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1 Introduction

In this contribution, we address HARQ related issues.
2 Discussion
2.1 drx-HARQ-RTT-TimerUL impact when gNB sends grant w/wo waiting for decoding result of PUSCH
In last RAN2 meeting, it was agreed for DL HARQ feedback enable/disable case that:

	· 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)




Similar to the discussion for DL case, for UL case, when gNB sends grant with waiting for decoding result of PUSCH, majority view is that:

· For HARQ processes where gNB sends grant based on decoding result of previous PUSCH transmission, drx-HARQ-RTT-TimerUL 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). (19/24)

We suggest to agree upon the majority view:
Proposal 1: For HARQ processes where gNB sends grant based on decoding result of previous PUSCH transmission, drx-HARQ-RTT-TimerUL 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).
When gNB sends grant without waiting for decoding result of PUSCH, 14 out of 24 companies agree to not start drx-HARQ-RTT-TimerUL. 8 companies suggest to set drx-HARQ-RTT-TimerUL to zero, and think it is simpler for spec point of view. In our understanding, the reason for DL to disable drx-HARQ-RTT-TimerDL is because in current spec it is started after the transmission of DL HARQ feedback. When HARQ feedback is disabled, there will be no HARQ feedback transmission, therefore drx-HARQ-RTT-TimerDL will not be started based on current spec. That is why we choose to disable drx-HARQ-RTT-TimerDL instead of setting drx-HARQ-RTT-TimerDL to zero. However, for UL, drx-HARQ-RTT-TimerUL is started after the PUSCH transmission. Anyway, PUSCH transmission will take place. By simply setting drx-HARQ-RTT-TimerUL to 0, it can support triggerring retransmission timer directly.  
But actually, the spec impact difference of disabling drx-HARQ-RTT-TimerUL and setting drx-HARQ-RTT-TimerUL to 0 is quite small. By align UL and DL, we provide more reader friendly spec that can be easily understood. Besides, whether to reuse drx-HARQ-RTT-TimerUL to trigger retransmission timer is actually dependent on the blind retransmission design. It would be better to decouple drx-HARQ-RTT-TimerUL with blind retransmission design. 
Proposal 2: For HARQ processes where gNB sends grant without waiting for decoding result of previous PUSCH transmission, drx-HARQ-RTT-TimerUL is not started.
2.2 How to signal which HARQ processes are disabled
For DL, gNB needs to configure UE which HARQ processes are DL HARQ feedback disabled. For UL, gNB needs to configure UE for which HARQ processes gNB do not wait for the decoding result of PUSCH.
There are 3 options:
Option 1: introduce a bitmap to indicate for each HARQ ID whether UL/DL HARQ is disabled or not.
Option 2: introduce a HARQ ID offset, for HARQ IDs above/below the offset, UL/DL HARQ is disabled.

Option 3: introduce a list of HARQ IDs of each HARQ process with UL/DL HARQ disabled. 
Option 1 has the issue that the size of bitmap has to be equal to the maximum number of HARQ process numbers. Option 3 consumes a lot of signalling if the number of HARQ processes is large. Option 2 needs to configure a HARQ ID offset for dynamic grant and configured grant respectively. From signalling overhead point of view, option 2 consumes the least signalling. 
Proposal 3: For dynamic/configured grant, to configure HARQ processes with disabled DL HARQ feedback, introduce a HARQ ID offset, for HARQ IDs above/below the offset, DL HARQ feedback is disabled.
Proposal 4: For dynamic/configured grant, to configure HARQ processes that gNB do not wait for the decoding result of PUSCH, introduce a HARQ ID offset, for HARQ IDs above/below the offset, gNB do not wait for the decoding result of PUSCH.
2.3 How to perform HARQ blind retransmission

Dynamic grant:
For dynamic grant, there are following options for blind retransmission:

Option 1: reuse inactivity timer

Option 2: disable DRX RTT timer/set DRX RTT timer to zero, and start retransmission timer immediately

