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Introduction

Up to RAN2#113-e,  following agreements have been achieved regarding to HARQ aspects:
	Agreements:

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

For UE with pre-compensation capability (at least for the HARQ-feedback enabled case. FFS for HARQ-feedback disabled, if supported), drx-HARQ-RTT-TimerDL is offset by UE-specific RTT (UE-gNB delay) in LEO/GEO. FFS if offset is applied to: 1) the start of the timers or 2) the timer value range (i.e. existing values within value range increased by offset)

At least the following are FFS in Rel-17 NTN:

Report UE-calculated TA in e.g. msg3/msg5/msgA

Enhancements to RSRP-based selection mechanism of 2-step vs. 4-step RACH 

LCP impact caused by disabling HARQ UL retransmission
For HARQ processes with DL HARQ feedback disabled, drx-HARQ-RTT-TimerDL is not started.

FFS: method(s) to support blind retransmission for HARQ processes with HARQ feedback disabled.

From RAN2 perspective, for HARQ processes where gNB can sends UL grant without waiting for decoding result of previous PUSCH transmission, no new network scheduling restrictions are introduced to schedule subsequent grants (i.e. up to network implementation. (Can come back if we don't find an agreement on p8)

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)


It has been discussed and confirmed in RAN2 that legacy mechanism for uplink scheduling can be reused without introducing new network scheduling restrictions, however there are some still interests in introducing new mechanism for  “disabling/enabling” HARQ retransmission in UL due to LCP impact. Also it remains uncertain how to deal with drx-HARQ-RTT-TimerUL timer. This contribution intends to discuss remaining issues on HARQ aspects and provide candidate solutions.   
Discussion

Although RAN2 has agreed in last meeting that reusing legacy current mechanism, i.e., UE will only flush HARQ buffer when new transmission is scheduled for the HARQ process, there are still some interests to introduce the semi-static method to disable UL HARQ retransmission. The main motivation to introduce semi-static method is three-fold:

To allow UE to flush the HARQ buffer immediately if no retransmission is expected.
To inform UE the HARQ Process(HP) with disabled retransmission to assist LCP procedure
Joint-consideration of DRX
Observation 1: The motivation to introduce semi-static method to disable UL retransmission is listed as follows:

To allow UE to flush the HARQ buffer immediately if no retransmission is expected.
To inform UE the HARQ Process(HP) with disabled retransmission to assist LCP procedure
Joint-consideration of DRX
In the following section, above 3 aspects will be analyzed case by case, and discussed if semi-static manner is necessary.
HARQ buffer handling
In our understanding, the main intention of this motivation is to avoid the HARQ buffer being occupied too-long to avoid shortage of HARQ process. However, this issue can be resolved by NW’s implementation already. Since NW can know the buffer size at UE side based on its capability, then NW can schedule the same HARQ with no expected retransmission for new transmission to assist UE to flush the buffer, so that the HARQ process won’t be occupied in vain. Also considering that RAN1 has increased the HARQ process number to 32, therefore the shortage of HARQ process won’t be an critical issue in NTN anymore. 

Observation 2: The intention to allow immediate HARQ buffer flush, e.g, UE flush HARQ buffer immediately after end of HARQ transmission, is to avoid long-time HARQ process occupation to mitigate HARQ process shortage.
Observation 3: With the extension of HARQ process number, the shortage of HARQ process is mitigated. Also the unnecessary occupation of HARQ buffer can be resolved by NW’s implementation, e.g., NW can schedule HARQ process for new transmission if no retransmisson is expected.
What’s worse is that to flush the buffer immediately after retransmission will lead to negative impact in NTN.If UE always flush the buffer after PUSCH transmission, then NW cannot schedule fast (re)transmission (HARQ retransmission) if channel condition suddenly goes bad, e.g., due to blockage of obstacles. Considering the variety of channel conditions, such behavior can easily cause loss of data and extra transmission delay since NW is not able to schedule a HARQ retransmission to cope with the sudden change of channel condition, while a RLC retransmission might be triggered.

Observation 4: UE based UL HARQ retransmission disable is vulnerable to the change of channel condition, which can lead to loss of data or extra transmission delay since no HARQ retransmission can be made.

Based on above observation, it is proposed that UE reuse current mechanism, e.g., based on the NDI indication,  to determined whether to flush HARQ buffer or not.

Proposal 1: It is proposed that UE reuse current mechanism (e.g., based on the NDI indication) to determine whether to flush HARQ buffer or not in NTN.
LCP impact 
Another concern is on impact on LCP. With LCP, UE based on LCP restrictions configured to mapped the LCHs to suitable HARQ process for transmission. The intention to discuss LCP impact when UL retransmission is enabled/disabled is to prevent LCH requires fast (re)transmission and LCH requires slow (re)transmission (e.g., due to different QoS requirement) to be mapped into the same HARQ process. 

