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1	Introduction
In RAN2#105 meeting, the NTN user plane timers were discussed including DRX related timers, with agreements as below:
…
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.
…

In RAN2#107bis meeting, it was further agreed that both feedback enabled and disabled for DL data transmission, as well as disable/enable UL data retransmission based on gNB decoding result shall be studied. 
In addition, multiple transmissions of the same TB was agreed to lower the residual BLER, particularly in case HARQ feedback is disabled.
Agreement in R2-1914198:
…
For NTN the network could disable uplink HARQ feedback for downlink transmission at the UE receiver e.g. to support long propagation delays. 
…
For NTN the network could disable HARQ uplink retransmission at the UE transmitter. 
…
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. Soft combining of multiple transmissions according to NR Rel.15 is supported in the receiver. 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 also be useful to lower the residual BLER, particularly in case HARQ feedback is disabled.
In this paper, we discuss the DRX operation impact when HARQ is disabled and multiple transmission of the same TB(without NDI toggling) is enabled, as well as CFRA DRX active time trigger because of long RTT in NTN.


2	Discussion
2.1	Discussion on DRX with Blind Retransmissions
According to TS 38.321, in NR Rel-15, UE starts drx-InactivityTimer whenever UE receives the PDCCH indicates a new transmission(DL or UL). If UE receives the PDCCH indicates a DL transmission then UE should start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback. If the data of the corresponding HARQ process was not successfully decoded, UE should start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
During DRX Active Time, the UE is required to monitor PDCCH, the Active Time includes the time while:
· drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running;
Below figure 1 is one of illustration of DRX operation in DL.
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Figure1: DRX operation for DL in NR
In NTN, for downlink data transmission with HARQ feedback disabled, the UE will not send any feedback with current procedures for the specific DL HARQ process, the drx-HARQ-RTT-TimerDL will not be started. Furthermore, if drx-HARQ-RTT-TimerDL is not started, then it will not expire, and the drx-RetransmissionTimerDL will not be triggered to monitor any downlink retransmissions. 
Observation 1: In downlink data transmission with HARQ feedback disabled in NTN, drx-HARQ-RTT-TimerDL will not be started and the corresponding drx-RetransmissionTimerDL will not be triggered to monitor DL retransmissions.
For UL, in NR Rel-15, if UE receives the PDCCH indicates a UL transmission then UE should start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission; UE should start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
In NTN, the drx-HARQ-RTT-TimerUL will always started after a PUSCH transmission, and the drx-RetransmissionTimerUL is started when the HARQ RTT timer expires, no matter the network disables HARQ uplink retransmission based on gNB decoding result or not.
Observation 2: In uplink data transmission in NTN, drx-HARQ-RTT-TimerUL and corresponding drx-RetransmissionTimerUL will be triggered as NR Rel-15 because HARQ RTT timer is always started after a PUSCH transmission.
As agreed in R2-1914198 during RAN2#107bis meeting, in NTN, the possible (re)transmission schemes including below: 
	Type Number
	(re)transmission schemes 
	Scheme behaviours

	1
	Single transmission only, with HARQ disabled
	HARQ disabled with one-shot data transmission and no retransmission

	2
	Blind retransmission with aggregation factor >1, with HARQ disabled
	Continuous multiple transmissions for one TBS which is NOT based on UE feedback or gNB decoding result

	3
	Blind retransmission with DCI scheduling and no NDI toggling, with HARQ disabled
	Multiple transmissions for one TBS which is NOT based on UE feedback or gNB decoding result, the TTIs to be allocated for retransmission is up to scheduling.

