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1 Introduction

In this contribution, we will address the remaining issues related to HARQ retransmission state(enable/disable).
2 Discussion
2.1 DRX
2.1.1 Dynamic grant
Whether to start drx-RetransmissionTimerUL/DL

In last RAN2 meeting, two HARQ state are defined:


-
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.

For HARQ state B, it is FFS whether to start drx-RetransmissionTimerUL for blind UL retransmission. If DRX retransmission timer is not started, the blind retransmissions have to be scheduled when DRX inactivity timer is running. Since retransmission scheduling will not restart the DRX inactivity timer, the number of blind retransmissions can be scheduled during inactivity timer will be limited, especially when time diversity is applied in retransmission scheduling or when radio is overloaded. Some companies indicate that if network doesn’t want to schedule blind retransmission, starting drx-RetransmissionTimerUL will cause UE monitoring PDCCH unnecessarily. However, typically the inactivity timer length is larger than DRX retransmission timer. Although DRX retransmission timer is started, it falls into the time window of DRX inactivity timer, it will not cause UE additionally monitor PDCCH.
Proposal 1 For HARQ state B, drx-RetransmissionTimerUL is restarted.
Similar to the discussion of drx-RetransmissionTimerUL, for drx-RetransmissionTimerDL, if DL HARQ feedback is disabled, drx-RetransmissionTimerDL is also restarted.

Proposal 2 For the case DL HARQ feedback is disabled, drx-RetransmissionTimerDL is restarted.
When to start drx-RetransmissionTimerUL/DL

Regarding when to start drx-RetransmissionTimerUL, there are two options:

Option 1: start the DRX retransmission timer in the first symbol after the end of the PDCCH reception.
Option 2: start the DRX retransmission timer in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.

For UL grant, RAN1 has the conclusion that:

	For the sentence “The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.” in TS 38.214 Clause 6.1,

The common understanding is that the DCI is expected to be received after the end of the last PUSCH.


It means that UE will not receiving another UL grant before the end of PUSCH transmission. As such, option 1 unnecessarily ask UE to monitor the PDCCH earlier. 
Proposal 3  Start the drx-RetransmissionTimerUL in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
For DL scheduling, RAN1 has the following agreement:
	Agreement:
Confirm the previous working assumption for  X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process.


Based the above agreement, the start drx-RetransmissionTimerDL have two options:

Option 1: start the DRX retransmission timer in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH.
Option 2: start the DRX retransmission timer in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH plus X (X = T_proc,1).
Proposal 4 RAN2 to discuss which option to adopt for the start of drx-RetransmissionTimerDL:

a. Option 1: start the drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH.

b. Option 2: start the drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH plus X (X = T_proc,1).
Naming of HARQ state
In last meeting, it is FFS whether "HARQ state A" and "HARQ state B" should be renamed. In our view, the name of HARQ state A and B is not straight forward for people to understand, leading to low readability of the standard. We suggest to rename HARQ state based on its meanings, similar to the naming of DL downlinkHARQ-FeedbackDisabled: RetransmissionBasedOnDecodeResult and RetransmissionNotBasedOnDecodeResult
Proposal 5 Rename HARQ state A and B as RetransmissionBasedOnDecodeResult and RetransmissionNotBasedOnDecodeResult.
2.1.2 Configured grant/SPS
drx-HARQ-RTT-TimerUL/DL
For drx-HARQ-RTT-TimerUL/DL for CG/SPS, the same behaviour as DG can be adopted:

Proposal 6 RAN2 to agree that the following agreement adopted for CG also applies for CG/SPS case:

a. For HARQ processes with DL HARQ feedback disabled, drx-HARQ-RTT-TimerDL is not started.

b. For HARQ processes with UL HARQ retransmission not based on decode result, drx-HARQ-RTT-TimerUL is not started.
drx-RetransmissionTimerUL/DL
For drx-RetransmissionTimerUL/DL, for CG/SPS, the same behaviour as DG can be adopted:
Proposal 7 RAN2 to agree that the following agreement adopted for CG also applies for CG/SPS case:

a. For HARQ processes with UL HARQ retransmission not based on decode result, start the drx-RetransmissionTimerUL in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.

b. For HARQ processes with DL HARQ feedback disabled:

i. Option 1: start the drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH.

ii. Option 2: start the drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH plus X (X = T_proc,1).
2.2 HARQ
Whether HARQ retransmission state is per HARQ process or not for CG/SPS
For dynamic grant, RAN2 has decided to configure UL HARQ retransmission state per HARQ process. It is FFS whether it applies to configured grant. There are two options:

Option 1:  UL HARQ retransmission state is configured per configured grant

Option 2: UL HARQ retransmission state is configured per HARQ process

For each configured grant, the associated HARQ ID pool are separately configured. Option 1 means that UL HARQ retransmission state is configured per HARQ ID pool, i.e. coarser granularity than option 2. However, coarser granularity can not save signalling. Because 32 bits are always needed for indicating UL HARQ retransmission state for dynamic grant since it needs to accommodate that case that all the 32 HARQ processes are configured for DG. And this 32bits work for DG and CG at the same time. Thus, using option 2 has finer granularity but no extra signalling overhead than option 1. 

