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Introduction
The DRX framework in LTE is agreed to be used as a baseline in NR and agreements providing more details have been made at several RAN2# meetings. In RAN2#99, it was decided:
Agreements:
1.	The unit of Onduration and drx-inactivity is numerology independent and based on ms.  The minimum value can be less than 1ms.  The values are FFS.
2.	The long and short DRX cycles should be in ms.  
3.	FFS if HARQ RTT can or should be derived from dynamically signalled K parameters over DCI or if HARQ RTT is configured by RRC 
4.	HARQ RTT and DL/UL retransmission timers are dependent on numerology of corresponding scheduled transmission (FFS whether it is PDCCH/PUSCH/PDSCH).  The actual unit is FFS (e.g. PDCCH monitoring occasions, number of slots/PDCCH slots, ms (last resort), etc.)
5.   As in LTE, include functionality related to the MAC CEs DRX Command and Long DRX Command

It was further decided in RAN299bis
Agreements 
1	DL/UL HARQ RTT timer is kept and is configured by RRC.  Time unit is in ms.  Values are FFS and zero is an allowed value.  
2	DL HARQ RTT timer is started after PUCCH transmission 
3	UL HARQ RTT timer is started after PUSCH transmission.  FFS whether it is the last PUSCH transmission of a bundle
4 	Like in LTE, the drx-RetransmissionTimerDL is started when drx-HARQ-RTT-TimerDL expires 
5	Like in LTE, the drx-RetransmissionTimerUL is started when drx-HARQ-RTT-TimerUL expires 
6	UE starts or restart drx-InactivityTimer when it receives a PDCCH indicating a new transmission as in LTE


In this document, we discuss the DRX framework for NR when using asynchronous HARQ in both DL and UL and a few other DRX related issues. This document also includes some RAN1 agreements and observations relevant for the HARQ RTT discussion together with a proposal for the ASN.1 encoding for the drx-RetransmissionTimers. 
Discussion

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 that UL HARQ process, which means the UE can sleep during the UL HARQ RTT timer if there is no other activity for the UE (e.g. activity on other HARQ processes). When the UL HARQ RTT timer expires, the UE starts drx-RetransmissionTimerUL for the UL HARQ process. When this timer is running, the UE monitors PDCCH for retransmissions. If the UE detects PDCCH when drx-RetransmissionTimerUL is running, the timer is stopped. Otherwise, if the drx-RetransmissionTimerUL expires and if no other DRX timers are running, the UE may 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 drx-RetransmissionTimer
The time unit of PDCCH subframes for the drx-RetransmissionTimer in LTE is not adequate in NR.  Due to short processing times and multiplexing of numerologies the time unit of this timer need to reflect the slot length used to transmit the original transport block. 
[bookmark: _Toc494234962][bookmark: _Toc494359767][bookmark: _Toc494381223][bookmark: _Toc494410885][bookmark: _Toc498002364][bookmark: _Toc498002890][bookmark: _Toc498411752][bookmark: _Toc498635628][bookmark: _Toc498642903]The unit of time used for the both the UL and DL drx-RetransmssionTimer is the slot length, slt, used for the original transport block

drx-RetransmissionTimerDL			ENUMERATED {
												slt0, slt1, slt2, slt4, slt6, slt8, slt16,
												slt24, slt32, slt40, slt64, slt80, slt96,
												slt112, slt128, slt160, slt320, spare15,
												spare14, spare13, spare12, spare11,
												spare10, spare9, spare8, spare7,
												spare6, spare5, spare4, spare3,
												spare2, spare1},

drx-RetransmissionTimerUL			ENUMERATED
												slt0, slt1, slt2, slt4, slt6, slt8, slt16,
												slt24, slt32, slt40, slt64, slt80, slt96,
												slt112, slt128, slt160, slt320, spare15,
												spare14, spare13, spare12, spare11,
												spare10, spare9, spare8, spare7,
												spare6, spare5, spare4, spare3,
												spare2, spare1},
drx-ShortCycleTimer
The drx-ShortCycleTimer configures the UE with the number of times the Short DRX cycle is repeated before entering the Long DRX cycle. We see no reason to change this timer in NR.
			drxShortCycleTimer					INTEGER (1..16)
		