Option 3: start a new timer after PDCCH reception/PUSCH transmission, after the timer expires, start DRX retransmission timer.
Option 4: Modifying start of drx-RetransmissionTimerDL(UL) based on network-scheduled offset via PDCCH.
For option 1, unless large inactivity timer is configured, the blind scheduling chance is limited. Whereas the power consumption will increase with large inactivity timer value. And unnecessary PDCCH monitoring during DRX retransmission timer running if DRX RTT timer is not disabled. Besides, UE has to continuously monitor retransmission scheduling during inactivity timer running. However, to provide time diversity to overcome short period channel quality degradation, it would be better for network to schedule retransmission with intervals. If network choose to do so, it would save UE power if UE only need to monitor PDCCH after the intervals.
For option 2, it has similar issue as option 1 that UE needs to continuously monitor retransmission scheduling during DRX retransmission timer running.

For option 3,  there is no need to configure a large inactivity timer, and the new timer can naturally provide interval for retransmissions scheduling and thus save UE power and provide time diversity.  

For option 4, it provides most flexibility for setting interval between retransmission scheduling. However, it requires more spec change and requires additional bits in DCI, while the gain of having flexible interval than fixed interval for retransmissions is unclear.

Proposal 5: For HARQ blind retransmission, start a new timer after PDCCH reception/PUSCH transmission. After the new timer expires, start DRX retransmission timer.
Configured grant:
In NR-U, UL autonomous retransmission is supported. cg-RetransmissionTimer is introduced for NR-U for autonomous UL retransmission. The timer is started per HARQ process. It is started when the TB is actually transmitted on the configured grant and stopped upon reception of HARQ feedback (DFI) or dynamic grant for the HARQ process. Autonomous retransmission on CG resource is prohibited for a HARQ process while the CG retransmission timer for the HARQ process is running. When the timer is not running, retransmission will occur on the corresponding HARQ process when configured grant recurs and is associated to that HARQ process. The legacy configured grant timer and behaviour is kept for preventing the configured grant overriding the TB scheduled by dynamic grant, i.e. it is (re)started upon reception of the PDCCH as well as transmission on the PUSCH of dynamic grant. Both CG timer and CG retransmission timer are used at the same time for a HARQ process. The value of the CG retransmission timer is shorter than the value of the CG timer. The CG timer is not restarted at autonomous retransmission on CG resource.
Blind retransmission based on dynamic scheduling will consume a lot of PDCCH resources and may need to PDCCH overload. AUL can largely save network signalling and save UE power for PDCCH monitoring compared to dynamic scheduling of retransmission. Thus, it would be better if NTN configured grant can support AUL.

Proposal 6: support autonomous UL retransmission for configured grant, AUL from NR-U can be as a baseline.
2.4 LCP impact of enabling/disabling HARQ
When HARQ is disabled, the delay can be reduced, but the reliability may also be degraded. During SI phase, it was agreed that the enabling / disabling of HARQ uplink retransmission could be configurable on a per UE, per HARQ process and per LCH basis. For the latter case, there are two options for the mapping between LCH and HARQ process:

Option 1: reuse current LCP restriction.

Option 2: introduce HARQ restriction to LCP.

Currently, LCP restriction has the following parameters: allowedSCS-List, maxPUSCH-Duration, configuredGrantType1Allowed, allowedServingCells, allowedCG-List, allowedPHY-PriorityIndex. For dynamic grant, allowedSCS-List, maxPUSCH-Duration are two parameters most relevant to delay. However, SCS restriction & maxPUSCH-Duration does not fit well into NTN scenario as the delay impact of SCS is considerably much smaller than propagation delay. Thus, it is better to introduce HARQ restriction to LCP. For configured grant, allowedCG-List can be used to map a LCH to a specific CG. However, if only part of the HARQ IDs for configured grant is HARQ retransmission disabled, allowedCG-List cannot map a LCH only to those HARQ IDs. Thus, HARQ restriction is needed. 
Proposal 7: HARQ restriction is introduced to LCP restriction for dynamic/configured grant.
There are two options for HARQ restriction:

Option 1: HARQ ID restriction.

Option 2: HARQ retransmission enabled/disabled function restriction.

