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1 Introduction
In RAN2#105 meeting, the user plane timers were discussed and the following agreements are made.
Agreements

 1:
The two principles, increasing the value range and applying a RTD compensation offset, and the joint usage of these two principles are used as a starting point for the discussion on how to adapt the user plane timers, impacted by the large RTD of NTN, for NTN. Which principle is applied is examined for each timer separately. Further principles are not excluded. 

2: 
The ra-ResponseWindow should be modified to support NTN.

3: 
Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios.

4: 
RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is needed to support NTN.

5: 
The ra-ContentionResolutionTimer should be modified to support NTN.

6:
Introduce an offset for the start of the ra-ContentionResolutionTimer for NTN.
7:
A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed to support NTN.

8:
If HARQ is supported by NTN, the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, should be modified to support NTN.

9: 
FFS is if HARQ is supported by NTN whether the value range of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL should be extended to support NTN or an offset is added.  

10: 
A modification of drx-RetransmissionTimerDL and drx-RetransmissionTimerDL is not needed to support NTN.
11:
The sr-ProhibitTimer should be modified to support NTN.

12:
The value range of sr-ProhibitTimer should be extended to support NTN.

13: 
If HARQ is supported by NTN, the timer t-Reassembly should be modified to support NTN.

14: 
If HARQ is supported by NTN, the value range of t-Reassembly should be extended to support NTN.

The following assumptions will be taken as a baseline and can be revisited if new performance and QoS requirements are defined:

15: 
A modification of the t-PollRetransmit timer value may not needed to support NTN.

16: 
A modification of the t-statusProhibit timer value may not needed to support NTN.

17: modification of the discardTimer value should be studied.

18: timer t-Reordering 

In addition, disabling HARQ in NTN was discussed, and the following agreements were made in RAN2#107 meeting.
Agreements

1. Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Enhancements, if any, are up to RAN1 to discuss.

2
Soft combining of multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 is supported in the receiver. 

3
Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink, this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission.

4
Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.  

5
It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 

6
The enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling. 

In this paper, we discuss the DRX operation when HARQ feedback is enabled and disabled, respectively.
2 Discussion
DRX operation in NR

DRX is configured for controlling the UE’s PDCCH monitoring behaviour. It is configured per MAC entity and when it is configured, MAC entity may monitor the PDCCH discontinuously based on the DRX operation. Otherwise, the MAC entity shall monitor the PDCCH continuously.

During DRX Active Time, the UE is required to monitor PDCCH. When a DRX cycle is configured, the Active Time includes the time while (TS 38.321):

· drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running; or
· a Scheduling Request is sent on PUCCH and is pending; or
· a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble.
Observation 1 During DRX active time, the UE is required to monitor PDCCH. 

According to TS 38.321, the DRX operation in the case of UL scheduling and DL scheduling is shown in figure 1 and figure 2, respectively.
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Figure 1 DRX operation in the case of UL scheduling
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Figure 2 DRX operation in the case of DL scheduling
For drx-onDurationTimer, UE starts drx-onDurationTimer periodically depending on the configuration of DRX cycle and the start offset.

For drx-InactivityTimer, UE starts drx-InactivityTimer whenever UE receives the PDCCH indicates a new transmission for DL or UL.
For drx-RetransmissionTimerUL, the starting and stopping condition are as following:

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 start 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.

For drx-RetransmissionTimerDL, the starting and stopping condition are as following:

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 start 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.
Impact of disabling HARQ on DRX
According to the RAN2 agreements, if HARQ feedback is disabed there is no UL feedback for DL transmission, but blind HARQ (re)transmissions are still possible to improve robustness. In other words, for DL, network can schedule DL retransmission for a HARQ process independent of ACK/NACK feedback for the corresponding HARQ process from UE, and for UL, gNB can schedule UL retransmission for a HARQ process before receiving PUSCH from UE and decoding the received TB for the corresponding HARQ process. 

Obviously, there is no impact on drx-onDurationTimer and drx-InactivityTimer when HARQ feedback is disabled.
Observation 2 There is no impact on drx-onDurationTimer and drx-InactivityTimer if HARQ is disabled.
Based on the current DRX operation, after PUSCH transmission, UE firstly starts drx-HARQ-RTT-TimerUL for the corresponding HARQ process. After the expiry of drx-HARQ-RTT-TimerUL, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process. drx-HARQ-RTT-TimerUL is the minimum duration before an uplink grant for HARQ retransmission is expected by the MAC entity, so UE doesn’t monitor PDCCH during the running of drx-HARQ-RTT-TimerUL. 

