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Introduction
Although progress has been made on HARQ stalling and handling of drx-HARQ-RTT-TimerUL, there remain unresolved aspects of disabling UL HARQ retransmission. Based on outcome of RAN2#114e offline discussion on MAC aspects [1], companies were encourages to address the following aspects via contribution:
· Motivation for semi-statically configuring UL HARQ retransmission state per HARQ process;
· The number of retransmission scheme options (i.e. whether to distinguish between disabled/blind retransmission/retransmissions based on PUSCH decoding result vs. only enabled/disabled);
· Confirmation that regardless of method of indication/configuration, there will always be an option for network to schedule according to any retransmission scheme (i.e. legacy behaviour);
· The expected UE behaviour for each retransmission scheme.

This contribution addresses the above aspects.
UL HARQ retransmission state: definition and indication
It was agreed in RAN2#113bise an NTN UE may avoid a HARQ stalling state by network scheduling strategy, where from RAN2 perspective [2]: 
“The NW can continuously schedule the UE using one or a combination of scheduling strategies, such as without HARQ retransmissions, or with blind retransmissions, or with HARQ retransmissions based on DL HARQ feedback (or UL decoding result).”
To support these different strategies, the following UL HARQ retransmission states may be defined and configured per HARQ process:
· “Enabled” UL HARQ retransmission state: As in legacy, a UE is expected to perform HARQ retransmission for HARQ processes in an “enabled” retransmission state (i.e. upon reception of an UL retransmission grant assigned to a “enabled” HARQ PID). An UL retransmission grant may be either determined blindly from the gNB or based on UL decoding result. This configuration would be useful for traffic with greater reliability requirements. 
· “Disabled” UL HARQ retransmission state: A UE is not expected to perform any HARQ retransmissions. This configuration would be beneficial for latency critical traffic with lower reliability requirements, such as VoIP.  
Defining additional states (e.g. further differentiation between UL HARQ retransmissions based on blind retransmission or based on UL decoding result) would create additional specification complexity and limit scheduling flexibility. Considering the defined use cases for NTN in Release 17, further differentiation does not seem well motivated.
Proposal 1:	Two possible UL HARQ retransmission states are defined in NTN: “enabled” and “disabled”.
Proposal 2:	A UE is expected to perform HARQ retransmission for HARQ processes in an “enabled” UL HARQ retransmission state. The UL retransmission grant may be either determined blindly from the gNB or based on UL decoding result.
Proposal 3:	A UE is not expected to perform any HARQ retransmissions for HARQ processes in a “disabled” UL HARQ retransmission state.
It is important for a UE to know which state a HARQ process is configured to for the following reasons:
1. Proper configuration of drx-HARQ-RTT-TimerUL: For UE power saving purposes, if the UE is not expecting an UL retransmission grant there is no reason to start the drx-HARQ-RTT-TimerUL (the expiry of which triggers the start of drx-RetransmissionTimerUL). Alternatively, extention of the drx-HARQ-RTT-TimerUL by the UE-gNB RTT would ensure the drx-RetransmissionTimerUL is started at the appropriate time if HARQ retransmissions are enabled and based on UL decoding result.
2. LCP: To ensure that QoS requirements for certain logical channels are met with the given HARQ transmission type, by multiplexing only LCH with the right/similar QoS requirement (e.g. not requiring HARQ retransmission or requiring HARQ transmissions) within a grant.  For example the UE should avoid transmitting LCH requiring higher reliability on HARQ processes with HARQ disabled.  
Semi-statically configuring a HARQ process as having UL HARQ retransmission “enabled” or “disabled” facilitates simple solutions for both DRX timer configuration and LCP. For example, proper DRX timer configuration can be acheived by mapping drx-HARQ-RTT-TimerUL behaviour to UL HARQ retransmission state. Similarly, a new LCP restriction may be introduced to map an LCH to one or more UL HARQ retransmission schemes. A detailed discussion on DRX timer configuration and LCP can be found in section 3 below.
[bookmark: _Hlk78986501]Observation 1:	Semi-statically configuring a HARQ process as having UL HARQ retransmission “enabled” or “disabled” facilitates simple solutions to both proper DRX timer configuration and LCP.
The key concern of semi-static indication is restriction of scheduling flexibility (i.e. if the network provides an UL retransmission grant assigned to a “disabled” HARQ process, the UE would ignore the grant). However, as with disabling DL HARQ feedback, the decision and criteria to disable UL retransmission for a HARQ process is under network control. If the network does not wish to be restricted, it may simply choose not to configure any HARQ processes as having UL HARQ retransmission disabled. Furthermore, even if UL HARQ retransmission is disabled for a HARQ process the network may always use repetition transmission based HARQ retransmission as agreed in RAN2#114e.
