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Introduction
From RAN2#112e [1] the following agreement was made concerning operation of HARQ RTT timers in NTN:
· From RAN2 perspective, for dynamic grant, one possibility for "enabling"/"disabling" HARQ uplink retransmission at UE transmitter is without introducing an additional mechanism (i.e. gNB can send grant with NDI not toggled/toggled without waiting for decoding result of previous PUSCH transmission). FFS on the handling of RTT timers. Other solutions for enabling/disabling HARQ UL reTX are not precluded
In RAN2#113e [2], the following was agreed regarding operation of drx-HARQ-RTT-TimerDL timers in NTN:
· For HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e. existing values within value range increased by offset). RAN2 working assumption: offset is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it)
In RAN2#113bise [3], the following was agreed regarding operation of drx-HARQ-RTT-TimerUL timers in NTN:
· RAN2 confirms that in NTN if the UE is in DRX Active Time for any reason, the UE should monitor the PDCCH regardless of whether drx-HARQ-RTT-TimerUL or drx-HARQ-RTT-TimerDL is running or not. No specification change is needed.
· RAN2 confirms that in NTN using the value= “zero” for drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL is possible. No specification change is needed.
· In NTN, The drx-HARQ-RTT-TimerUL is configured per UE DRX group and the behaviour can be configured per HARQ process. FFS the different behaviours and how to indicate the behaviour to the UE and the number of behaviours (e.g., two or more behaviours).
This contribution discusses per-HARQ process behaviour of drx-HARQ-RTT-TimerUL to enable different NW scheduling schemes in NTN.
Discussion
MAC specification defines drx-HARQ-RTT-TimerUL as the minimum duration (typically at least one RTT) before a UL HARQ retransmission grant is expected by the MAC entity, and drx-RetransmissionTimerUL as the maximum duration until a HARQ retransmission grant is received. While drx-RetransmissionTimerUL is running, UE is in drx Active time.
The primary purpose of drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL is to optimize when UE monitors PDCCH for a retransmission grant. Premature expiry of drx-HARQ-RTT-TimerUL could lead to unnecessary monitoring of PDCCH (if the UE was not required to be in drx Active time for other purposes) and grant reception after expiry of drx-RetransmissionTimerUL could result in additional scheduling delay (i.e. NW would have to wait until UE is in drx Active time during next OnDuration or for other reasons).
Observation 1:	drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL do not restrict when network can send retransmission grant, they optimize when UE monitors PDCCH for a retransmission grant.
If gNB sends an UL grant assigned to the HARQ process based on decoding result of previous PUSCH transmission, currently defined values of drx-HARQ-RTT-TimerUL are insufficient to accomodate the greatly increased propagation delay in NTN, leading to premature timer expiry. To ensure UE starts monitoring PDCCH at the optimal time, the existing values of drx-HARQ-RTT-TimerUL could be increased proportionally to RTT. This behaviour is in line with agreements for drx-HARQ-RTT-TimerDL.
Observation 2:	If UL grant assigned to HARQ process is based on decoding result of previous PUSCH transmission, extending value range of drx-HARQ-RTT-TimerUL proportional to RTT could ensure UE is monitoring PDCCH at optimal time.
In RAN2#112e it was agreed gNB can provide an UL grant assigned to the HARQ process prior to the decoding results of the previous PUSCH transmission.  If the drx-HARQ-RTT-TimerUL is extended proportional to RTT, the network must wait until the UE is in drx Active time for another purpose to provide grant, possibly introducing scheduling delay. Considering this strategy is likely be used to avoid HARQ stalling, it would make sense that the UE should monitor for grant as soon as possible. 
Observation 3:	If a sub-RTT grant is used (e.g. to avoid HARQ stalling), offsetting drx-HARQ-RTT-TimerUL proportional to RTT could limit ability to receive grant as soon as possible (i.e. UE must be in drx Active time for other reasons to receive grant).