Proposal 8 For configured grant, UL HARQ retransmission state is configured per HARQ process.

Similarly, For SPS, downlink HARQ state (i.e. downlink HARQ Feedback Disabled or not) is also suggested to be configured per HARQ process. 

Proposal 9 For SPS, DL HARQ retransmission state (i.e. DL HARQ Feedback disabled or not) is configured per HARQ process.

2.3 LCP

For DG, RAN2 agreed that each LCH can be optionally mapped to an UL HARQ retransmission state via semi-static RRC configuration. We need to discuss whether it applies to CG. If UL HARQ retransmission state is agreed to be configured per HARQ process for CG, then HARQ retransmission state configuration is not related to DG/CG, thus LCH to HARQ state mapping should be agnostic to DG/CG. 
Proposal 10 The same configuration of LCH to UL HARQ retransmission state mapping applies to DG and CG.

2.4 Configured grant

Whether to extend configured grant timer
For a HARQ process configured with configured grant, since there is no ACK feedback from the gNB, UE needs to know when the HARQ process can use the configured grant to transmit new data again. Thus, configuredGrantTimer is introduced per HARQ process, while the timer is running, no new data using configured grant can be transmitted on this process. configuredGrantTimer denotes the maximum time that UE wait for retransmission scheduling.
The configuredGrantTimer, if configured, is started or restarted when the corresponding HARQ process receives a dynamic grant indicated by C-RNTI/ CS-RNTI and when the HARQ process performs a transmission according to the dynamic grant. This is to ensure enough retransmission chances for ongoing transmissions.
When UL HARQ retransmission is based on decode result for configured grant, configuredGrantTimer needs to consider the UE-gNB RTT for receiving retransmission scheduling. According to the current specification, the unit of configuredGrantTimer is in multiples of periodicity, the value range is 1-64. To ensure that the HARQ process is able to receive re-scheduling, the periodicity of configured grant will take into account the UE-gNB RTT. For example, if the number of HARQ for this configured grant is 5, the UE-gNB RTT is 1 second. The periodicity of configured grant should be at least UE-gNB RTT/ nrofHARQ-Processes = 1/5 = 200ms. Otherwise, when the HARQ ID recurs, retransmission scheduling is still not available. Thus, configuredGrantTimer = (1..64)*periodicity >= (1..64)* UE-gNB RTT/ nrofHARQ-Processes. Given nrofHARQ-Processes <= 32. The current value range of configuredGrantTimer can ensure multiple of UE-gNB RTT. 
Proposal 11 For HARQ processes with UL HARQ retransmission not based on decode result, the value range of configuredGrantTimer is not needed to be extended by offset.

Whether to support AUL

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.

If UL HARQ retransmission is not based on decode result, gNB may blindly schedule the UE, it will cause a lot of PDCCH overhead. 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 12 RAN2 to discuss whether to support AUL for NTN.

Proposal 13 If AUL is supported for NTN, NR-U AUL is as baseline.

3 Conclusions  

Proposal 1 For HARQ state B, drx-RetransmissionTimerUL is restarted.
Proposal 2 For the case DL HARQ feedback is disabled, drx-RetransmissionTimerDL is restarted.
Proposal 3 Start the drx-RetransmissionTimerUL in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
Proposal 4 RAN2 to discuss which option to adopt for the start of drx-RetransmissionTimerDL:

a. Option 1: start the drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH.

b. Option 2: start the drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH plus X (X = T_proc,1).
Proposal 5 Rename HARQ state A and B as RetransmissionBasedOnDecodeResult and RetransmissionNotBasedOnDecodeResult.
Proposal 6 RAN2 to agree that the following agreement adopted for CG also applies for CG/SPS case:

a. For HARQ processes with DL HARQ feedback disabled, drx-HARQ-RTT-TimerDL is not started.

b. For HARQ processes with UL HARQ retransmission not based on decode result, drx-HARQ-RTT-TimerUL is not started.
Proposal 7 RAN2 to agree that the following agreement adopted for CG also applies for CG/SPS case:

a. For HARQ processes with UL HARQ retransmission not based on decode result, start the drx-RetransmissionTimerUL in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.

b. For HARQ processes with DL HARQ feedback disabled:

i. Option 1: start the drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH.

ii. Option 2: start the drx-RetransmissionTimerDL in the first symbol after the end of the reception of the last PDSCH or slot-aggregated PDSCH plus X (X = T_proc,1).
Proposal 8 For configured grant, UL HARQ retransmission state is configured per HARQ process.

Proposal 9 For SPS, DL HARQ retransmission state (i.e. DL HARQ Feedback disabled or not) is configured per HARQ process.

Proposal 10 The same configuration of LCH to UL HARQ retransmission state mapping applies to DG and CG.

Proposal 11 For HARQ processes with UL HARQ retransmission not based on decode result, the value range of configuredGrantTimer is not needed to be extended by offset.

Proposal 12 RAN2 to discuss whether to support AUL for NTN.

Proposal 13 If AUL is supported for NTN, NR-U AUL is as baseline.
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