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1 Introduction

In RAN2#111e meeting, enabling/disabling HARQ in NTN was discussed, and the following agreements were made [1].

Agreements via email - from offline 107

1. From a RAN2 perspective, for DL, HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner. FFS for UL

In this contribution, we present our understanding of enabling/disabling UL HARQ retransmission for the UL case and further discuss impact of disabling/enabling HARQ on other MAC procedure (e.g. LCP, DRX).
2 Discussion

2.1 Clarification for disabling UL HARQ retransmission
The RTT in NTN is much larger than that in terrestrial NR, in order to enable continuous data transmission and improve UE throughput, one solution is to disable HARQ. Regarding disabling HARQ, it is clarified in TR 38.821 that for DL, it refers to “disabling uplink HARQ feedback for downlink transmission at the UE receiver”, while for UL, it refers to “disabling HARQ uplink retransmission at the UE transmitter”.

In RAN2#111e meeting, disabling HARQ was discussed and the concept is clear for the DL case, but there is still confusion for the UL case.

In NR, whether UE performs UL HARQ retransmission totally depends on network implementation, i.e., UE should follow the NDI indication in UL grant. After PUSCH transmission, UE firstly starts drx-HARQ-RTT-TimerUL for the corresponding HARQ process, and UE starts drx-RetransmissionTimerUL for the corresponding HARQ process upon the expiration of drx-HARQ-RTT-TimerUL. Since UE is not required to monitor PDCCH during the running of drx-HARQ-RTT-TimerUL which covers the UE-gNB RTT, typically network would decide whether to schedule new transmission or retransmission based on PUSCH decoding result. 
Observation 1 In NR, whether UE performs UL HARQ retransmission totally depends on network implementation, and network decides whether to schedule new transmission or retransmission based on PUSCH decoding result.
In our understanding, for UL, the intention of “disabling HARQ uplink retransmission” is to disable UL HARQ retransmission based on PUSCH decoding result in order to avoid HARQ stalling, i.e., it is not to disable the whole UL HARQ retransmission at all. Instead, retransmissions of the TB in a bundle or based on blind scheduling should be supported, in order to lower the residual BLER. 
Proposal 1 RAN2 clarify that for UL, HARQ uplink retransmission based on PUSCH decoding result can be enabled/disabled in NTN.
2.2 Impact of disabling/enabling HARQ on LCP

In NR, if UE receives a UL grant indicating new transmission, UE will perform LCP for all the UL logical channels that have data available for transmission according to the configured priority for each UL logical channel. 
Since enabling / disabling of HARQ retransmission is supported in NTN, how to perform LCP for UL should be studied. In our view, following solutions can be considered.

· Solution (a): For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, allowing data from all LCHs to be mapped to the grant according to priority as legacy.
· Solution (b): For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, allowing data from all LCHs to be mapped to the grant according to an adjusted priority. e.g. for the HARQ process disabling HARQ retransmission, the LCHs sensitive to delay will have higher priority to be mapped to the grant. For the HARQ process enabling HARQ retransmission, the LCHs requiring high reliability will have higher priority to be mapped to the grant.

· Solution (c): For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, only allowing data from partial LCHs to be mapped to the grant. e.g. for the HARQ process disabling HARQ retransmission, only LCHs sensitive to delay are allowed to map to the grant. For the HARQ process enabling HARQ retransmission, only LCHs requiring high reliability are allowed to map to the grant.

Regarding the granularity of enabling/disabling HARQ retransmission, following options have been discussed in RAN2.

· Option 1: configurable per HARQ process

· Option 2: configurable per UE
If enabling or disabling of HARQ retransmission is configured on a per-UE basis, since HARQ retransmission for all the HARQ processes of the UE is enabled or disabled simultaneously, there is no impact on LCP. Thus, solution (a) applies to this case.

If enabling or disabling of HARQ retransmission is configured on a per-HARQ process basis, since HARQ processes with HARQ retransmission enabled and HARQ processes with HARQ retransmission disabled may coexist. Considering different logical channel may have different QoS requirement, e.g. some logical channels are sensitive to delay, while some others require high reliability, LCP restriction is needed. Thus, solution (b) and solution (c) applies to this case.

Observation 2 The need of LCH restriction depends on whether enabling/disabling of HARQ UL retransmission is per-UE or not.
Proposal 2 If enabling/disabling HARQ is configured on a HARQ process basis, introduce LCP restriction. Following solutions could be considered:
· Solution (b)：For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, allowing data from all LCHs to be mapped to the grant according to an adjusted priority.

· Solution (c)：For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, only allowing data from partial LCHs to be mapped to the grant. 
2.3 Impact of disabling/enabling HARQ on DRX
For DRX, the following agreement was made in RAN2#111e meeting.

1. Modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed in Rel-17 NTN.

In this section we mainly focus on the impact of enabling/disabling HARQ on drx-HARQ-RTT-TimerDL/ drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerDL/drx-RetransmissionTimerUL.

DRX operation in NR

In the DL case:

If UE receives a MAC PDU in a configured downlink assignment or if UE receives the PDCCH indicates a DL transmission, the UE stops the drx-RetransmissionTimerDL for the corresponding HARQ process, and starts the drx-HARQ-RTT-TimerDL for the corresponding HARQ process after the transmission carrying the DL HARQ feedback.
If the data of the corresponding HARQ process was not successfully decoded, UE starts the drx-RetransmissionTimerDL for the corresponding HARQ process after the expiry of drx-HARQ-RTT-TimerDL.