	4
	Legacy HARQ enabled with retransmission 
	With retransmission based on UE feedback or gNB decoding result.



Considering the high RTT in NTN, the expected performance of legacy HARQ (type4) can be summarized as high latency with relatively high reliability while HARQ disabled scheme (type1) is expected as low latency with relatively low reliability. For example, single transmission may not guarantee a reliable reception for a handheld UE in UL even with lower MCS and the spectral efficiency will be degraded with lower MCS. In addition, slot aggregation (type2) is not one optimized solution from the resource usage efficiency and scheduling flexibility perspective because of continuous multiple transmissions. 
For type3, the NDI based blind retransmission can be with the advantage of both scheduling flexibility and efficient use of resource to improve data latency. The blind retransmissions are controlled by network based on blind retransmission scheduling interval requirement in gNB (i.e. gNB can schedules blind retransmission with different interval according to the channel condition, service requirement, as well as the system load etc).
For example, if the data included in the MAC PDU is with strict latency requirement (i.e. small latency), the gNB will schedule the blind retransmission closely after the first transmission, and if the data included in the MAC PDU is with lower latency requirement and the network is with high load, the gNB will schedule the blind retransmission a long time after the first transmission.
Observation 3: NDI based blind retransmission can be with the advantage of both scheduling flexibility and efficient use of resource to improve data latency. NW can schedule blind retransmissions with different interval according to the channel condition, service requirement, as well as the system load etc.

The DRX mechanism in NR Rel-15 is based on legacy HARQ procedure (i.e. retransmission scheme Type4) above (e.g. the drx-HARQ-RTT-TimerDL is started based on HARQ feedback). Obviously, to support NDI based blind retransmission, legacy drx-HARQ-RTT-TimerDL(UL) and drxRetransmissionTimerDL(UL) should be adapted to match adaptive gNB scheduling decision.
Let's take DL for example. In legacy HARQ procedure, drx-HARQ-RTT-TimerDL allows UE to go to sleep during the period waiting for next scheduling for retransmission. The timer should be set to the value at least round-trip delay of the system because gNB will schedule retransmission only after reception of UE feedback. In NTN, for NDI based blind retransmission, the blind retransmissions will not rely on UE feedback anymore. So, it is natural not to start drx-HARQ-RTT-TimerDL timer in this scenario and no modification needed to current specification according to Observation#1.
To re-use drxRetransmissionTimerDL mechanism without RTT timer, one way forward is that gNB informs the retransmission timing dynamically to the UE through DCI. Once the UE receives the DCI for scheduling, gNB will inform UE the time offset to start drx-RetransmissionTimerDL. UE should start DRX retransmission timer after DCI indicated time offset elapses from last PDSCH reception. As shown in Figure2, in DCI#1/#2/#3, gNB indicates time offset T1/T2/T3. UE should start drx-RetransmissionTimerDL after T1/T2/T3 from the timestamp of corresponding PDSCH transmission.
Since the timing offset to start drxRetransmissionTimerDL timer is fully gNB controlled, gNB can balance UE power saving and flexibility requirement of NDI based blind retransmission.

[image: ]
Figure2: DRX operation with dynamic drx-RetransmissionTimer triggering 

Furthermore, in UL, the drx-HARQ-RTT-TimerUL will be triggered as NR Rel-15 because HARQ RTT timer is always started after a PUSCH transmission as stated in Observation#2. To support dynamic drx-Retransmission timer triggering, the trigger of start drx-HARQ-RTT-TimerUL should be updated, with either set timer equal to 0 or disable the UL RTT timer.
Proposal 1: In NTN with NDI based blind retransmission, UE should start drx-RetransmissionTimerDL(UL) based on network scheduling via PDCCH to save UE power consumption and keep scheduling flexibility.
In addition, UE can rely on drx-InactivityTimer to receive blind HARQ retransmission and extends active time based on drx-InactivityTimer [4]. The value of drx-InactivityTimer is expected to sufficiently long to cover the worst blind retransmission case (i.e. the timer should last longer enough to receive all the blind retransmission in time domain). UE will keep in DRX active time to monitor PDCCH during timer running which may bring trouble on UE power consumption. 
To fulfil the flexibility of NDI based blind retransmission as stated in Observation#3, it will be good to have a dedicated drx-InactivityTimer for blind retransmission HARQ process other than the one for legacy HARQ process.
Proposal 2: In NTN with NDI based blind retransmission, to use a dedicated drx-InactivityTimer for blind retransmission HARQ process other than the one for legacy HARQ process will balance UE power consumption and scheduling flexibility.