For option 1, much signalling would be required. Option 2 is preferred.
Proposal 8: HARQ restriction for LCP is configured by indicating whether Disabling of HARQ is applied.
2.5 Whether to apply disabling of HARQ to MAC CE
When HARQ is disabled, the reliability may be degraded. If MAC CE are mapped to the transmissions with HARQ disabled, the reliability may not be guaranteed. Thus, the question is if MAC CE can be mapped to transmissions with HARQ disabled.

For UL, the types of MAC CE include:
1. C-RNTI MAC CE
2. Configured Grant Confirmation MAC CE or Multiple Entry Configured Grant Confirmation MAC CE
3. BFR MAC CE
4. BSR MAC CE

5. PHR MAC CE

6. MAC CE for the number of Desired Guard Symbols;
7. MAC CE for Recommended bit rate query
For C-RNTI MAC CE, Msg3 will not apply disabling HARQ retransmission.

For configured grant confirmation MAC CE, if it is lost, network may resend the configured grant activation/deactivation command. So, it is not a issue. 
For BFR MAC CE, if it is lost and network doesn’t solve the issue, UE will keep trigger BFR report. So, it is not a big issue.

For BSR MAC CE, if it is lost and network doesn’t provide UL grant for data transmission, BSR retransmission timer will trigger retransmission of BSR. So, it is also not a big issue.

For PHR MAC CE, UE will periodically report PHR, so lost of PHR is not a big issue.

For MAC CE for the number of Desired Guard Symbols and MAC CE for Recommended bit rate query, the lost of MAC CE would not cause any big issue.

In sum, if transmission is degraded by HARQ with disabled UL retransmission, the lost of MAC CE will not raise a big issue.

Proposal 9: there is no need for special handling of MAC CE when disabling of HARQ is applied.
2.6 HARQ stalling issue

When HARQ is enabled, HARQ stalling may happen due to large RTT delay. The issue can be alleviated by configuring more HARQ processes. Currently, RAN1 agree to expand HARQ processes to 32. However, it still can not completely avoid HARQ stalling issue especially for GEO case. By the way, the HARQ stalling issue may not be a big issue since the data rate for NR NTN may be considerably smaller than non-NTN case, e.g. hundreds of Mbps.
If HARQ stalling happens, there would be no HARQ processes that UE can use for data transmission/reception. If both UL & DL HARQ stalls, there is no need for UE to keep monitoring PDCCH. Network can directly send a DRX MAC CE to let UE enter DRX off state. No spec impact is foreseen.

If UE enters DRX off state by DRX MAC CE, the HARQ stalling issue may be alleviated after RTT time. The question is whether UE automatically enter DRX active state after RTT time. In our understanding, HARQ with retransmission enabled is only configured for delay tolerant service, UE will enter DRX active state at each DRX cycle, there is no need for UE to wake up after RTT time.

In sum, enhancement for HARQ stalling is not needed. 
Proposal 10: enhancement for HARQ stalling is not needed.
3 Conclusions  

Proposal 1: For HARQ processes where gNB sends grant based on decoding result of previous PUSCH transmission, drx-HARQ-RTT-TimerUL 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).
Proposal 2: For HARQ processes where gNB sends grant without waiting for decoding result of previous PUSCH transmission, drx-HARQ-RTT-TimerUL is not started.
Proposal 3: For dynamic/configured grant, to configure HARQ processes with disabled DL HARQ feedback, introduce a HARQ ID offset, for HARQ IDs above/below the offset, DL HARQ feedback is disabled.
Proposal 4: For dynamic/configured grant, to configure HARQ processes that gNB do not wait for the decoding result of PUSCH, introduce a HARQ ID offset, for HARQ IDs above/below the offset, gNB do not wait for the decoding result of PUSCH.
Proposal 5: For HARQ blind retransmission, start a new timer after PDCCH reception/PUSCH transmission. After the new timer expires, start DRX retransmission timer.
Proposal 6: support autonomous UL retransmission for configured grant, AUL from NR-U can be as a baseline.
Proposal 7: HARQ restriction is introduced to LCP restriction for dynamic/configured grant.
Proposal 8: HARQ restriction for LCP is configured by indicating whether Disabling of HARQ is applied.
Proposal 9: there is no need to configure enabling/disabling HARQ UL retransmission for MAC CE.
Proposal 10: enhancement for HARQ stalling is not needed.
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