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1 Introduction
Disabling UL HARQ retransmissions has been discussed in previous RAN2 meetings, with the following agreements being achieved (with open issues highlighted):
	RAN2#115-e:
· Confirm the RAN2 working assumption that offset to drx-HARQ-RTT-TimerUL length is equal to UE-gNB RTT (i.e. sum on UE's TA and K_mac).
· Confirm the RAN2 working assumption that for HARQ processes with DL HARQ feedback enabled, the drx-HARQ-RTT-TimerDL length is increased by an offset equal to UE-gNB RTT (i.e. sum on UE's TA and K_mac).
· No new LCP restrictions are introduced for exisiting UL MAC CEs (if new MAC CEs will be introduced we can revisit this)
· For dynamic grants, each LCH can optionally be semi statically configured (by RRC) to be mapped to one or more HARQ processes (FFS if it's possible to map to more than one HARQ process/ process type. FFS on mapping method). If there is no RRC configuration for this, this mapping has no effect (legacy behaviour applies).
· For at least dynamic grants, the network may optionally configure an UL HARQ retransmission state per HARQ process. Two UL HARQ retransmission states are defined in NTN: HARQ state A and HARQ state B (FFS whether "HARQ state A" and "HARQ state B" should be renamed)
· HARQ state A/B are defined as follows:
· HARQ state A: length of drx-HARQ-RTT-TimerUL is extended by UE-gNB RTT (i.e. UE PDCCH monitoring is optimized to support UL retransmission grant based on UL decoding result).
· HARQ state B:  drx-HARQ-RTT-TimerUL is not started. 
· Configuration of UL HARQ retransmission state is semi-static, signalled via RRC, and the decision and criteria to configure UL HARQ retransmission state is under network control.
· For dynamic grants, each LCH can be optionally mapped to an UL HARQ retransmission state via semi-static RRC configuration. If there is no configuration, the mapping has no effect (legacy behaviour applies).
· If HARQ process has not been configured with an UL HARQ retransmission state, new LCH mapping rule has no effect (i.e. UE applies legacy behaviour).
· The following behaviours are supported for drx-HARQ-RTT-TimerUL in NTN per HARQ process: 1) Timer length is extended by offset; 2) Timer disabled (i.e. not started)
· UE determines drx-HARQ-RTT-TimerUL behaviour per HARQ process based on configured UL HARQ retransmission state.
· For HARQ process(es) not configured with an UL HARQ retransmission state, drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL behave as per legacy.
· An UL HARQ retransmission state is configured per HARQ process to support new LCH mapping restriction and proper configuration of drx-HARQ-RTT-TimerUL behaviour.
· The network may consider delay and reliability characteristics of ongoing services when choosing to configure an UL HARQ retransmission state.
· Alternative naming for HARQ state A/B can be further considered during stage 3, however UE behaviour in each state should be defined in specification.
· RAN2 understanding is that UE behaviour in HARQ state A (i.e. extending the drx-HARQ-RTT-TimerUL by UE-gNB RTT) best supports reception of UL retransmission grant based on UL decoding result. (No RAN2 specification impact)
· RAN2 understanding is that UE behaviour in HARQ state B (i.e. not starting drx-HARQ-RTT-TimerUL) best supports no UL retransmission and/or blind UL retransmission. (No RAN2 specification impact)
· For HARQ state B, FFS to run drx-RetransmissionTimerUL for blind UL retransmission
· UE configured with an UL HARQ retransmission state (i.e. A or B) will always act as indicated in a grant/assignment provided during a valid occasion (i.e. subject to legacy restrictions in e.g. MAC and RAN1 specifications). (No RAN2 specification impact)



In this contribution, we discuss the remaining issues on HARQ uplink retransmissions in NTN.
2 Discussion
According to agreements captured above, two HARQ states are defined: State A and State B.
In State A, drx-HARQ-RTT-TimerUL is extended by UE-gNB RTT. The UE starts the timer after an UL transmission. When the timer expires, the UE will monitor PDCCH for an UL retransmission grant from the network while drx-RetransmissionTimerUL is running. In other words, State A is the legacy HARQ operation, except the offset to account for the large UE-gNB delay in NTN.