In the UL case:

If UE transmits a MAC PDU in a configured uplink grant or if UE receives the PDCCH indicates a UL transmission, the UE stops the drx-RetransmissionTimerUL for the corresponding HARQ process, and starts the drx-HARQ-RTT-TimerUL for the corresponding HARQ process after the PUSCH transmission.
UE starts the drx-RetransmissionTimerUL for the corresponding HARQ process after the expiry of drx-HARQ-RTT-TimerUL.
Impact of enabling HARQ on DRX
In the SI phase, it has been agreed to introduce an offset for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL for the HARQ process with enabled HARQ.
For DL, the configuration of drx-HARQ-RTT-TimerDL can be the same as legacy, and the offset for the start of drx-HARQ-RTT-TimerDL should take into account the propagation delay for ACK/NACK feedback from UE plus PDCCH indicating scheduling a DL retransmission of the UE from network, i.e., a RTD. 

Similarly for UL, the configuration of drx-HARQ-RTT-TimerUL can be the same as legacy, and the offset for the start of drx-HARQ-RTT-TimerUL should consider the propagation delay of PUSCH transmission from UE plus PDCCH indicating a scheduling UL retransmission of the UE from network, i.e., a RTD. 

Observation 3 For a HARQ process with enabled HARQ feedback, the offset for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL depends on RTD between the UE and network.
For the offset for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL, UE could determine the value in following possible ways:

· Option 1: the offset value is configured explicitly by network

· Option 2: the offset is determined by the UE
For both options, the offset value could be determined based on the RTD value of the UE. 
If network does not do any TA compensation, then UE could always be aware of the RTD value, i.e. equal to its TA. In this case, UE’s absolute TA could be used as the offset value, 
If a common TA is compensated at network side, and network does not broadcast this common TA, the UE could not know the actual RTD between UE and gNB. In this case, the offset value should be configured explicitly by network. 
Proposal 3 If network does not do any TA compensation, for a HARQ process with enabled HARQ, use UE’s absolute TA value as the offset for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL. 
Impact of disabling HARQ on DRX
In the DL case:

If HARQ feedback for a DL HARQ process is disabled, there will be no ACK/NACK feedback for PDSCH, and network can schedule DL retransmission blindly. From UE’s point of view, after the UE finishes the PDSCH reception for a HARQ process, the UE should be ready to receive another PDCCH indicating retransmission or new transmisison for the same HARQ process. So when HARQ feedback is disabled for a DL HARQ process, drx-HARQ-RTT-TimerDL does not need to be started since there is no HARQ feedback. In this case, when UE starts drx-RetransmissionTimerDL for the corresponding HARQ process should be studied. There may be two options:
· Option 1: If UE receives a PDCCH indicating a DL transmission, the UE starts drx-RetransmissionTimerDL for the corresponding HARQ process after receiving the PDCCH.

· Option 2: If UE receives a PDCCH indicating a DL transmission, the UE starts drx-RetransmissionTimerDL for the corresponding HARQ process after receiving the PDSCH indicated by the PDCCH.

Observation 4 drx-HARQ-RTT-TimerDL does not need to be started since there is no HARQ feedback.
Proposal 4 For a DL HARQ process with disabled HARQ feedback, RAN2 further discuss when UE starts drx-RetransmissionTimerDL for the corresponding HARQ process.

In the UL case:
In our understanding, for a UL HARQ process with disabled HARQ, gNB can schedule UL retransmission for the HARQ process before receiving PUSCH from UE and decoding the received TB for the corresponding HARQ process. From the UE’s point of view, after the UE finishes the PUSCH transmission for the HARQ process, the UE should be ready to receive another PDCCH indicating retransmission or new transmisson for the same HARQ process. Therefore, UE should directly start drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission. 
Observation 5 drx-HARQ-RTT-TimerUL is not needed if UL HARQ retransmission is disabled.
Proposal 5 For UL HARQ retransmission disabling, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.
3 Conclusion

Based on the discussion above, we made the following observations:

Obervation 1     In NR, whether UE performs UL HARQ retransmission totally depends on network          implementation, and network decides whether to schedule new transmission or retransmission based on PUSCH decoding result.
Obervation 2     The need of LCH restriction depends on whether enabling/disabling of HARQ UL retransmission is per-UE or not.
Obervation 3     For a HARQ process with enabled HARQ feedback, the offset for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL depends on RTD between the UE and network.
Observation 4
drx-HARQ-RTT-TimerDL does not need to be started since there is no HARQ feedback.
Observation 5
drx-HARQ-RTT-TimerUL is not needed if UL HARQ retransmission is disabled.


And propose the following:
Proposal 1      RAN2 clarify that for UL, HARQ uplink retransmission based on PUSCH decoding result can be enabled/disabled in NTN.
Proposal 2      If enabling/disabling HARQ is configured on a HARQ process basis, introduce LCP restriction. Following solutions could be considered:

· Solution (b)：For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, allowing data from all LCHs to be mapped to the grant according to an adjusted priority.

· Solution (c)：For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, only allowing data from partial LCHs to be mapped to the grant. 
Proposal 3       If network does not do any TA compensation, for a HARQ process with enabled HARQ, use UE’s absolute TA value as the offset for the start of drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL. 
Proposal 4       For a DL HARQ process with disabled HARQ feedback, RAN2 further discuss when UE starts drx-RetransmissionTimerDL for the corresponding HARQ process.

Proposal 5       For UL HARQ retransmission disabling, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.
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