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Introduction
Rel-18 enhancements for IoT-NTN Work Item was approved at RAN Plenary #96e [1]. The corresponding work item has identified IoT-NTN Performance Enhancements to address remaining issues from Rel-17 as one key agenda. The work item objective (WID) has mentioned “Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates” [1]. Previous agreements in Rel-17 NR-NTN Work Item has agreed semi-statically disabling/enabling of downlink HARQ using RRC Signalling. 

During RAN2#119, the following agreements have been made:

Agreements:
1. Disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN. FFS on UE capability
1. 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
1. 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 RAN2#119bis-e, RAN2 had the following agreements:
Agreements:
1. For NB-IoT, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signaling (e.g. RRCConnectionSetup). This does not preclude other options (e.g. DCI-based). We can also revert this decision if requested by RAN1.
1. Disabling HARQ feedback is supported for NB-IoT with single HARQ process, and it is up to eNB implementation whether to disable the HARQ feedback
1. HARQ mode A/B for uplink transmission may be configured per UL HARQ process at least via UE specific RRC signalling for eMTC and NB-IOT NTN. We can also revert this decision if requested by RAN1
1. RAN2 agree to take R17 NR NTN DRX solution as baseline for IoT NTN, e.g. for HARQ process with DL HARQ feedback disabled, the UE will not start the corresponding DL HARQ RTT timer.
1. For NB-IoT NTN with single HARQ process when the HARQ feedback is disabled, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception (can still check whether the alternative to set the HARQ RTT timer to 0 also works)
1. RAN2 agree to take R17 NR NTN DRX solution as baseline for IoT NTN, e.g. for HARQ process in HARQ mode B, the UE will not start the corresponding UL HARQ RTT timer.
1. For NB-IoT NTN with single HARQ process in HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission (can still check whether other alternatives also work)
1. The solutions of LCP restriction on allowed HARQ mode in NR NTN can be reused for eMTC NTN.

Working Assumption: 
1. Blind retransmission can be used in IoT NTN when HARQ feedback is disabled and when HARQ mode B is used (RAN2 assumes there is no spec change for this)  


In RAN2#120, RAN2 had the following agreements:
Agreements:
1.	For NB-IoT NTN with single HARQ process when the HARQ feedback is disabled, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes.
2.	RAN2 understands that something needs to be added to consider the processing time also for inactivity timer of HARQ mode B. Continue the discussion on the details in the next meeting
3.	For eMTC, the following LCH to HARQ process mapping rules are supported: 
	1) LCH is mapped only to a HARQ process configured with HARQ mode A;
	2) LCH is mapped only to a HARQ process configured with HARQ mode B;
	3) If an LCH is not configured with a mapping rule, it may be mapped to any HARQ process (HARQ mode A or B).
	4) If UL HARQ mode is not configured, LCH mapping rules are not supported (legacy behaviour)
4.	For eMTC, introduce allowedHARQ-mode for each logical channel, e.g. included in LogicalChannelConfig IE. 1.	An optional UE capability is introduced to indicate whether the UE supports disabling HARQ feedback for downlink transmission.
5.	An optional UE capability is introduced to indicate whether the UE supports HARQ Mode B and, for eMTC, the corresponding LCP restrictions for uplink transmission


In RAN2#121, RAN2 had the following agreements:
Agreements:
1. For UE to report GNSS position fix time duration for measurement during the initial access, at least the following Msg5 message can be used: 
	RRCConnectionSetupComplete, RRCConnectionSetupComplete-NB,  
	RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB,
	FFS for RRCreestablishmentComplete and RRCConnectionReconfigurationComplete.
	FS for Msg3
2. FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement
3. The value range {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity} introduced in R17 is reused for connected UE GNSS validation duration report, unless modified by RAN1.
4. UE reports GNSS validity duration after GNSS measurement. FFS whether the UE reports every time or only if the validity duration changes. FFS if the duration is the remaining validity duration or the whole duration