Observation 2:	Whether UL HARQ retransmission is “disabled” for a HARQ process is fully under network control. If scheduling restrictions are a concern, the network may choose to not configured any HARQ process as having UL HARQ retransmission “disabled”.
Semi-static configuration via RRC would also be beneficial to align with agreements made for disabling of DL HARQ feedback in RAN2#111e [3]: 
“From a RAN2 perspective, for DL, HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner. FFS for UL”
and RAN1#102e [4]:
“Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling”
Observation 3:	Semi-statically configuring a HARQ process as having UL HARQ retransmission “enabled” or “disabled” via RRC aligns with agreements for DL HARQ feedback in both RAN2 and RAN1.
Finally, this topic has been extensively discussed, and there has been a consistently strong majority supporting semi-static indication via RRC. For example [5-7]: 
· In [Post111-e][908]: 24/26 support for enabling/disabling HARQ uplink retransmission is signalled to UE via RRC in a semi-static manner; 
· In [AT113bis-e][104]: 14/16 support RAN2 introduce configuration for “enabling/disabling uplink HARQ retransmissions” at least per HARQ process.
· In [AT114-e][103]: 18/22 support semi-static RRC configuration for indication of HARQ retransmission scheme 
Observation 4:	There has been extensive support for semi-static configuration of UL HARQ retransmission in past discussion.
It is therefore proposed that UL HARQ retransmission state be semi-statically configured per HARQ process.
Proposal 4:	UL HARQ retransmission state is semi-statically configured per HARQ process via RRC signalling.

UE behaviour for UL HARQ retransmission states
drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL
To support the different network scheduling strategies, in RAN2#113bise it was agreed that the drx-HARQ-RTT-TimerUL is configured per UE DRX group, and timer behaviour can be configured per HARQ process. In RAN2#114e the following possible behaviours were agreed [8]:
“The following options are supported for drx-HARQ-RTT-TimerUL in NTN per HARQ process: 1) Timer length is extended by offset; 2) Timer set to zero and/or 3) Timer disabled (i.e. not started). FFS if this is based on explicit configuration or not. We can also come back to see whether both 2 and 3 are needed.”
By configuring a HARQ process as having UL HARQ retransmission “enabled” or “disabled”, proper DRX timer configuration can be acheived by mapping drx-HARQ-RTT-TimerUL behaviour to an UL HARQ retransmission state (similar to the DL HARQ RTT timer when DL HARQ feedback is disabled). This would simplify configuration as timer behaviour would not need to be individually configured for each HARQ process. As well, if the UL HARQ retransmission state changes for a HARQ process, the UE can automatically update timer behaviour without explicit reconfiguration. 
Proposal 5:	UE determines the behaviour of drx-HARQ-RTT-TimerUL per HARQ process based on configured UL HARQ retransmission state.
When UL HARQ retransmission is enabled, it is likely that retransmission grants will be based on the PUSCH decoding result e.g. to avoid unnecessary retransmission. In this case the UE should extend the drx-HARQ-RTT-TimerUL timer length by the UE-gNB offset (i.e. the sum of the UE’s TA and Kmac, as per RAN1 LS response [9]) to ensure the drx-RetransmissionTimerUL is started at the proper time. The UE may receive a blind UL retransmission grant when monitoring PDCCH while in DRX active time for other reasons (as confirmed in RAN2#113bise).
Proposal 6:	For HARQ processes where UL HARQ retransmission is “enabled”, drx-HARQ-RTT-TimerUL timer length is extended by UE-gNB RTT (i.e. sum of UE’s TA and Kmac).
If UL HARQ retransmission is disabled, there is no reason to monitor for a retransmission grant. By not starting the drx-HARQ-RTT-TimerUL, the UE will be able to save power by avoiding unnecessarily monitoring PDCCH during drx-RetransmissionTimerUL (as long as it is not in DRX active time for other reasons) since the drx-RetransmissionTimerUL is started upon expiry of the drx-HARQ-RTT-TimerUL. 
Proposal 7:	For HARQ processes where UL HARQ retransmission is “disabled” drx-HARQ-RTT-TimerUL is not started
Whether the network may additionally choose to override the baseline timer behaviour for an individual HARQ process and configure a custom behaviour may be further considered once the baseline set of agreements are confirmed.