Dynamic grant
Actually, similar issues has been extensively discussed in IIoT, where the allowedPHY-PriorityIndex has been introduced to guarantee the time-sensitive service will not be mapped to the same HARQ process with time-tolerant service, since they will need different configuration for transmission to guarantee the different service requirement, e.g., in the aspects of reliability and transmission delay. 

Observation 5: allowedPHY-PriorityIndex is introduced in IIoT WI for LCHss priority handling, to guarantee the time-sensitive service will not be mapped to the same HARQ process with time-tolerant service since they might need different transmission configuration to satisfy different QoS requirement. 
For LCH with allowedPHY-PriorityIndex configured, they can be only mapped to the HARQ process scheduled by DCI containing the same priority value as indicated in the LCH configuration, therefore the mapping between LCH of different priorities and HARQ process can be dynamically controlled by NW, which provides scheduling flexibility at NW’s side while guarantee the LCHs priority handling issues. 
Observation 6: For LCH with allowedPHY-PriorityIndex configured, they can be only mapped to the HARQ process scheduled by DCI containing the same priority value as indicated in the LCH configuration, which allows dynamic priority scheduling at NW’s side.

Similar to IIoT, NTN also supports multiple services with different latency and reliability requirements, considering allowedPHY-PriorityIndex has been proved to be an effect method to guarantee the services priority handling, to avoid duplicated discussions and minimize the specs impact, it is proposed that RAN2 reused allowedPHY-PriorityIndex in NTN for LCHs priority handling, i.e., to avoid LCHs needed for fast (re)transmission to be mapped to a grant intended for slow (re)transmission or vice versa. 
Observation 7: For dynamic grant allowedPHY-PriorityIndex can be reused to to avoid LCHs needed for fast (re)transmission to be mapped to a grant intended for slow (re)transmission or vice versa, which minimizes the specs impact and avoid redundant work in NTN for LCPs since it has been extensively discussed in IIoT.

Configured grant

In NR following LCP restrictions have been introduced for the LCP mapping for configured grant. 

-
configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;

-
allowedCG-List which sets the allowed configured grant(s) for transmission;

Based on allowedCG-List and configuredGrantType1Allowed configuration NW can control the allowed CG type and CG to be used for transmission of certain LCHs. Since the configuration of CG and HARQ process ID is also controlled by NW, therefore current LCP is also sufficient to guarantee the mapping between LCHs and HARQ process ID for CG case.

Observation 8: For CG, NW can based on proper configuration of allowedCG-List and configuredGrantType1Allowed to guarantee the mapping between LCHs and HARQ process ID.
Other than above mentioned restrictions, considering that LCHs with different QoS requirement might also have different  PUSCH configuration, therefore NW can utilize following restrictions together with the LCP restriction discussed above to control the mapping between LCHs and HARQ process, especially to prevent LCHs requiring fast (re)transmission and slow (re)transmission to be mapped into one HARQ process. 
-
allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;

-
maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;

-
allowedServingCells which sets the allowed cell(s) for transmission;
Observation 9: By jointly usage of allowedSCS-List /maxPUSCH-Duration/ configuredGrantType1Allowed/ allowedServingCells/ allowedCG-List/allowedPHY-PriorityIndex , NW can by implementation to prevent LCHs requires fast (re)transmission and slow (re)transmission to be mapped into the same HARQ process for both dynamic grant and CG case.  
Proposal 2: Current LCP restrictions (e.g., allowedPHY-PriorityIndex, allowedCG-List and etc. ) can be used to prevent LCHs requires fast (re)transmission and slow (re)transmission to be mapped into the same HARQ process for both CG and dynamic grant case, no enhancement is needed for LCP in NTN.
DRX timer
It is agreed in last meeting that in case HARQ feedback is disabled, drx-HARQ-RTT-TimerDL is not started, with this agreements no modification to drx-RetransmissionTimerDL is needed if no blind retransmission is expected, since the drx-RetransmissionTimerDL will only be started 
However, it remains uncertain how to handle drx-HARQ-RTT-TimerUL to allow fast (re)transmission (i.e., NW can schedule subsequent (re)transmission without waiting for previous decoding results). In our understanding, drx-HARQ-RTT-TimerUL is configured to avoid unnecessary monitoring of DCI, which is started after the end of corresponding transmission. And drx-RetransmissionTimerDL is configured to specify the allowed time for monitoring DCI for possible scheduling, which is started upon drx-HARQ-RTT-TimerUL. In case fast (re)transmission is adopted, the RTT timer might not be needed, and there is two way to handle this situation:

Alt1: Not starting the RTT timer   
Alt2: Set RTT timer to zero, which has already been supported in the specs.
In order to allow fast (re)transmission achieved by NW’s implementation, (e.g., NW schedule the subsequent UL transmission without waiting for decoding results of previous PUSCH transmission of the same HARQ process ), it is still required for UE to turn on the retransmission timer to monitor possible scheduling. In such case alt1 requires to specify new trigger for starting retransmission timer so that UE will go-into active time, while for alt2, the retransmission timer will be started immediately since RTT-timer is set to 0, therefore the alt2 is more preferable since the UE behavior is unchanged.
Observation 10: retransmission timers might be needed to allow fast UL (re)transmission by NW’s implementation, while RTT time might not be needed since there is no SAW based retransmission expected.
Observation 11: NW can by implementation (e.g., setting RTT-Timer to zero) to allow starting of retransmission timer for UE to monitor possible scheduling when HARQ feedback is disabled or HARQ UL retransmission is disabled.
Proposal 3: NW can set drx-HARQ-RTT-TimerUL to zero according to its decision, to allow scheduling of a subsequent UL transmission without waiting for decoding results of previous PUSCH transmission of the same HARQ process.
Based on above analysis on the three motivations to introduce semi-static mechanism (similar method as for disabling feedback for DL HARQ) to disable UL retransmission, it can be concluded that for all issues can be dealt with current mechanism by NW’s implementation, there is no additional mechanism is needed.

Observation 13: All motivation to semi-statically (e.g., HARQ buffer handling, LCP impact and DRX consideration) disabled HARQ UL retransmission can be dealt with legacy mechanism by NW’s implementation. 
Proposal 4: No need to introduce semi-static method to disable HARQ UL retransmission.
Conclusion and proposals

Based on above analysis, we have following observations and proposals:
Observation 1: The motivation to introduce semi-static method to disable UL retransmission is listed as follows:

Aspect 1: To allow UE to flush the HARQ buffer immediately if no retransmission is expected.
Aspect 2: To inform UE the HARQ Process(HP) with disabled retransmission to assist LCP procedure
Aspect 3: Joint-consideration of DRX
Aspect 1: HARQ buffer handling
Observation 2: The intention to allow immediate HARQ buffer flush, e.g, UE flush HARQ buffer immediately after end of HARQ transmission, is to avoid long-time HARQ process occupation to mitigate HARQ process shortage.
Observation 3: With the extension of HARQ process number, the shortage of HARQ process is mitigated. Also the unnecessary occupation of HARQ buffer can be resolved by NW’s implementation, e.g., NW can schedule HARQ process for new transmission if no retransmisson is expected.
Observation 4: UE based UL HARQ retransmission disable is vulnerable to the change of channel condition, which can lead to loss of data or extra transmission delay since no HARQ retransmission can be made.

Proposal 1: It is proposed that UE reuse current mechanism (e.g., based on the NDI indication) to determine whether to flush HARQ buffer or not in NTN.
Aspect 2: LCP impact 
Observation 5: allowedPHY-PriorityIndex is introduced in IIoT WI for LCHss priority handling, to guarantee the time-sensitive service will not be mapped to the same HARQ process with time-tolerant service since they might need different transmission configuration to satisfy different QoS requirement. 
Observation 6: For LCH with allowedPHY-PriorityIndex configured, they can be only mapped to the HARQ process scheduled by DCI containing the same priority value as indicated in the LCH configuration, which allows dynamic priority scheduling at NW’s side.

Observation 7: For dynamic grant allowedPHY-PriorityIndex can be reused to to avoid LCHs needed for fast (re)transmission to be mapped to a grant intended for slow (re)transmission or vice versa, which minimizes the specs impact and avoid redundant work in NTN for LCPs since it has been extensively discussed in IIoT.

Observation  8: For CG, NW can based on proper configuration of allowedCG-List and configuredGrantType1Allowed to guarantee the mapping between LCHs and HARQ process ID.
Observation 9: By jointly usage of allowedSCS-List /maxPUSCH-Duration/ configuredGrantType1Allowed/ allowedServingCells/ allowedCG-List/allowedPHY-PriorityIndex , NW can by implementation to prevent LCHs requires fast (re)transmission and slow (re)transmission to be mapped into the same HARQ process for both dynamic grant and CG case.  
Proposal 2: Current LCP restrictions (e.g., allowedPHY-PriorityIndex, allowedCG-List . ) can be reused to prevent LCHs requires fast (re)transmission and slow (re)transmission to be mapped into the same HARQ process, no enhancement is needed for LCP in NTN.
Aspect 3: DRX timer
Observation 10: retransmission timers might be needed to allow fast UL (re)transmission by NW’s implementation, while RTT time might not be needed since there is no SAW based retransmission expected.
Observation 11: NW can by implementation (e.g., setting RTT-Timer to zero) to allow starting of retransmission timer for UE to monitor possible scheduling when HARQ feedback is disabled or HARQ UL retransmission is disabled.
Observation 12: All motivation to semi-statically (e.g., HARQ buffer handling, LCP impact and DRX consideration) disabled HARQ UL retransmission can be dealt with legacy mechanism by NW’s implementation. 

Proposal 3: NW can set drx-HARQ-RTT-TimerUL to zero according to its decision, to allow scheduling of a subsequent UL (re)transmission without waiting for decoding results of previous PUSCH transmission of the same HARQ process.
Proposal 4: No need to introduce semi-static method to disable HARQ UL retransmission.
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