In RAN2#121-bis-e, RAN2 had the following agreements:
Agreements:
1.	RAN2#121’s agreement is revised to “For NB-IoT NTN with single HARQ process when the HARQ feedback is disabled, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH” (Can further check in the NB-IoT session if anything needs to be done for legacy NB-IoT as well, as some timers don’t take deltaPDCCH into account)
2.	Wait for RAN1’s decision on the RRC signalling of enabling DCI-based solution to indicate HARQ feedback enabled/disabled, and the signalling granularity, e.g. per UE or per HARQ process
3.	On DCI indication overriding RRC configuration for the HARQ feedback enabled/disabled, wait for RAN1’s progress on DCI-based solution before discussing related DRX impact in RAN2.
4.	On DL multiple TB scheduling, wait for RAN1’s progress before discussing related DRX impact in RAN2.
5.	P4 in R2-2302557 is not agreed, i.e. no special handling for single HARQ process for eMTC.
6.	For eMTC NTN, a parameter harq-FeedbackEnablingforSPSactive could be configured for a UE. If harq-FeedbackEnablingforSPSactive is configured to enable HARQ feedback, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of if HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation.
7.	For a NB-IoT UE configured with a single HARQ process in HARQ mode B, send LS to RAN1 and ask for the “processing time for starting drx-InactivityTimer (i.e. start to monitor NPDCCH)”. (can further check the detailed wording of the question)
8.	Network implementation resolves the issue of ambiguity on start of DRX inactivity timer after the PUSCH transmission by not scheduling the NPDCCH back-to-back during the ambiguity period (i.e., Koffset – UE’s TA)
9.	Send LS to RAN1 to check for UL multiple TB scheduling, which UL HARQ mode combination(s) are to be supported.
10.	In the LS to RAN1, we don’t include a question on whether RAN1 intends to introduce the DCI-based solution for the UL HARQ mode
[bookmark: _Hlk134283000]11.	UL transmission using SPS can be configured with HARQ mode B
12.	P1 in R2-2303713 is not agreed, i.e. do not enhance the LCP restriction based on uplinkHARQ-Mode for different RLC PDU types
13.	Send LS to RAN1 informing RAN2’s agreements and also including potential questions to be checked with RAN1
14.	Add one more question in the LS to check with RAN1 which of the below understandings is correct for the RAN1 agreement.
	Understanding 1: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for the same HARQ process in a period of Y=12(ms) from the end of reception of the NPDSCH.
	Understanding 2: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.
15.	RAN2 further discuss whether UL transmission using PUR can be configured with HARQ mode B.


In this contribution we continue to discuss the FFS aspects related to HARQ enhancements ,enhancement on logicalChannelSR-prohibit timer and enhancement on RLC.
2 Discussion
Inactiviety timer for disabling HARQ feedback
RAN2 has made the following agreement in RAN2#121bis:
RAN2#121’s agreement is revised to “For NB-IoT NTN with single HARQ process when the HARQ feedback is disabled, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH” (Can further check in the NB-IoT session if anything needs to be done for legacy NB-IoT as well, as some timers don’t take deltaPDCCH into account)

The RAN2 agreement specified the condition of starting/restarting drx-inactivity timer is NB-IoT NTN with single HARQ process. Per my understanding, it indicates the case that only one DL HARQ process is configured.
RAN1 also has made a similar agreement:
	Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH.



Per my understanding, RAN1 thinks no NPDCCH monitoring restriction applies to each DL HARQ process which including the two DL HARQ processes case. The drx-inactivity timer is also for NPDCCH monitoring, hence it should also apply to two DL HARQ processes case.
Observation 1: The drx-inactivity timer also applies to two DL HARQ processes case.
Proposal 1: For NB-IoT NTN, when the HARQ feedback is disabled for the transmission, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH.
Other
In RAN2#119bis-e, RAN2 had the following working assumption:
1. Blind retransmission can be used in IoT NTN when HARQ feedback is disabled and when HARQ mode B is used (RAN2 assumes there is no spec change for this)  