2.2	Discussion on DRX Active Time trigger in CFRA
When the UE performs CFRA (contention free random access), inactivity timer is not started upon reception of the RAR that completes the CFRA. Thus, the green shaded part below from TS 38.321 ensures the UE to enter Active time and start the monitoring of the PDCCH. That means, the UE will enter Active time and start monitoring the PDCCH immediately after receiving Msg2 (RAR). E.g. UE will enter DRX active time after Point A in Figure3.
38.321 section 5.7: 
When a DRX cycle is configured, the Active Time includes the time while:
-	 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 (as described in clause 5.1.4).
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Figure3: DRX Active Time trigger in CFRA scenario accruing to 38.321
In current cellular deployments, the network will typically not schedule the UE before the granted transmission in the RAR message has been received. Given the RTT of current TN deployment is several ms, it is fine for UE enter Active time and start monitor PDCCH start from Point A. While in NTN, given the RTT is 541ms in GEO and the UE/gNB behaviour is same as legacy, the UE will therefore NOT receive an UL grant (addressed to C-RNTI) until at least RTT ms has elapsed (Point C), even UE is in DRX active time from Point A.
In contribution R2-1913582[3], it was identified the UE will be forced to monitor the PDCCH in vain for RTT ms after sending the PUSCH message as granted in the RAR, and proposed that "RAN2 to acknowledge the need for a relaxed monitoring of PDCCH before the UE enters Active time after sending response to RAR message on PUSCH during CFRA."
To resolve the issue, gNB may include an offset to trigger the start DRX Active time via RAR.
· If the service requires strict latency requirement (i.e. small latency), the RAR indicates a small offset which is less than RTT (i.e. case1 in figure4).
· If the service and handover have no requirement on latency, the RAR indicated the offset equal to RTT to make sure the CFRA is successful. (i.e. case2 in figure4).


[image: ]
Figure4: DRX Active Time trigger in CFRA scenario with RAR offset indicator
One possible question is that: it may not possible for gNB to schedule the UE before the granted transmission in the RAR message has been received (Point B). We think the successful rate of UE performing CFRA can be guaranteed by preamble with enough power level considering no preamble contention in this case. It should be possible for the NW to blindly schedule the UE after the RAR reception point to reduce service latency and interruption time in NTN.
Proposal 3: During CFRA, UE should enter DRX Active time with offset indicated in Random Access Response (RAR) after successful reception of RAR to balance UE power saving and service latency requirement/service interruption requirements as well as system load.  

4	Conclusion
Based on discussion in section 2, We made the following observations and proposals:
Observation 1: In downlink data transmission with HARQ feedback disabled in NTN, drx-HARQ-RTT-TimerDL will not be started and the corresponding drx-RetransmissionTimerDL will not be triggered to monitor DL retransmissions.
Observation 2: In uplink data transmission in NTN, drx-HARQ-RTT-TimerUL and corresponding drx-RetransmissionTimerUL will be triggered as NR Rel-15 because HARQ RTT timer is always started after a PUSCH transmission.
Observation 3: NDI based blind retransmission can be with the advantage of both scheduling flexibility and efficient use of resource to improve data latency. NW can schedule blind retransmissions with different interval according to the channel condition, service requirement, as well as the system load etc.
Proposal 1: In NTN with NDI based blind retransmission, UE should start drx-RetransmissionTimerDL(UL) based on network scheduling via PDCCH to save UE power consumption and keep scheduling flexibility.
Proposal 2: In NTN with NDI based blind retransmission, to use a dedicated drx-InactivityTimer for blind retransmission HARQ process other than the one for legacy HARQ process will balance UE power consumption and scheduling flexibility.
Proposal 3: During CFRA, UE should enter DRX Active time with offset indicated in Random Access Response (RAR) after successful reception of RAR to balance UE power saving and service latency requirement/service interruption requirements as well as system load.  
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