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Introduction
The DRX framework in LTE is agreed to be used as a baseline in NR and additional agreements providing more details were made in RAN2#97bis. However, the relation between DRX and asynchronous HARQ was not discussed. In LTE asynchronous HARQ is used in DL but only used for specific services in uplink. In NR, asynchronous HARQ is agreed to be used in both downlink and uplink for all traffic scenarios. In this document we discuss the DRX framework for NR when using asynchronous HARQ in both DL and UL. 
Discussion
Agreements in RAN1:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· All UEs should support K2≥1 with exact values for K2 FFS
· Some UEs may support K2=0 (FFS conditions)
Background
Figure 1 shows the DRX operation example after the UL data transmission with asynchronous HARQ in LTE Release 13. After a UL data transmission using a UL HARQ process, a UL HARQ RTT timer is started for the UL HARQ process. The UE need not monitor the DCI for the UL HARQ process, which means the UE can sleep during the UL HARQ RTT timer running if there is no other activity for the UE. When the UL HARQ RTT timer expires, the UE starts drx-ULRetransmissionTimer for the UL HARQ process. When this timer is running, the UE monitors PDCCH for retransmissions. If the UE detects PDCCH when drx-ULRetransmissionTimer is running, the timer is stopped. Otherwise, if the drx-ULRetransmissionTimer expires and no other DRX timers are running, the UE will stop monitor PDCCH and not be reachable until the next valid onDuration period. The operation in the downlink is quite similar.
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[bookmark: _Ref477881978]Figure 1 DRX operation after the last UL data transmission
In LTE, the fixed timing relations for the HARQ transmissions impose a delay regardless if downlink or uplink data transmissions are considered. To allow for energy saving during retransmissions for the UE when entering DRX, i.e. when the drx-InactivityTimer has expired, the use of HARQ RTT timers enables the UE to know when to not monitor the downlink for retransmissions and when to start monitoring the DL, see illustration in Figure 2. 
When asynchronous HARQ is used in the downlink, there is still a fixed delay for when to transmit the HARQ acknowledgement and a need for the DL HARQ RTT timer and the drx-RetransmissionTimer to control how long the UE should keep monitoring the DL for a retransmission to allow for energy savings in the UE.
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[bookmark: _Ref477161774]Figure 2 Illustration of the timing relations for HARQ in DL LTE
DRX in NR with Asynchronous HARQ
The agreement of using asynchronous HARQ in both downlink and uplink in NR, together with the agreements from RAN1 on the minimum supported timing for the HARQ feedback and retransmissions, the timing relations will be different in NR compared to LTE. The support of the shorter timing relations for both the HARQ Ack/Nack transmissions and possible retransmissions will diminish the need of both the uplink and downlink HARQ RTT timer. Also, using a HARQ RTT timer in NR will remove the benefit of having this dynamically indicated in the DCI and instead impose a restriction in the scheduling with a possible delay as result. The use of the drx-InactivityTimer together with the short Ack/Nack timing relations of the next, or even the same slot, will for most cases result in that most retransmissions are taking place before the drx-InactivityTimer has expired, i.e. the UE is monitoring the PDCCH triggered by another HARQ process. In Figure 3 it is illustrated how a downlink transmission could look like using asynchronous HARQ processes and shorter HARQ Ack/Nack timing. A HARQ RTT timer placed in the figure, with a time adapted to the timing relations in NR, would expire before the drx-InactivityTimer expires. It should be noted that an even more stringent timing relations for the feedback could be used than what is illustrated in Figure 3 given the agreements made by RAN1. A removal of the HARQ RTT timers would also result in a less complex DRX process in both the UE and the network. The cost of removing the HARQ RTT timers is that the UE would monitor the PDCCH during the eNBs processing time after receiving the feedback or uplink transmission, a processing time that is considered as very short in NR.
The need of the DL HARQ RTT timer is diminished in NR and if used, it would impose a scheduling restriction and possible delay.
The same observations can be made for an uplink asynchronous transmission since similar timing relation apply for the grant.
The need of the UL HARQ RTT timer is diminished in NR and if used, it would impose a scheduling restriction and possible delay.
The removal of the DL HARQ RTT timer in NR would result in a less complex DRX process in both the UE and the network.
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[bookmark: _Ref477163350]Figure 3 Illustration of the timing relations for HARQ in asynchronous DL NR
It is seen in Figure 3 that the need of the DL HARQ RTT timer for a NR configured UE is diminished. In LTE the expiry of the DL HARQ RTT timer triggers the start of the drx-RetransmissionTimer. If the DL HARQ RTT timer is removed for the downlink HARQ process, the drx-RetransmissionTimer should be started in the slot after the assigned slot to be used for transmitting the HARQ feedback to the network.
For the uplink asynchronous transmissions, the expiry of UL HARQ RTT timer in LTE triggers the start of the drx-ULRetransmissionTimer. In NR, the start of the drx-ULRetransmissionTimer for the corresponding HARQ process should be done in the slot after the last uplink slot assigned in the Grant of the corresponding PUSCH transmission.
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In a traffic scenario with voice traffic, the drx-InactivityTimer is usually configured with a very short duration. Given that the inactivity timer is only restarted at the reception of new data and that the drx-RetransmissionTimer is started as proposed above, Figure 4 illustrates that even with a very short inactivity timer the UE maintains reachable. A sparser scheduling could be considered resulting in that the inactivity timer would expire and that the eNB scheduler needs to be aware of the UE drx-RetransmissionTimers, i.e. very much similar to the functionality with the HARQ RTT timers in LTE. The scheduler constraints could be controlled by the duration of the drx-RetransmissioonTimer at the cost of energy consumption in the UE.
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[bookmark: _Ref478112261]Figure 4 Illustration of short inactivity timer without HARQ RTTs
Optimization for the last UL transmission
After each UL transmission the UE monitors DCI for indication of retransmission or new transmission, see Figure 1. It can be concluded that the UE keeps active for PDCCH monitoring when there is no HARQ feedback for the last UL data transmission. The only benefit to provide a HARQ feedback for the last data transmission is that if the drx-InactivityTimer has expired, the UE can stop the drx-ULRetransmissionTimer before it would otherwise expire and enter DRX earlier. However, it can be easily concluded that the benefit of the UE power consumption is rather minor if the drx-ULRetransmissionTimer is set to a small value. Additionally, the cost is rather high to transmit a signal specially for HARQ feedback for the last UL data transmission. For normal operation there is therefore no need to specify a specific HARQ feedback signal for the UE to be able to enter DRX early. Instead, the UE shall monitor DCI to schedule the retransmission for certain period, as in LTE.
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We propose:
[bookmark: _GoBack]Proposal 1	The DL HARQ RTT timer in LTE is not used in NR.
Proposal 2	The UL HARQ RTT timer in LTE is not used in NR.
Proposal 3	The NR UE shall start the drx-RetransmissionTimer and start monitor the PDCCH in the slot assigned for sending the HARQ feedback to the network.
Proposal 4	The NR UE shall start the drx-ULRetransmissionTimer and start monitor the PDCCH in the last slot of the corresponding PUSCH transmission assigned in the grant.
Proposal 5	There is no need to specify an optimized mechanism for monitoring of DCI after the last UL transmission.



