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Introduction
At the RAN2#99 meeting the following where agreed:
Agreements:
[bookmark: _Hlk494201107]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
[bookmark: _Ref178064866]There has been an email discussion on the topic of L2 parameter where C-DRX parameters were included. It seems however that although companies agreed is some parameters and disagreed in others, no conclusion was made. Therefore, in this contribution, we continue to discuss C-DRX timers and their parameters with focus on the impact of agreement 1 and 2 above and how to configure these timers.
Discussion
DRX configuration values
The timers drx-onDurationTimer, drx-InactivityTimer, drx-LongCycle and drx-ShortCycle are configured by using a time unit of milliseconds NR instead of using PDCCH subframes, psf as in LTE. The values for these timers in LTE with the unit in psf, could easily be reused by the use of the time unit of ms and would give the same configuration options. 
The drx-onDurationTimer in LTE is typically configured in the order of psf20, i.e. around 20ms. The reachability for the UE and the scheduling flexibility at the gNB depends on the length on the drx-onDurationTimer. Even for SCS with very short symbol durations it is very hard to see a valid use case with shorter duration than 1ms. Allowing durations of parts of a ms will also risk that the UE enters and leaves DRX at non subframe boundaries, which may leave the UE in some kind of undefined state, it is neither active nor in sleep mode. It also increases the risk of state mismatch.
The situation is similar for the drx-InactivityTimer. It aims to have the UE reachable a certain time after the last original transmission of a transport block. This to prevent the UE to enter sleep mode when the probability for new arrival of data is high. Having values less than a millisecond would also for this timer impose a risk of having the UE in an undefined state between active and sleep mode and increase the risk of state mismatch. 
Optimizations on the value range below 1ms impose a risk of delaying the work on DRX for Rel. 15 and the existing value range for these timers in LTE are also adequate for NR, i.e. there is no valid use case that motivate the need of any shorter values than 1ms for any of these four timers. 
[bookmark: _Toc494235497][bookmark: _Toc494235531][bookmark: _Toc494236402][bookmark: _Toc494275981][bookmark: _Toc494304459][bookmark: _Toc494410238]The respective value range of the drx-onDurationTimer, drx-InactivityTimer, drx-LongCycle and drx-ShortCycle are reused for NR but with the time unit changed to ms instead of psf.
To avoid any confusion on if the UE is in active or sleep mode, i.e. when the UE is monitoring the PDCCH for a specific numerology or when it has entered DRX, the timers drx-onDurationTimer, drx-InactivityTimer, drx-LongCycle and drx-shortCycle shall be started at the boundary of a subframe and therefore also expire at a subframe boundary.
[bookmark: _Toc494235498][bookmark: _Toc494235532][bookmark: _Toc494236403][bookmark: _Toc494275982][bookmark: _Toc494304460][bookmark: _Toc494410239]The drx-onDurationTimer, drx-InactivityTimer, drx-LongCycle and drx-shortCycle are all started on the boundary of a subframe.
[bookmark: _Toc494235499]The configuration values for the onDurationTimer, drx-InactivityTimer, longDrx and shortDrx are configured according the below proposed ASN.1 encoding.
[bookmark: _Toc494275983][bookmark: _Toc494304461][bookmark: _Toc494410240]Base the L2 DRX parameters on text proposal for 38.331.
For the exact behaviors of the DRX timers an annex similar to Annex C in 36.321 should be considered. This can be found further down.
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.
[bookmark: _Toc494236404][bookmark: _Toc494275984][bookmark: _Toc494304462][bookmark: _Toc494410241]Reuse the LTE drx-ShortCycleTimer and its value range in NR
PDCCH subframe
Most timers in LTE MAC are configured by using the time unit of a subframe or a PDCCH-subframe. Since it has been agreed to use a time unit of ms for the drx-onDurationTimer, drx-InactivityTimer, drx-LongCycle, and drx-ShortCycle, the term PDCCH-subframe could give rise to some confusion in NR, as there is greater flexibility in PDCCH configuration. If the UE is monitoring several component carriers, using different numerologies, the number of PDCCH occasions and thereby PDCCH-subframes would be very different on different carriers and could be ambiguous in the framework of C-DRX, i.e. which carrier should be used for counting at what point in time? It is therefore proposed to exclude the use of a PDCCH-subframe in the specs for NR. 
[bookmark: _Toc481710351][bookmark: _Toc481756040][bookmark: _Toc485214902][bookmark: _Toc485219092][bookmark: _Toc485398977][bookmark: _Toc494235500][bookmark: _Toc494235533][bookmark: _Toc494236405][bookmark: _Toc494275985][bookmark: _Toc494304463][bookmark: _Toc494410242][bookmark: _Toc485398978]Exclude the use of the term PDCCH-subframe in the specs for NR.
Equations for calculating start of drx-onDurationTimer 
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)
For Long DRX cycle: [(SFN * 10) + subframe number] modulo (drx-LongCycle) = drxStartOffset:
In LTE the parameters used in the equation are defined in milliseconds or subframes which sets the limit of the granularity. Although NR allows for a smaller granularity we do not think the use of a smaller granularity will outweigh the standardization effort. 
[bookmark: _Toc489942738][bookmark: _Toc490049119][bookmark: _Toc490049266][bookmark: _Toc490049731][bookmark: _Toc490049811][bookmark: _Toc490049852][bookmark: _Toc490072287][bookmark: _Toc490210867][bookmark: _Toc494235501][bookmark: _Toc494235534][bookmark: _Toc494236406][bookmark: _Toc494275986][bookmark: _Toc494304464][bookmark: _Toc494410243]Reuse the LTE equations for calculating when to start the onDurationTimer for NR.
Text proposal for 38.321
[bookmark: _Toc491782017]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-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 NR-UNIT(s) before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum amount of NR-UNIT(s) before a UL HARQ retransmission grant is expected by the MAC entity.
Editor's note: The 'minimum' above may need to be changed if e.g. RAN2 decides to use it from DCI.
Editor's note: The name of RRC parameters are tentatively used to capture the agreement, but can be changed later.
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).
Editor's note: Editor thinks the definition for the Active Time in LTE can be re-used, but RAN2 confirmation requires.
When DRX is configured, the MAC entity shall for each NR-UNIT:
Editor's note: From the discussion, it is unclear whether to introduce (DL/UL) HARQ RTT Timer for NR, and further discussion is required.
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-ShortCycle;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.
1>	if drx-ShortCycle 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) = (drxStartOffset) 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) = drxStartOffset:
	// 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>	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;
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;
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].
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].