When HARQ feedback is disabled for UL, gNB can schedule UL retransmission for a HARQ process before receiving PUSCH from UE and decoding the received TB for the corresponding HARQ process. For UE, once it finishes the PUSCH transmission for a HARQ process, the UE may receive another PDCCH indicating retransmission for the same HARQ process, so UE should directly starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission. 
Observation 3 drx-HARQ-RTT-TimerUL is not needed if HARQ is disabled.
Proposal 1 For UL HARQ disabling, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.
When HARQ feedback is disabled, there is no feedback for PDSCH, and network can schedule DL retransmission for a HARQ process without the feedback for the corresponding HARQ process. For a UE, once it finishes the PDSCH revceiving for a HARQ process, the UE may receive another PDCCH indicating retransmission for the same HARQ process. So if HARQ feedback is disabled for DL, drx-HARQ-RTT-TimerDL will not be started since there is no HARQ feedback, and when UE starts drx-RetransmissionTimerDL for the corresponding HARQ process should be studied.
Observation 4 drx-HARQ-RTT-TimerDL will not be started since there is no HARQ feedback
Proposal 2 For DL HARQ disabling, RAN2 further discusses when UE starts drx-RetransmissionTimerDL for the corresponding HARQ process.
drx-HARQ-RTT configuration with enabled HARQ in LEO

As highlighted in the agreements in RAN2#105 above, it has been agreed that:

· For drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, if HARQ is supported by NTN, whether the value range of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL should be extended to support NTN or an offset is added.
If HARQ feedback is enabled by NTN, the configuration of drx-HARQ-RTT-TimerDL or the offset for the start of drx-HARQ-RTT-TimerDL should consider the propagation delay for ACK/NACK feedback from UE plus PDCCH indicating scheduling a DL retransmission of the UE from network, and the configuration of drx-HARQ-RTT-TimerUL or 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. In other words, the configuration of these two timers or the offset for the start of these timers depends on the RTD between the UE and network.

Observation 5 If HARQ is supported in NTN, the configuration of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL or the offset for the start of the two timers depend on RTD between the UE and network.
In NR, the cell coverage is small, so the RTD between UE and network is relatively small, and the RTD changes slowly. In NTN, the maximum RTD is much larger than that in the terrestrial NR case. 

In addition, satellites in non-GEO orbits move with high speed relative to a fixed position on earth, and UE speeds up to 1000 km/hr are considered in NTN. Due to the high speed motion of non-GEO satellites and the UE, RTD between UE and network changes frequently, which will lead to frequent reconfiguration of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL or the offset for the start of these two timers. 

For these timers, if the timers or the offset for the start of these timers are configured in terms of an absolute value, the following issue may be foreseen:

· The frequent change of these parameters requires large signalling overhead.

· The large propagation delay of the signalling makes these parameters cannot be updated timely.

Observation 6 In non-GEO scene, frequent change of RTD leads to frequent reconfiguration of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL .
In our opinion, there are some possible method for the configuration of these timers or the offset for the start of the timers.

· Option 1: An adjustment of length/offset of the two timers are configured by RRC signalling.

· Option 2: The absolute values of length/offset of two timers are indicated in PDCCH.

For option 1, network may determine the adjustment periodicity and the adjustment step based on the moving speeds and the moving directions of the UE and satallite, then network configures the adjustment to the UE. And UE updates length / offset of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerDL as configured. In this way, network does not need to update the configuration of the timers or the offset for the start of the timers so frequently.

For option 2, considering that drx-HARQ-RTT-TimerDL is only used when UE receives PDCCH indicating DL scheduling of the UE, and drx-HARQ-RTT-TimerUL is only used when UE receives PDCCH indicating UL scheduling of the UE. Network can inform UE the real-time value of drx-HARQ-RTT-TimerDL via PDCCH indicating DL scheduling of the UE, and inform UE the real-time value of drx-HARQ-RTT-TimerUL via PDCCH indicating UL scheduling of the UE.  
Proposal 3 If feedback-based HARQ can still be configured for NTN, RAN2 studies how to adapt the length/offset of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
3 Conclusion

Based on the discussion we make the following observation:

Observation 7 During DRX active time, the UE is required to monitor PDCCH.
Observation 8 There is no impact on drx-onDurationTimer and drx-InactivityTimer if HARQ is disabled.
Observation 9 drx-HARQ-RTT-TimerUL should be configured to zero if HARQ is disabled. 

Observation 10 drx-HARQ-RTT-TimerDL will not be started since there is no HARQ feedback.
Observation 11 If HARQ is supported in NTN, the configuration of drx-HARQ-RTT-TimerDL and drx-  HARQ-RTT-TimerUL or the offset for the start of the two timers depend on RTD between the UE and serving satellite.
Observation 12 In non-GEO scene, frequent change of RTD leads to frequent reconfiguration of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL .

And we propose the following:
Proposal 1
For UL HARQ disabling, UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.
Proposal 2
For DL HARQ disabling, RAN2 further discusses when UE starts drx-RetransmissionTimerDL for the corresponding HARQ process.
Proposal 3
If feedback-based HARQ can still be configured for NTN, RAN2 studies how to adapt the length/offset of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
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