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1	Introduction
In the previous RAN2 meeting [1], it was agreed to add a table in the Annex for DRX timers, with details to be discussed further. 
Agreements:
-	The UE is not required to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the timer start or expires in the middle of a PDCCH monitoring occasion). 
-	a table with DRX timers (description, unit, stop, and start) is added as informative text in an Annex  

2	Discussion
In [2], it was proposed to align with slot boundary for most of the timers except for HARQ RTT timer and retransmission timer:
When a DRX timer is set to a value of X, and n denotes the slot in which the related event is triggered according to the subclause 5.7, and k denotes the number of slots per millisecond for the given numerology, 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 slot x and y)

	drx-InactivityTimer
	The MAC entity monitors PDCCH for X ms during the slots [n+1, n+k*X]. The timer is started at the slot boundary between n and n+1
The MAC entity starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the slot n+k*X+1, if configured.

	ra-ContentionResolutionTimer 
	The MAC entity monitors PDCCH for X ms during the slots [n+1, n+k*X].

	drx-RetransmissionTimerDL or drx-RetransmissionTimerUL
	The MAC entity monitors PDCCH during X ms. It is started at the at symbol n+1 if the drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL expire in symbol n.

	drx-onDurationTimer
	The MAC entity monitors PDCCH for X ms during starting at slot boundary between n-1 and n.

	drx-ShortCycleTimer
	The MAC entity uses the Short DRX Cycle for X ms during the slot [n, n+k*(X-1)].
The MAC entity starts to use the Long DRX Cycle in the slot n+k*X.

	drx-HARQ-RTT-TimerDL
	The MAC entity starts drx-HARQ-RTT-TimerDL at symbol n+1 if the corresponding PUCCH transmission is performed in symbol n.

	drx-HARQ-RTT-TimerUL
	The MAC entity starts drx-HARQ-RTT-TimerUL at symbol n+1 if the corresponding PUSCH transmission is performed in symbol n.



In LTE without different numerologies, it makes sense to start the timers at next subframe boundary since all the subframe boundary are aligned among the cells. While for NR, it becomes more complicated with different numerologies. With carrier aggregation of cells with different slot length, if to align to a slot boundary, it raises the question of which slot boundary to align to, e.g. for OnDurationTimer. Furthermore, with the possibility to configure CORESET and search space at any symbol within a slot, NR gives PDCCH monitoring finer granularity than a slot.
For example, for a case of carrier aggregation with PCell and SCell as follows:
· PCell with 15kHz SCS (1ms slot length) with PDCCH occasions configured at 0~2 symbols and 7~9 symbols of a slot for PCell for certain slots 
· SCell with 30kHz SCS (0.5ms slot length) with PDCCH occasion configured at 0~1 symbols and 7~8 symbols
[image: ]
Figure 1: example of CORESET configurations with CA of different numerologies
drx-onDurationTimer with values as follows from 1/32 ms to 1600ms:
drx-onDurationTimer					CHOICE {
											subMilliSeconds	INTEGER (1..31),
											milliSeconds	ENUMERATED {
											ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, 
											ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200, 
											ms1600, spare9, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
											},

And it was agreed to introduce offset with a granularity of 1/32ms within 1ms to allow distribution of the UEs. 
	drx-SlotOffset						INTEGER (0..31)

With current onDurationTimer values and the introduction of slotOffset, it is possible to configure UEs with OnDurationTimer of less than 1ms and different starting point within one slot concerning the cell with longer slot.
Aligning to the longest slot length defeats the purpose of introducing different offset for different UEs, while aligning to the smallest slot length would anyway result in the timer starting in the middle of the slot for some cells. And SCell activation/deactivation might bring new complexity of which cells need to be taken into account. 
With the agreement from last meeting that the UE behaviour when the timer expires in the middle of a CORESET clearly defined, there seems no strong need to start timers at the boundary of slots.
Propose 1: onDurationTimer is started after drx-SlotOffset ms at the subframe meeting the formula currently captured in MAC according to the drx-LongCycleStartOffset configuration, i.e. not need to align with slot boundary.
Similarly, for drx-ShortCycleTimer, same offset for Long Cycle should be applicable for Short Cycle after X number of Short Cycles. 
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 },
		drx-ShortCycleTimer					INTEGER (1..16)
	}		OPTIONAL,													-- Need R
	