The working assumption is ambiguous, it may say:
OP1: if (HARQ feedback is disabled) and (HARQ mode B is used), blind retransmission can be used, or 
OP2: if (HARQ feedback is disabled) or (HARQ mode B is used), blind retransmission can be used,
We think OP2 is the correct understanding, thus we suggest RAN2 to revise the working assumption to avoid ambiguity.
Proposal 2: Revise the agreement to: Blind retransmission can be used in IoT NTN when HARQ feedback is disabled or when HARQ mode B is used.
In the last RAN2 meeting, companies have consensus on SPS configured with HARQ mode B.
UL transmission using SPS can be configured with HARQ mode B  

For NB-IoT, according to 36.321, a configured uplink grant shall be used only for BSR or SPS confirmation transmission. For configured uplink grants for BSR, the HARQ Process ID is set to 0.
If the HARQ mode B is configured for the SPS, network can schedule a retransmission right after NPUSH before receiving the UL data. By this way, network can ensure a reliable transmission of BSR and SPS confirmation.
For NB-IoT, according to 36.321, for configured uplink grants for BSR, the HARQ Process ID is set to 0. 
When the HARQ process 0 has been configured with HARQ mode B, and SPS has been configured, it can be considered as the SPS has been configured with HARQ mode B. 
Proposal 3: For NB-IoT, if HARQ process 0 has been configured with HARQ mode B, and SPS has been configured, it can be considered as the SPS has been configured with HARQ mode B.
For eMTC, the UL SPS can be used to transfer user data. Like NB-IoT, if HARQ mode B is configured for the UL SPS, network can schedule a retransmission right after the PUSCH before receiving the UL data. Besides, network can also schedule a new transmission right after the PUSCH before receiving the UL data. By this way, network can ensure a reliable transmission of UL SPS data, or network can improve the UL data rate.
For eMTC, according to 36.321, the HARQ process ID varies in time. If HARQ mode B configuration for SPS follows the HARQ processes, and if not all the HARQ processes is configured with HARQ mode B, then HARQ mode of SPS varies in time. To keep the HARQ mode of SPS consistent, a sperate configuration of HARQ mode for SPS can be introduced.
Proposal 4: For eMTC, a new separate configuration of HARQ mode is used to control the HARQ mode of the UL SPS.
After the UL transmission using PUR, a retransmission can be scheduled by PDCCH with DCI N0.
If HARQ mode B has been configured for PUR, network can schedule a re-transmission right after the UL transmission using PUR before receiving the UL data.  So, a more reliable PUR transmission can be ensured. To more specific, if the HARQ mode B has been configured for PUR, UE can skip the UE-eNB RTT added in the Rel-17 for NTN to start the pur-ResponseWindowTimer.  And the 3 subframes delay after PUSCH transmission can also be reduced to 1ms for TX-RX transition. 
A new RRC configuration can be used to configure the HARQ mode for PUR.
Proposal 5: UL transmission using PUR can be configured with HARQ mode B.
Proposal 6: When the PUR has been configured with HARQ mode B, UE starts the pur-ResponseWindowTimer after PUSCH transmission plus 1 subframe.
Proposal 7: A new RRC configuration can be used to configure the HARQ mode for PUR.
Enhancement on LogicalChannelSR-prohibit timer
The logical channel SR prohibit timer is defined is TS 36.321. It is started or restarted when regular BSR is triggered due to data becoming available for transmission for a logical channel for which logicalChannelSR-Prohibit is configured by upper layer. After the timer expiry and an uplink grant is not configured, a SR shall be triggered. This timer is basically a time waiting for possible uplink grant from the network before triggering scheduling request. 
The candidate values for logicalChannelSR-prohibit timer in eMTC are sf20, sf40, sf64, sf128, sf512, sf1024, sf2560, where sf indicates sub-frames. The candidate values for logicalChannelSR-prohibit timer in NB-IoT is pp2, pp8, pp32, pp128, pp512, pp1024, pp2048, where the PP indicates PDCCH Period.
Some network may send UL grant to UE right after the DL transmission. See Figure 1. In this case, the RTT will not affect the logicalChannelSR-Prohibit timer. But another network may wait for the HARQ ACK of the DL transmission before sending the UL grant. See Figure 2. That’s where the RTT affects the logicalChannelSR-Prohibit timer. In terrestrial network, the current design of logicalChannelSR-Prohibit timer is based on negligible propagation delay. In non-terrestrial network, due to the RTT is prolonged by the substantial propagation delay, when the RTT affects the timer, the current design of logicalChannelSR-Prohibit timer is not suitable anymore. 
[image: ]
Figure 1 Case where logicalCHannelSR-Prohibit timer does not need to be extended
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Figure 2 Case where logicalCHannelSR-Prohibit timer needs to be extended
For instance, for GEO case, the max RTT is 541.46ms. The closest value of logicalChannelSR-Prohibit timer in eMTC is sf512(512ms), but this value is not applicable because it is shorter than the max RTT. The next available value is sf0124(1024ms); i.e. the UE has to wait for another 483ms for the UL grant before triggering Scheduling Request, which increases the unnecessary transmission delay. Network cannot configure a small value even if it wants. In NB-IoT, the unit of candidate value of logicalChannelSR-Prohibit timer is PDCCH Period (PP). The typical PDCCH Period is 16ms, 32ms, 64ms, 128ms. See the following table, the rest part of the candidate values of timer after covering the RTT are scattered and some values are too long, making the granularity of the candidate values very coarse. 
Table 1  the rest part of the candidate values of timer after covering the RTT
	PDCCH period(ms)
	16ms
	32ms
	64ms
	128ms