To guarantee UE is monitoring PDCCH at the soonest possible opportunity after initial PUSCH transmission, drx-HARQ-RTT-TimerUL could to be set to zero. As per legacy specification, drx-RetransmissionTimerUL would then start upon expiry of RTT Timer causing the UE to be in drx Active time immediately after PUSCH transmission. Agreements from RAN2#113bis-e have confirmed that a zero value for drx-HARQ-RTT-TimerUL is possible in NTN.
Observation 4:	Setting drx-HARQ-RTT-TimerUL to zero is supported by previous agreements, and can ensure UE monitors PDCCH at soonest possible opportunity after end of initial PUSCH transmission with minimal specification impact.
The following was agreed in the previous RAN2#113bis-e meeting:
· It is NW scheduling strategy to avoid NTN UE in HARQ stalling state. From RAN2 perspective, 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).
Configuring different behaviours of drx-HARQ-RTT-TimerUL per HARQ process could ensure the UE is monitoring PDCCH at the optimal time for each of the various NW scheduling strategies listed above (i.e. to take increased RTT into account, or to facilitate immediate reception). Considering what strategy the NW uses to avoid HARQ stalling in NTN is up to NW implementation, what behaviour the UE applies to timers for each HARQ process shall also be up to network implementation. 
Proposal 1:	In NTN, the following possible values for drx-HARQ-RTT-TimerUL timer can be configured: 1) existing values within value range are increased by offset; or 2) timer is set to zero.
Proposal 2:	Which drx-HARQ-RTT-TimerUL value is applied for each HARQ process is up to network implementation (e.g. to support NW scheduling strategy to avoid HARQ stalling).
To align with behaviour of drx-HARQ-RTT-TimerDL, offset applied for drx-HARQ-RTT-TimerUL can be assumed to be UE-gNB RTT (pending RAN1 confirmation).
Proposal 3:	RAN2 working assumption: offset for drx-HARQ-RTT-TimerUL is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it).
It is noted that even though a certain drx-HARQ-RTT-TimerUL behaviour may be configured per HARQ process, the network can still schedule a grant if UE is in drx Active time for other reasons (as previously agreed). Therefore a configuration does not necessarily imply a specific scheduling behaviour.
Observation 5:	Behaviour of drx-HARQ-RTT-TimerUL does not require the NW to employ a specific scheduling strategy.
Conclusion
In this contribution the following proposals were made concerning HARQ aspects in NTN:
Observation 1:	drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL do not restrict when network can send retransmission grant, they optimize when UE monitors PDCCH for a retransmission grant.
Observation 2:	If UL grant assigned to HARQ process is based on decoding result of previous PUSCH transmission, extending value range of drx-HARQ-RTT-TimerUL proportional to RTT could ensure UE is monitoring PDCCH at optimal time.
Observation 3:	If a sub-RTT grant is used (e.g. to avoid HARQ stalling), offsetting drx-HARQ-RTT-TimerUL proportional to RTT could limit ability to receive grant as soon as possible (i.e. UE must be in drx Active time for other reasons to receive grant).
Observation 4:	Setting drx-HARQ-RTT-TimerUL to zero is supported by previous agreements, and can ensure UE monitors PDCCH at soonest possible opportunity after end of initial PUSCH transmission with minimal specification impact.
Observation 5:	Behaviour of drx-HARQ-RTT-TimerUL does not require the NW to employ a specific scheduling strategy.
Proposal 1:	In NTN, the following possible values for drx-HARQ-RTT-TimerUL timer can be configured: 1) existing values within value range are increased by offset; or 2) timer is set to zero.
Proposal 2:	Which drx-HARQ-RTT-TimerUL value is applied for each HARQ process is up to network implementation (e.g. to support NW scheduling strategy to avoid HARQ stalling).
Proposal 3:	RAN2 working assumption: offset for drx-HARQ-RTT-TimerUL is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it).
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