Proposal 2: drx-ShortCycleTimer is started when drx-InactivityTimer expires or a DRX Command MAC CE is received and expires after X * drx-ShortCycle ms, where X is the integer configured for drx-ShortCycleTimer.
drx-InactivityTimer is started upon PDCCH reception with values in the unit of ms. Similar to onDurationTimer, it works to start the drx-InactivityTimer right after the PDCCH occasion and allows finer distribution of the PDCCH load. 
	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},
Proposal 3: drx-InactivityTimer is started after the PDCCH reception, i.e. The MAC entity monitors PDCCH for X ms from the symbol n+1 if last symbol of the PDCCH occasion that starts the timer is symbol n.
ra-ContentionResolutionTimer with values configured in subframes as follows and is started at msg3 transmission. It makes sense to start the contention resolution right away after the transmission considering the short processing time at the gNB side and the possibility of available CORESET within the slot.
	ra-ContentionResolutionTimer			ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},
Proposal 4: ra-ContentionResolutionTimer is started at the symbol after the last symbol of the msg3 transmission, i.e. The MAC entity monitors PDCCH for X ms from the symbol n+1 if the last symbol of the msg3 transmission is n.
Proposal 5: it is proposed to change the unit for ra-ContentionResolutionTimer from subframe to ms to avoid confusion that it starts at a subframe boundary.
For HARQ RTT timers, as they are in number of symbols, it makes sense to start them at the symbol after the PUSCH transmission/PDSCH reception.
[bookmark: _Hlk500879922]	drx-HARQ-RTT-TimerDL				INTEGER (0..56),
	drx-HARQ-RTT-TimerUL				INTEGER (0..56),
	drx-HARQ-RTT-TimerDL
Value in number of symbols.

	drx-HARQ-RTT-TimerUL
Value in number of symbols.



Proposal 6: drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is started at the symbol n+1 if the last symbol of PUCCH transmission and PUSCH transmission is symbol n.
Similarly for drx-RetransmissionTimerDL and drx-RetransmissionTimerUL, they should be started at the symbol after drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL expiry.
	drx-RetransmissionTimerDL			ENUMERATED { 
											sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128, 
											sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9, 
											spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1},
	drx-RetransmissionTimerUL			ENUMERATED {
											sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128, 
											sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9, 
											spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
Proposal 7: drx-RetransmissionTimerDL and drx-RetransmissionTimerUL is started at symbol n+1 if drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL expiry if symbol n.
In summary, the proposed Annex for DRX timers are as follows:
Annex X (informative):
Intended UE behaviour for DRX Timers
When a DRX timer is set to a value of X, 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 

	drx-InactivityTimer
	The MAC entity monitors PDCCH for X ms from the symbol n+1 if last symbol of the PDCCH occasion that starts the timer is symbol n.
The MAC entity starts or restarts drxShortCycleTimer, and uses Short DRX Cycle at the symbol after X ms, if configured.

	ra-ContentionResolutionTimer 
	The MAC entity monitors PDCCH for X ms from the symbol n+1 if the last symbol of the msg3 transmission is n.

	drx-RetransmissionTimerDL or drx-RetransmissionTimerUL
	The MAC entity monitors PDCCH for X ms from the symbol n+1 if the drx-HARQ-RTT-TimerDL or drx-HARQ-RTT-TimerUL expire in symbol n.

	drx-onDurationTimer
	The MAC entity monitors PDCCH for X ms from the subframe n meeting the formula specified in 5.7 with drx-SlotOffset ms offset within the subframe.

	drx-ShortCycleTimer
	The MAC entity uses the Short DRX Cycle for X * drx-ShortCycle ms.
The MAC entity starts to use the Long DRX Cycle at the symbol after X * drx-ShortCycle ms.

	drx-HARQ-RTT-TimerDL
	The MAC entity starts drx-HARQ-RTT-TimerDL at symbol n+1 if the corresponding PUCCH transmission is performed in symbol n.

	drx-HARQ-RTT-TimerUL
	The MAC entity starts drx-HARQ-RTT-TimerUL at symbol n+1 if the corresponding PUSCH transmission is performed in symbol n.



3	Conclusion
Details for the Annex for DRX timers is discussed in the contribution with the following proposals proposed and TP provided in section 2.
Propose 1: onDurationTimer is started after drx-SlotOffset ms at the subframe meeting the formula currently captured in MAC according to the drx-LongCycleStartOffset configuration, i.e. not need to align with slot boundary.
Proposal 2: drx-ShortCycleTimer is started when drx-InactivityTimer expires or a DRX Command MAC CE is received and expires after X * drx-ShortCycle ms, where X is the integer configured for drx-ShortCycleTimer.
Proposal 3: drx-InactivityTimer is started after the PDCCH reception, i.e. The MAC entity monitors PDCCH for X ms from the symbol n+1 if last symbol of the PDCCH occasion that starts the timer is symbol n.
Proposal 4: ra-ContentionResolutionTimer is started at the symbol after the last symbol of the msg3 transmission, i.e. The MAC entity monitors PDCCH for X ms from the symbol n+1 if the last symbol of the msg3 transmission is n.
Proposal 5: it is proposed to change the unit for ra-ContentionResolutionTimer from subframe to ms to avoid confusion that it starts at a subframe boundary.
Proposal 6: drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is started at the symbol n+1 if the last symbol of PUCCH transmission and PUSCH transmission is symbol n.
Proposal 7: drx-RetransmissionTimerDL and drx-RetransmissionTimerUL is started at symbol n+1 if drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL expiry if symbol n.
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