	Candidate Values of logicalChannelSR-ProhibitTimer(ms)
	32,128,512,2048,etc..
	64,256,1024,4096,etc
	128,512,2048,8192,etc..
	256,1024,4096,etc..

	The rest of candidate values (in PP) after minutes RTT
	94
	15, 111
	23, 119
	4, 27



Although the current candidate values can cover the long RTT between UE and eNB, the granularity of the candidate values is not intact anymore. Hence, the UE may need to wait for a prolong period for the UL grant before triggering the next SR. To solve the problem, extending the timer with RTT is an acceptable way.
The network can optionally configure UE to extend the timer by RRC signaling, when the network wants to wait for the HARQ ACK of the pervious DL data transmission before sending the UL grant, in another words, when the RTT affects the timer. The value to be extend can be UE-eNB RTT. 
Proposal 8: Network can optionally configure UE to extend the LogicalChannelSR-prohibit timer by RRC signalling.
Proposal 9: The value to be extend can be UE-eNB RTT.

2.3 Enhancements to Improve Performance with Disabled HARQ 
Due to disabling HARQ feedback, RLC feedback for AM RLC entity become the last chance to guarantee the reliability of data transmission. It is predictable that the chance of RLC retransmission will increase. On the other hand, for IoT NTN, especially for NB-IoT, the RLC polling and STATUS report mechanism is weaker than regular LTE. The conditions to trigger polling, like condition based on unacknowledged RLC PDU number and condition based on unacknowledged byte size, are not applicable to NB-IoT. The rest of the conditions according to 3GPP TS 36.322 are: 1) “if both the transmission buffer and the retransmission buffer become empty (excluding transmitted RLC data PDU awaiting for acknowledgements) after the transmission of the RLC data PDU”, 2) “if no new RLC data PDU can be transmitted after the transmission of the RLC data PDU (e.g. due to window stalling)”. Hence, only when all the data has been transmitted or window stalling(all the unacknowledged RLC PDU has reached the sending window), can the polling be triggered. The chance of triggering polling is rare. The failure reception of RLC PDU will block the delivering data to upper layer. Considering the increasing chance of failure reception of RLC PDU, and the rare chance of polling which requests the peer AM RLC entity to retransmit the data, the chance of blockage will increase. As a result, the data transmission latency will suffer. 
In the downlink transmission, UE can autonomously send STATUS report when the receiving side of AM RLC entity in UE detects a reception failure of an RLC data PDU by the SN gap. For NB-IoT which has no dedicated Physical Uplink Control Channel (PUCCH), UE needs to apply for the uplink grant by the random access procedure to send the UL STATUS report. The cell’s coverage in the NTN scenario is typically larger than in the TN scenario, and probably is not adjustable due to the limit satellite resource, so the number of UE covered by the cell could be much greater than in the TN scenario. The random access preamble resource is more likely to be deficient. Not only are the resources limited, the random access latency is much higher than in the TN scenario. A typical random access procedure takes 4 steps, each step takes 20ms to 90ms for propagation delay in LEO and takes 270ms for GEO, compared to less than 1ms taken in propagation delay in TN scenario. It takes valuable random access preamble resource and large transmission latency to send the status report when detecting a reception failure of an RLC PDU, which can be improved.
Observation 2: For NB-IoT, after disabling HARQ feedback, RLC can be enhanced to improve data transmission latency.