Logical Channel Prioritization
In RAN2#114e the following options were captured for further study regarding LCP in NTN:
“At least the following options for LCP in NTN are further studied: 1) allowedPHY-PriorityIndex is re-used; and 2) A new LCP restriction is introduced to map LCH to one or more HARQ process(es). FFS if HARQ processes can be classified as having retransmission “enabled” or “disabled” in this case.”
If introduced, a new LCP restriction could map a LCH to a set of one or more HARQ processes configured with the desired UL retransmission state. By semi-statically indicating the state of each HARQ process, the UE may know in advance whether retransmission is disabled. This could help ensure that QoS requirements for certain logical channels are met with the given HARQ transmission type, by multiplexing only LCH with the right/similar QoS requirement (e.g. not requiring HARQ retransmission or requiring HARQ transmissions) within a grant. 
Such a restriction could be straightforwardly incorporated into the MAC specification, for example [10]:
RRC additionally controls the LCP procedure by configuring mapping restrictions for each logical channel:
-	allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;
-	maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;
-	configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;
-	allowedServingCells which sets the allowed cell(s) for transmission;
-	allowedCG-List which sets the allowed configured grant(s) for transmission;
-	allowedPHY-PriorityIndex which sets the allowed PHY priority index(es) of a dynamic grant for transmission.
-	allowedPHY-PriorityIndex which sets the allowed PHY priority index(es) of a dynamic grant for transmission.
-	allowedULHARQretx-state which sets the allowed UL HARQ retransmission state(es) of a dynamic grant for transmission.
The alternative solution captured for LCP (i.e. re-purposing the allowedPHY-PriorityIndex) may have unintended consequences such as limiting future support for IIoT devices or possibly impacting intra-UE prioritization. Considering the difficulty of that discussion in previous releases for both RAN1 and RAN2, an LCH – UL HARQ retrnamission state-based mapping solution may be a simpler and more future proof solution.
Proposal 8:	If a new LCP restriction is agreed, LCP restriction will map an LCH to one or more UL HARQ retransmission state(s); i.e. upon reception of an UL grant, UE will determine UL HARQ retransmission state of the associated HARQ process and only multiplex data from LCHs mapped to that UL HARQ retransmission state.
Conclusion
In this contribution the following observations and proposals were made concerning enabling/disabling UL HARQ retransmission in NTN:
Observation 1:	Semi-statically configuring a HARQ process as having UL HARQ retransmission “enabled” or “disabled” facilitates simple solutions to both proper DRX timer configuration and LCP.
Observation 2:	Whether UL HARQ retransmission is “disabled” for a HARQ process is fully under network control. If scheduling restrictions are a concern, the network may choose to not configured any HARQ process as having UL HARQ retransmission “disabled”.
Observation 3:	Semi-statically configuring a HARQ process as having UL HARQ retransmission “enabled” or “disabled” via RRC aligns with agreements for DL HARQ feedback in both RAN2 and RAN1.
Observation 4:	There has been extensive support for semi-static configuration of UL HARQ retransmission in past discussion.
Proposal 1:	Two possible UL HARQ retransmission states are defined in NTN: “enabled” and “disabled”.
Proposal 2:	A UE is expected to perform HARQ retransmission for HARQ processes in an “enabled” UL HARQ retransmission state. The UL retransmission grant may be either determined blindly from the gNB or based on UL decoding result.
Proposal 3:	A UE is not expected to perform any HARQ retransmissions for HARQ processes in a “disabled” UL HARQ retransmission state.
Proposal 4:	UL HARQ retransmission state is semi-statically configured per HARQ process via RRC signalling.
Proposal 5:	UE determines the behaviour of drx-HARQ-RTT-TimerUL per HARQ process based on configured UL HARQ retransmission state.
Proposal 6:	For HARQ processes where UL HARQ retransmission is “enabled”, drx-HARQ-RTT-TimerUL timer length is extended by UE-gNB RTT (i.e. sum of UE’s TA and Kmac).
Proposal 7:	For HARQ processes where UL HARQ retransmission is “disabled” drx-HARQ-RTT-TimerUL is not started
Proposal 8:	If a new LCP restriction is agreed, LCP restriction will map an LCH to one or more UL HARQ retransmission state(s); i.e. upon reception of an UL grant, UE will determine UL HARQ retransmission state of the associated HARQ process and only multiplex data from LCHs mapped to that UL HARQ retransmission state.
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