[bookmark: _Toc498002892][bookmark: _Toc498411754][bookmark: _Toc498635629][bookmark: _Toc498642904]Reuse the LTE drx-ShortCycleTimer and its value range in NR
Start of drx-onDurationTimer and drx-InactivityTimer
The drx-InactivityTimer is controlling the reachability of an active mode UE where the trade-off is consumed energy. Keeping the UE in active mode will reduce any delay of reaching the UE for transmitting UL or DL Data PDUs and at the same time reduce some signalling.
The onDurationTimer is similar, it also controls the reachability but the probability of packet arrivals is less when the drx-InactivityTimer has expired and there by allow this timer to be shorter than the drx-InactivityTimer allowing the UE to leave active mode more quickly and save energy.
Some services in NR will be similar as in LTE i.e. web, VoIP, (e)MBB etc. and the interarrival times of IP packets, TCP acks etc. will be the same and the need for a really short drx-InactivityTimer or onDuration in the order of symbol durations will not be needed regardless of the numerology used, i.e. when slot durations with < 1ms are used.
Other services that will be possible in NR are delay critical services such as Ultra-Reliable Low Latency Communication, URLLC, which will benefit from the short slot durations and mini slots offered by NR. But even more for URLLC services, the NW and the UE are dependent on the reachability to secure the low latency requirement. Also, URLLC is not likely a service that will be energy limited i.e. it will typically have a power supply and therefore no need for extreme power saving features and nor will this type of services benefit from really short onDuration and drx-InactivityTimer values in the order of symbol durations. 

The duration of the drx-InactivityTimer and onDurationTimer in the order of symbols are not needed.

In LTE, the following equations define when to start the drx-onDurationTimer and consequently enter active time:
For Short DRX cycle: 
[(SFN * 10) + subframe number] modulo (drx-ShortCycle) = (drxStartOffset) modulo (shortDRX-Cycle)	(1)
For Long DRX cycle: 
[(SFN * 10) + subframe number] modulo (drx-LongCycle) = drxStartOffset:		(2)

[bookmark: _Toc498635630][bookmark: _Toc498642905]Reuse the LTE equations for calculating when to start the onDurationTimer for NR.
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[bookmark: _Ref498518205][bookmark: _Ref498518199]Figure 2 Start of onDuration in LTE
If the onDurationTimer is allowed to be configured with a value less than 1ms, the existing calculations will force the UE to always be active in the first part of a subframe, see Figure 2. This is an unwanted behaviour since it may make slots at the end of a subframe to be unmonitored. To allow for a UE to monitor only the last or middle slots of a subframe, we need to modify the existing calculation and add at what slot the UE should start to monitor the PDCCH. 
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Figure 3 Possible start of the onDurationTimer when different slot durations are used

There is no agreement on slot numbering in RAN1 and is therefore no trivial upgrade on these calculations with a slot number equivalent to the subframe number in the existing calculation.
One way of doing this could be to just add an offset parameter on the number of slots for which the UE should wait before starting to monitor the PDCCH when the equation of starting the onDuration is fulfilled. I.e. if the UE is configured with a numerology with slot length of (1/x)ms (x = {1, 2, 4, 8, 16, 32} then  add an offset of y slot periods to the start of the onDuration subframe where y = 0, 1,2,3..31 but y < x. 
The ASN.1 encoding could be a single parameter called drx-SlotOffset where the configured value would need to match the numerology configured for the UE, see proposal below.
drx-SlotOffset			ENUMERATED{
												slt0, slt1, slt2, slt3, slt4, slt5, slt6,
												slt7, slt8, slt9, slt10, slt11, slt12,
												slt13, slt14, slt15, slt16, slt17,
												slt18, slt19, slt20, slt21,	slt22,
												slt23, slt24, slt25, slt26, slt27, 
												slt28, slt29, slt30, slt31},

[bookmark: _Toc498635631][bookmark: _Toc498642906]Add a slot offset to the start of the onDurationTimer, the proposed ASN.1 encoding should be added to 38.331 

For the drx-InactivityTimer, there is no need for much different behaviour than in LTE. That is, start/restart the timer when a DCI indicates new data and it should be considered to be started at the beginning of the slot where the DCI is received. It will expire a configured number of ms after the last received DCI that indicated that new data was received.
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-RetransmissionTimerUL 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-RetransmissionTimerUL 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.
[bookmark: _Toc498635632][bookmark: _Toc498642907]There is no need to specify an optimized mechanism for monitoring of DCI after the last UL transmission.

