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1. Introduction
The WI on IoT NTN enhancements [1] includes the following objectives for performance enhancement: 

	-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]



In RAN2#119-e the following agreements were made:

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 elaborate the potential impact.
2. Background
2.1	Disabled HARQ feedback in Rel-17 NR NTN

Configuration of HARQ characteristics per HARQ process ID
A UE may be semi-statically configured via RRC to apply a specific HARQ behaviour to a set of HARQ process IDs. This configuration is per serving cell, and can be optionally configured for both UL and DL HARQ processes via the following optional configurations:

· downlinkHARQ-feedbackDisabled: configured per HARQ process ID, and indicates whether DL HARQ feedback is enabled or disabled.

· uplinkHARQ-Mode: Configured per HARQ process ID, and indicates whether an UL HARQ process uses HARQModeA or HARQmodeB. 
· RAN2 understanding is that HARQmodeA best applies to transmissions with UL HARQ retransmission enabled, and HARQmodeB best applies to transmissions with UL HARQ retransmission disabled or with blind UL retransmission.

HARQ-based LCP restriction
A UE may be configured to apply an LCP restriction based on the UL HARQ mode configured for the HARQ process ID an UL grant is assigned to. UE behaviour is specified via two optional RRC configurations: 

· uplinkHARQ-Mode, which configures each HARQ process ID as either HARQModeA or HARQModeB, and; 
· allowedHARQ-Mode, which is configured per logical channel and sets the allowed HARQ mode of a HARQ process mapped to this logical channel.

Upon reception of a new UL grant, the UE will determine if allowedHARQ-mode is configured for this LCH, and if a HARQ Mode has been configured for the HARQ process the UL grant is assigned to. If both are configured and the LCH is allowed to be mapped to the HARQ mode, the restriction is satisfied and data from this logical channel may be mapped to the UL grant. If either uplinkHARQ-Mode or allowedHARQ-Mode are not configured, the UE may map this logical channel to any HARQ process.

Adaptation of DRX based on configured HARQ mode
A UE adapts DRX timers based on the configured HARQ characteristics of a HARQ process. DRX is adapted for both UL and DL to either adapt DRX active time account for additional propagation delay (e.g. if HARQ feedback is enabled) or to enabled additional UE power saving (e.g. if HARQ feedback is disabled). Operation is adapted as follows:

· DL: if downlinkHARQ-FeedbackDisabled is configured for this serving cell, upon DL reception:
· if HARQ feedback is enabled for the HARQ process the UE will offset the start of drx-RetransmissionTimerDL by UE-gNB RTT (i..e propagation delay).
· If HARQ feedback is disabled for the HARQ process, the UE will not start drx-RetransmissionTimerDL to enable additional power saving. 
· If  downlinkHARQ-FeedbackDisabled is not configured, the UE will apply legacy behaviour (i.e. start drx-RetransmissionTimerDL after expiry of drx-HARQ-RTT-TimerDL).

· UL:  if uplinkHARQ-Mode is configured for this serving cell, upon UL transmission:
·  if HARQ process is configured as HARQModeA the UE will offset the start of drx-RetransmissionTimerUL by UE-gNB RTT (i..e propagation delay). 
· If  HARQ process is configured as HARQModeB, the UE will not start drx-RetransmissionTimerDL to enable additional power saving. 
· If   uplinkHARQ-Mode is not configured, the UE will apply legacy behaviour (i.e. start drx-RetransmissionTimerUL after expiry of drx-HARQ-RTT-TimerUL).
2.2	HARQ for NB-IoT/eMTC

Asynchronous HARQ is used in uplink for NR, however in LTE uplink HARQ can be synchronous or asynchronous: 
· For asynchronous HARQ, the network may schedule any HARQ process by indicating a HARQ process ID in the DCI scheduling the HARQ transmission. The DCI further indicates whether a new transmission or a retransmission is scheduled for that HARQ process via the NDI bit. 
· For synchronous HARQ, the HARQ process is determined via uplink timing. For example, when 8 HARQ processes are configured, a given HARQ process will transmit every 8ms (TTIs). Whether a MAC PDU can be (re)transmitted depends on the PHICH, which carries HARQ ACK/NACK information for PUSCH transmissions. 
For eMTC and NB-IoT, uplink HARQ operation is asynchronous except for repetitions within a bundle. The number of UL repetitions in a bundle is given by parameter UL_REPETITION_NUMBER, and is set (per bundle) via indication from lower layers. The UL bundling operation has the following characteristics:
· The bundling operation uses the same HARQ process for each transmission belonging to the same bundle; 
· Within a bundle, HARQ retransmissions are non-adaptive and triggered without waiting for HARQ feedback for previous transmissions. 
· An uplink grant corresponding to a new transmission or a retransmission of the bundle is only received after the last repetition of the bundle. 
· A retransmission of a bundle is also a bundle.
Similarly, in the DL the parameter DL_REPETITION_NUMBER provides the number of transmissions repeated in a bundle and is also set per bundle by lower layers. The DL bundling operation has the following characteristics:
· Within a bundle, after the initial (re)transmission, DL_REPETITION_NUMBER-1 HARQ retransmissions follow. 
· HARQ feedback is transmitted for the bundle 
· A downlink assignment corresponding to a new transmission or retransmission of the bundle is received after the last repetition of the bundle. 
· A retransmission of a bundle is also a bundle.
3. Discussion
[bookmark: _Hlk110948367]
Configuration of HARQ characteristics per HARQ process ID

It was agreed in the previous meeting that enabling/disabling HARQ feedback can be configured per DL HARQ process. 