	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.



Text proposal for 38.331
drx-onDurationTimer		ENUMERATED {
							ms1, ms2, ms3, ms4, ms5, ms6,
							ms8, msf10, ms20, ms30, ms40,
							ms50, ms60, ms80, ms100, ms200,
							ms300, ms400, ms500, ms600, ms800,
							ms1000, ms1200, ms1600, spare8,
							spare7, spare6, spare5, spare4,
							spare3, spare2, spare1},

drx-InactivityTimer		ENUMERATED {
							ms0, ms1, ms2, ms3, ms4, ms5, ms6,
							ms8, ms10, ms20, ms30, ms40,ms50,
							ms60, ms80, ms100, ms200, ms300,
							ms500, ms750, ms1280, ms1920, ms2560,
							spare9, spare8, spare7, spare6,
							spare5, spare4, spare3, spare2,
							spare1},

drx-LongCycleStartOffset	CHOICE {
	ms10						INTEGER(0..9),
	ms20						INTEGER(0..19),
	ms32						INTEGER(0..31),
	ms40						INTEGER(0..39),
	ms60						INTEGER(0..59),
	ms64						INTEGER(0..63),
	ms70						INTEGER(0..69),
	ms80						INTEGER(0..79),
	ms128						INTEGER(0..127),
	ms160						INTEGER(0..159),
	ms256						INTEGER(0..255),
	ms320						INTEGER(0..319),
	ms512						INTEGER(0..511),
	ms640						INTEGER(0..639),
	ms1024						INTEGER(0..1023),
	ms1280						INTEGER(0..1279),
	ms2048						INTEGER(0..2047),
	ms2560						INTEGER(0..2559)
}

	shortDRX							SEQUENCE {
		drx-ShortCycle						ENUMERATED	{
													ms2, ms3, ms4, ms5, ms6, ms7, ms8,
													ms10, ms14, ms16, ms20, ms30, ms32,
													ms35, ms40, ms64, ms80, ms128, ms160,
													ms256, ms320, ms512, ms640, spare9,
													spare8, spare7, spare6, spare5,
													spare4, spare3, spare2, spare1},
		drxShortCycleTimer					INTEGER (1..16)
}

[bookmark: _Toc489942740][bookmark: _Toc490049121][bookmark: _Toc490049268][bookmark: _Toc490049733][bookmark: _Toc490049813]Conclusion
We have the following proposals:
Proposal 1	The respective value range of the drx-onDurationTimer, drx-InactivityTimer, drx-LongCycle and drx-ShortCycle are reused for NR but with the time unit changed to ms instead of psf.
Proposal 2	The drx-onDurationTimer, drx-InactivityTimer, drx-LongCycle and drx-shortCycle are all started on the boundary of a subframe.
Proposal 3	Base the L2 DRX parameters on text proposal for 38.331.
Proposal 4	Reuse the LTE drx-ShortCycleTimer and its value range in NR
Proposal 5	Exclude the use of the term PDCCH-subframe in the specs for NR.
Proposal 6	Reuse the LTE equations for calculating when to start the onDurationTimer for NR.

[bookmark: _GoBack]
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