 to wait for RAN1’s progress to decide the signalling for HARQ feedback enabling/disabling. 
Proposal 3: For NB-IoT UL operation, dynamic HARQ Mode indication should be supported in DCI.
Proposal 4: Rel-17 NR-NTN DRX solution should be considered as baseline for IoT NTN. 
Proposal 5:  RAN2 to study the DRX impact for NB-IoT NTN with single HARQ process when the HARQ feedback is disabled.
Proposal 6: RAN2 to select one of the options to support DRX in NB-IoT NTN with single HARQ process when the HARQ feedback is disabled:
· Option1:set HARQ RTT Timer=0.
· Option2:start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception.
Proposal 7:  NR NTN solution regarding LCP restriction on allowed HARQ mode can be reused for eMTC over NTN.
Proposal 8: No need to introduce LCP restriction on allowed HARQ mode for  NB-IoT over NTN.