However, for uplink the agreement was not explicit whether it is per HARQ process or not. We think, similar to NR, there is a benefit from being able to configure the UL HARQ mode per HARQ process and the agreement should be made explicitly. 

Observation 1: Similar to NR, it has been agreed that downlinkHARQ-feedbackDisabled is configured per HARQ process ID, and indicates whether DL HARQ feedback is enabled or disabled.

Proposal 1: uplinkHARQ-Mode is Configured per HARQ process ID, and indicates whether an UL HARQ process uses HARQModeA or HARQmodeB. 


HARQ-based LCP restriction

In LTE, currently the LCP procedure does not include LCP restriction other than for the case of cell restrictions when CA duplication is configured, otherwise the prioritisation is mainly dependent on the type of data or MAC CE. In NR the LCP restriction can be based on cell (as in LTE) or it can include SCS, PUCCH duration grant type1 allowed, allowed CG list, and allowed physical channel priority index. 

When HARQ mode A and mode B was introduced to support varying reliability and latency based on whether an UL HARQ retransmission grant is expected or not (i.e. for UL data) a LCP restriction based on HARQ mode was introduced in order to allow different logical channels to be mapped to different HARQ types. 

Similarly, as it has been agreed to introduce HARQ Mode A and HARQ mode B for IoT-NTN, it is necessary to introduce LCP restriction, or similar, in order to allow different logical channels to be mapped to HARQ processes with Mode A or Mode B only. For example some data services could use HARQ mode B (optimized for no UL HARQ retransmission) and SRBs could use HARQ mode A (optimized for UL HARQ retransmission based on NW decoding result) to allow reliable delivery of signalling messages.

Proposal 2: Similar to NR, introduce LCP restriction based on uplinkHARQ-Mode, i.e. the MAC entity shall allocate resources to the logical channels that are allowed to transmit using the HARQ mode configured for the HARQ process corresponding to the UL grant.
 
As observed in [2], by disabling HARQ feedback and not increasing the number of repetitions to compensate for no bundle retransmissions in the case of a failed transmission, the chance of protocol stalling is increased at RLC. 

A compromise approach may be needed, such that UL HARQ is used or repetitions are increased only when necessary, to minimise the bottleneck/protocol stalling at HARQ and unnecessary retransmissions, and at the same time minimise protocol stalling at RLC. Most of the time, the number of repetitions can be relatively small (i.e. at a similar level as used for any given coverage enhancement level as in R17). However, this will cause an increased number of RLC retransmissions and therefore some transmissions need to be transmitted with higher reliability to avoid protocol stalling – RLC STATUS PDU and RLC retransmission have to be delivered with high reliability. 

For these transmissions (RLC retransmissions and STATUS PDUs) we can consider either transmitting with a higher number of repetitions in these cases (increasing the probability of successful delivery) or transmitting using a HARQ process optimized for UL HARQ retransmission (and hence bundle retransmissions increase the probability of successful delivery). 

By applying LCP restriction to RLC PDU Type, we can configure e.g. RLC initial transmissions to use HARQ Mode B and RLC retransmissions to use HARQ mode A. RLC STATUS PDUs can also use HARQ mode A to ensure reliable delivery. If RLC initial transmissions (the majority of RLC PDUs) are sent with HARQ mode B we can reduce the possibility of protocol stalling at HARQ. By transmitting RLC STATUS PDUs and RLC retransmissions using higher reliability with HARQ mode A, then we can ensure that the number of RLC retransmissions can be limited, so that the RLC window can advance and reduce the possibility of protocol stalling at RLC. 

Proposal 3a: To minimise the risk of protocol stalling at RLC when using higher data rates, apply LCP restriction based on uplinkHARQ-Mode for different RLC PDU types, such that RLC initial transmissions, retransmission, and STATUS PDUs can be restricted to a particular HARQ Mode. (e.g. initial RLC transmission can be sent using HARQ Mode B to improve throughput, and RLC retransmissions and RLC STATUS PDUs can be sent using HARQ mode A to ensure reliable delivery).

In the downlink, the network can also use DL HARQ with feedback disabled for RLC initial transmissions, and use DL HARQ process(es) with HARQ feedback enabled to ensure reliable delivery of RLC retransmissions and RLC STATUS PDUs, hence minimising the problems in the downlink.

Proposal 3b: To minimise the risk of protocol stalling at RLC when using higher data rates, the network may use a DL HARQ process with HARQ feedback disabled for RLC initial transmissions, and use a DL HARQ process with feedback enabled for RLC retransmissions and RLC STATUS PDUs.