Text proposal for 38.321
[bookmark: _Toc491782017][bookmark: _Toc497230314]5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously. When using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.
RRC controls DRX operation by configuring the following timers:
-	drx-onDurationTimer: the number of consecutive NR-UNIT(s) at the beginning of a DRX Cycle. Unit in milliseconds;
-	drx-SlotOffset: the delay in slots before starting the drx-onDurationTimer;.
-	drx-InactivityTimer: the number of consecutive NR-UNIT(s) after the NR-UNIT in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity. Unit in milliseconds;
-	drx-RetransmissionTimerDL (per DL HARQ process): the maximum number of consecutive NR-UNIT(s) until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum number of consecutive NR-UNIT(s) until a grant for UL retransmission is received;
-	drx-LongCycle: the Long DRX cycle. Unit in milliseconds;
-	drx-ShortCycle (optional): the Short DRX cycle. Unit in milliseconds;
-	drx-ShortCycleTimer (optional): the number of consecutive NR-UNIT(s) the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum amount of time before a DL assignment for HARQ retransmission is expected by the MAC entity. Unit in milliseconds;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum amount of time before a UL HARQ retransmission grant is expected by the MAC entity. Unit in milliseconds.
Editor's note: Editor thinks milliseconds should be replaced to e.g. subframe, but RAN2 confirmation requires.
When a DRX cycle is configured, the Active Time includes the time while: 
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); 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 preamble not selected by the MAC entity (as described in subclause 5.1.4).
When DRX is configured, the MAC entity shall for each NR-UNIT:
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if an drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:
2>	stop drx-onDurationTimer;
2>	stop drx-InactivityTimer.
1>	if drx-InactivityTimer expires or a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.
1>	if drx-ShortCycleTimer expires:
2>	use the Long DRX cycle.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer;
2>	use the Long DRX cycle.
1>	if the Short DRX Cycle is used, and [(SFN * 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
	// an equestion to calculate the Short DRX cycle starting point; or
1>	if the Long DRX Cycle is used, and [(SFN * 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
	// an equestion to calculate the Long DRX cycle starting point:
Editor's note: equations to calculate the starting point of On Duration to be added later (after having NR SFN definition).
2>	if drx-SlotOffset is configured:
3> delay the start of the drx-onDurationTimer with drx-SlotOffset;
2>	else:
3> start drx-onDurationTimer;
2>	start drx-onDurationTimer.
1>	if this NR-UNIT is part of the Active Time:
Editor's note: Half-duplex and measurement gap conditions are not included, and may need to be added later.
2>	monitor the PDCCH;
2>	if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this NR-UNIT:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process after the NR-UNIT that contains corresponding PUCCH transmission;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process;
2>	if the PDCCH indicates a UL transmission or if a UL grant has been configured for this NR-UNIT:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process after the NR-UNIT that contains corresponding PUSCH transmission;
Editor's note: It is still FFS whether it is the last PUSCH transmission of a bundle.
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process;
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer.
1>	else (i.e. not part of the Active Time):
2>	not report CQI/PMI/RI/PTI on PUCCH.
Editor's note: the text 'not report CQI/PMI/RI/PTI on PUCCH' can be revisited if RAN2 receives some inputs from RAN1 (including CQI mask). Also, whether to transmit SRS and HARQ feedbacks is unclear, and not captured at the moment.

[bookmark: _Toc486025151]Annex X (informative): Intended UE behaviour for DRX Timers
When a DRX timer is set to a value of X, and n denotes the subframe in which the related event is triggered according to the subclause 5.7, the intended behaviours of each DRX timer are presented in the Table X-1 below: 
Table X-1: Intended UE behaviour for DRX timers
	DRX Timers
	Intended UE behaviour 
([x, y] means including subframe x and y)

	drx-InactivityTimer
	The MAC entity monitors PDCCH according to the coreset configuration from higher layers during the subframes [n+1, n+X] with a possible delay of drx-SlotOffset slots  in the starting and ending subframe.
The MAC entity starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the subframe n+X+1, if configured.

	drx-onDurationTimer
	The MAC entity monitors PDCCH according to the coreset configuration from higher layers during during the subframes [n, n+X-1] with a possible delay of drx-SlotOffset  slots in the starting and ending subframe..

	drx-ShortCycleTimer
	The MAC entity uses the Short DRX Cycle during the subframes [n, n+X-1].
The MAC entity starts to use the Long DRX Cycle in the subframe n+X.




[bookmark: _Toc489942740][bookmark: _Toc490049121][bookmark: _Toc490049268][bookmark: _Toc490049733][bookmark: _Toc490049813][bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
We propose:
Proposal 1	The unit of time used for the both the UL and DL drx-RetransmssionTimer is the slot length, slt, used for the original transport block
Proposal 2	Reuse the LTE drx-ShortCycleTimer and its value range in NR
Proposal 3	Reuse the LTE equations for calculating when to start the onDurationTimer for NR.
Proposal 4	Add a slot offset to the start of the onDurationTimer, the proposed ASN.1 encoding should be added to 38.331
Proposal 5	There is no need to specify an optimized mechanism for monitoring of DCI after the last UL transmission.
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Start of onDuration if a Short DRX Cycle of 40ms is used with no offset,

[(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle)
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