	4/4	
image4.emf
subframe: 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2

eNB DL 1 2 3 4 5 6 4 5 7 4 7 7

eNB UL A1A2A3N4N5A6N4A5N7A4N7 A7

UE UL A1A2A3N4N5A6N4A5N7A4N7 A7

UE DL 1 2 3 4 5 6 4 5 7 4 7 7

= drx-InactivityTimer

4 4

5

"X" = drx-RetransmissionTimers 7 7


image1.png
Last UL data TX DRX operation starts if no scheduling when UL

- drx-UlRetransmissionTimer is running
UE

! T Time

UL HARQRTT Timer running drx-UIRetransmissionTimer running




image2.emf
subframe: 012345678901234567890123456789012

1ms

eNB DL 1234567 7 7

eNB UL

N7 N7 A7

UE UL

A1 … N7 N7 A7

UE DL 1234567 7 7

= drx-InactivityTimer

= HARQ RTT / drx-RetransmissionTimer

= HARQ RTT / drx-RetransmissionTimer

= PDCCH/DL data = PDCCH/Retransmission

Nx

= NACK

Ax

= ACK


image3.emf
subframe: 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3

eNB DL 1 2 3 4 5 6 4 5 7 4 7 7

eNB UL A1A2A3N4N5A6N4A5N7A4A7 A7

UE UL A1A2A3N4N5A6N4A5N7A4A7 A7

UE DL 1 2 3 4 5 6 4 5 7 4 7 7

drx-InactivityTimer