Adaptation of DRX based on configured HARQ mode

Similar to NR, depending on the configured HARQ mode, the DRX can be adjusted to either take into account the NTN propagation delay (i.e. when HARQ feedback is used) or to allow UE power saving. As power saving is one of the main considerations for NTN Devices, a similar approach should be used as already defined in NR. It should be possible to re-use the NR agreements, making adjustments in the stage 3 specific definitions accordingly. 

Downlink:

Proposal 4a: If downlinkHARQ-FeedbackDisabled is configured for this serving cell, upon DL reception, if HARQ feedback is enabled for the HARQ process the UE will offset the start of drx-RetransmissionTimer by UE-gNB RTT (i.e. propagation delay).

Proposal 4b: If downlinkHARQ-FeedbackDisabled is configured for this serving cell, upon DL reception, if HARQ feedback is disabled for the HARQ process, the UE will not start drx-RetransmissionTimer to enable additional power saving. 

Proposal 4c: If  downlinkHARQ-FeedbackDisabled is not configured, the UE will apply legacy behaviour (i.e. start drx-RetransmissionTimerDL for the corresponding HARQ process after expiry of the HARQ RTT Timer).

Uplink:

Proposal 5a: If uplinkHARQ-Mode is configured for this serving cell, upon UL transmission, if HARQ process is configured as HARQModeA the UE will offset the start of drx-ULRetransmissionTimer by UE-gNB RTT (i.e. propagation delay). 

Proposal 5b: If uplinkHARQ-Mode is configured for this serving cell, upon UL transmission, if  HARQ process is configured as HARQModeB, the UE will not start drx-ULRetransmissionTimer to enable additional power saving. 

Proposal 5c: If   uplinkHARQ-Mode is not configured, the UE will apply legacy behaviour (i.e. start drx-ULRetransmissionTimer for the corresponding HARQ process after expiry of the UL HARQ RTT Timer).

4. Conclusion
In this contribution we discuss the impact of disabling HARQ feedback for IoT-NTN. The following is observed:

Configuration of HARQ characteristics per HARQ process ID

Observation 1: Similar to NR, it has been agreed that downlinkHARQ-feedbackDisabled is configured per HARQ process ID, and indicates whether DL HARQ feedback is enabled or disabled.

Proposal 1: uplinkHARQ-Mode is Configured per HARQ process ID, and indicates whether an UL HARQ process uses HARQModeA or HARQmodeB. 

HARQ-based LCP restriction

Proposal 2: Similar to NR, introduce LCP restriction based on uplinkHARQ-Mode, i.e. the MAC entity shall allocate resources to the logical channels that are allowed to transmit using the HARQ mode configured for the HARQ process corresponding to the UL grant.
 
Proposal 3a: To minimise the risk of protocol stalling at RLC when using higher data rates, apply LCP restriction based on uplinkHARQ-Mode for different RLC PDU types, such that RLC initial transmissions, retransmission, and STATUS PDUs can be restricted to a particular HARQ Mode. (e.g. initial RLC transmission can be sent using HARQ Mode B to improve throughput, and RLC retransmissions and RLC STATUS PDUs can be sent using HARQ mode A to ensure reliable delivery).

Proposal 3b: To minimise the risk of protocol stalling at RLC when using higher data rates, the network may use a DL HARQ process with HARQ feedback disabled for RLC initial transmissions, and use a DL HARQ process with feedback enabled for RLC retransmissions and RLC STATUS PDUs.

Adaptation of DRX based on configured HARQ mode

Downlink:

Proposal 4a: If downlinkHARQ-FeedbackDisabled is configured for this serving cell, upon DL reception, if HARQ feedback is enabled for the HARQ process the UE will offset the start of drx-RetransmissionTimer by UE-gNB RTT (i..e propagation delay).

Proposal 4b: If downlinkHARQ-FeedbackDisabled is configured for this serving cell, upon DL reception, if HARQ feedback is disabled for the HARQ process, the UE will not start drx-RetransmissionTimer to enable additional power saving. 

Proposal 4c: If  downlinkHARQ-FeedbackDisabled is not configured, the UE will apply legacy behaviour (i.e. start drx-RetransmissionTimerDL for the corresponding HARQ process after expiry of the HARQ RTT Timer).

Uplink:

Proposal 5a: If uplinkHARQ-Mode is configured for this serving cell, upon UL transmission, if HARQ process is configured as HARQModeA the UE will offset the start of drx-ULRetransmissionTimer by UE-gNB RTT (i..e propagation delay). 

Proposal 5b: If uplinkHARQ-Mode is configured for this serving cell, upon UL transmission, if  HARQ process is configured as HARQModeB, the UE will not start drx-ULRetransmissionTimer to enable additional power saving. 

Proposal 5c: If   uplinkHARQ-Mode is not configured, the UE will apply legacy behaviour (i.e. start drx-ULRetransmissionTimer for the corresponding HARQ process after expiry of the UL HARQ RTT Timer).
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