To add more chances to send polling to compensate for the loss of the data transmission latency, and to improve the situation of UE autonomously sending STATUS report (to save the valuable random access preamble resource and reduce the latency of sending STATUS report), we propose to enhance RLC in IoT NTN, especially for polling and STATUS report mechanism. More specifically, we propose to consider the following alternatives schemes for enhancing RLC in IoT NTN:
To improve the transmission latency, a more frequent polling can help.
In the condition of window stalling, polling can be triggered to request peer AM RLC entity to send STATUS report. Shortening the AM RLC window size can trigger polling more easily. It can help to reduce the transmission latency.
Proposal 10: For NB-IoT, AM RLC window size could be shortened.
The condition based on unacknowledged RLC PDU number and condition based on unacknowledged byte size to trigger polling are not applicable to NB-IoT now. To allow more frequent polling, these two conditions can be added to NB-IoT.
Proposal 11: For NB-IoT, add condition based on unacknowledged RLC PDU number and unacknowledged byte size to trigger polling.
To save random access preamble resource and to improve the transmission latency for UE autonomously sending STATUS report, the pre-configured Semi-Persistent Scheduling (SPS) periodical UL resource can be utilized.  Since NPUSCH resource is preconfigured, the valuable Random Access preamble resource can be saved. There are no four steps of the random access procedure, so the long transmission latency can be saved. 
Proposal 12: For NB-IoT, allow UE to autonomously send STATUS report by SPS resource when detect a failure of an RLC PDU.
Alternatively, if the random access preamble resource is not limited, a CFRA resource can be configured to UE to send the STATUS report. Comparing to CBRA, the transmission latency is reduced. CFRA also use less resource than dedicated SPS.
Proposal 13: For NB-IoT, allow UE to autonomously send STATUS report by CFRA resource when detect a failure of an RLC PDU.
3 Conclusions
Observation 1: The drx-inactivity timer also applies to two DL HARQ processes case.
Proposal 1: For NB-IoT NTN, when the HARQ feedback is disabled for the transmission, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH.
Proposal 2: Revise the agreement to: Blind retransmission can be used in IoT NTN when HARQ feedback is disabled or when HARQ mode B is used.
Proposal 3: For NB-IoT, if HARQ process 0 has been configured with HARQ mode B, and SPS has been configured, it can be considered as the SPS has been configured with HARQ mode B.
Proposal 4: For eMTC, a new separate configuration of HARQ mode is used to control the HARQ mode of the UL SPS.
Proposal 5: UL transmission using PUR can be configured with HARQ mode B.
Proposal 6: When the PUR has been configured with HARQ mode B, UE starts the pur-ResponseWindowTimer after PUSCH transmission plus 1 subframe.
Proposal 7: A new RRC configuration can be used to configure the HARQ mode for PUR.
Proposal 8: Network can optionally configure UE to extend the LogicalChannelSR-prohibit timer by RRC signalling.
Proposal 9: The value to be extend can be UE-eNB RTT.
Observation 2: For NB-IoT, after disabling HARQ feedback, RLC can be enhanced to improve data transmission latency.
Proposal 10: For NB-IoT, AM RLC window size could be shortened.
Proposal 11: For NB-IoT, add condition based on unacknowledged RLC PDU number and unacknowledged byte size to trigger polling.
Proposal 12: For NB-IoT, allow UE to autonomously send STATUS report by SPS resource when detect a failure of an RLC PDU.
Proposal 13: For NB-IoT, allow UE to autonomously send STATUS report by CFRA resource when detect a failure of an RLC PDU.
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