On the other hand, in State B, the UE will not start drx-HARQ-RTT-TimerUL after an UL transmission, which means the UE will also not start drx-RetransmissionTimerUL at the expiry of drx-HARQ-RTT-TimerUL and will not monitor PDCCH for an UL retransmission grant.
Configuration of HARQ processes with State A or State B is under network control and indicated to the UE via RRC signalling.
If a HARQ process is mapped to both State A and State B, the UE – gNB RTT offset will be applied to the drx-HARQ-RTT-TimerUL, but the timer will not be started and the UE will not monitor PDCCH for an UL retransmission grant as in State B. In other words, State A will not have any effect on the outcome of the UE behaviour. Therefore, it does not make sense to map a HARQ process to both State A and B.
Proposal: Each HARQ process can be mapped to either State A or State B, but not both.
In NTN, the legacy operation, i.e. with neither State A nor State B configured for a HARQ process, will not work properly because of the large UE-gNB RTT. If neither State A nor State B is configured in NTN, the duration of the drx-HARQ-RTT-TimerUL would be smaller than the UE-gNB RTT, and therefore it would not give enough time to the UE to receive a possible UL retransmission grant from the network. Therefore either State A or State B has to be configured for a HARQ process in NTN.
Proposal: Each HARQ process must be configured with either State A or State B in NTN.
In our understanding, if a LCH is mapped to State A, its data can only be transmitted on any HARQ process configured with State A, and the same for State B. If there is no mapping provided for the LCH, legacy operation applies, which means that the data from the LCH can be transmitted on any HARQ process (i.e. regardless of the State A/State B configuration for the HARQ process). This can be useful if the data for the LCH is not critical, and can improve the utilization of the UL grants (data from some LCHs can be transmitted on any UL grant). It may be good to clarify this in a proposal, and to progress the FFS in the agreement above.
Proposal: A LCH can be optionally configured with either State A or State B, meaning data from the LCH can only be transmitted on HARQ processes configured with either State A or State B. If the configuration for State A/B is not provided for the LCH, data from the LCH can be transmitted on any HARQ process.
Note that invalid configurations must be avoided by the network, for example, when no HARQ process is configured with State A/B but some LCHs are configured with State A/B, because it would not be possible to transmit the data from the LCH using any HARQ process.
Proposal: It is an invalid case to have no HARQ process configured with State A/B but one or more LCHs configured with State A/B.
Regarding the blind retransmissions in State B, as mentioned above, the UE will not start the drx-HARQ-RTT-TimerUL in State B, which means it will not start the drx-RetransmissionTimerUL when drx-HARQ-RTT-TimerUL expires either. We think that the blind retransmissions can be handled by the drx-InactivityTimer. While drx-InactivityTimer is running, the UE is in Active Time and is monitoring the PDCCH so it will be able to receive any UL grant for blind retransmission, if sent by the network. In our understanding, starting the drx-RetransmissionTimerUL in State B for blind retransmission case would require the UE to know if a HARQ process supports blind retransmission or not, which is unnecessary and introduces additional complexity. If blind retransmissions are handled via the drx-InactivityTimer, the decision and the knowledge of whether/when a HARQ process supports blind retransmissions can be completely left to the network.
Proposal: In HARQ State B, drx-RetransmissionTimerUL is not started for blind retransmissions (i.e. no special behaviour is introduced for blind retransmissions in State B).
Finally, regarding the naming of State A/B, we don’t have a strong preference and are fine to continue with the current names, but if majority of companies prefer more descriptive names, perhaps we could consider: RTT-TimerUL-extended (State A) and RTT-TimerUL-off (State B).
Proposal: If more descriptive names are preferred by RAN2, consider: RTT-TimerUL-extended (State A) and RTT-TimerUL-off (State B).
3 Conclusion
In this contribution, we have the following proposals regarding UL HARQ retransmissions in NTN:
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