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1      Introduction
In [3], it was proposed to consider DRX timer behavior when the timers are partially overlapped with PDCCH CORESETs. The main motivation is that the CORESET can be configured across slots. The contribution was noted in RAN2#100 meeting. In RAN2 NR Ad Hoc # 1801, clarification regarding PDCCH monitoring when the CORESET partially overlaps with the active time was discussed and following point was noted.

=>
Check with RAN1 and verify how scheduling/monitoring works if the UE stops in middle of slot or symbol

In this contribution, we discuss the deails on clarification on UE behavior associated with the DRX timers.
2      Discussion
2.1     PDCCH monitoring and Active time
UE monitors PDCCH during Active time, with one condition is the running of drx-onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, or ra-ContentionResolutionTimer.
For drx-onDurationTimer and drx-InactivityTimer, the following values are allowed as in TS 38.331 [1]:
drx-onDurationTimer




ENUMERATED {













ms1-32, ms2-32, ms3-32, ms4-32, ms5-32, ms6-32, ms7-32, ms8-32, ms9-32, ms10-32, ms11-32, ms12-32, ms13-32, ms14-32, ms15-32, ms16-32, ms17-32, ms18-32, ms19-32, ms-20-32, ms21-32,
ms22-32, ms23-32, ms24-32, ms25-32, ms26-32, ms27-32, ms28-32, ms29-32, ms30-32, ms31-32, 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 },
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},

TS 38.213 [2] defines the PDCCH control resource UE should monitor:

	For a serving cell, higher layer signalling provides a UE with 
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 control resource sets. For control resource set 
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 where a UE-specific search space, a Type2-PDCCH common search space, or a Type3-PDCCH common search space is mapped, the higher layer signalling provides:

-
a control resource set index by higher layer parameter CORESET-ID;

-
a DM-RS scrambling sequence initialization value by higher layer parameter PDCCH-DMRS-Scrambling-ID;

-
a number of consecutive symbols provided by higher layer parameter CORESET-time-duration; 

-
a set of resource blocks provided by higher layer parameter CORESET-freq-dom;

   …


It can be seen that PDCCH control resource set (CORESET) is defined in unit of OFDM symbols (as highlighted above). So one questions arises: if Active time only covers a CORESET partially, should UE monitor the corresponding PDCCH or not? For DRX operation, it is important that gNB and UE has the same interpretation about when to monitor PDCCH. If gNB and UE are not synchronized, there could be resource waste (e.g. gNB sends PDCCH but UE does not receive it) or additional power consumption (UE monitors PDCCH but gNB does not intend to send PDCCH to the UE). That’s why clear UE behavior should be defined (e.g. Annex C in LTE MAC spec).
There are several partial overlapping scenarios. One example is the timer onDurationTimer, which can take values of sub-milliseconds. It is possible that ms1-32 (which means 1/32 ms) onDurationTimer is configured for 15 kHz SCS numerology, which means that only part of CORESET is covered by the timer (therefore Active time). Note that in this scenario, one may argue that gNB implementation should avoid such configuration, however UE behavior should be defined in this case anyway.
Another scenario is related to drx-InactivityTimer, which has the unit of ms (but not sub-ms). One example is shown in Figure 1 below. Suppose that there are two carriers in two SCSs: 15 kHz and 30 kHz SCS. Suppose that in 30 kHz SCS, there is PDCCH in slot 0 indicating new transmission (i.e. blue part in Figure 1), which restarts drx-InactivityTimer with value of 1 ms. 
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Figure 1: Example of partial overlapping between Active time and PDCCH
The question now is for 15 kHz SCS, should UE monitor PDCCH in slot 1 if PDCCH CORESET partially overlaps with the drx-InactivityTimer? Currently TS 38.321 specifies:
	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

…


The PDCCH CCE to REG mapping is done in time domain and REG spans over the whole duration of the CORESET which means if UE receives only some of the symbols of the multi-symbol CORESET, UE would not be able to decode the PDCCH transmitted in the CORESET. In this case, UE has to drop the entire monitoring occasion of the CORESET. To clarify the UE behavior, following options can be considered

Option # 1: UE does not monitor the PDCCH for the entire CORESET if it overlaps with active time partially

Option # 2: UE continues monitoring PDCCH in the remaining symbols of the CORESET after Active time ends

Option # 3: UE continues monitoring the PDCCH until the end of time slot after the Active time ends

Option # 4: UE stops monitoring the PDCCH after Active time ends

As described above, the option # 4 requires UE waste power as it partially reads the CORESET but never decodes the PDCCH whether or not PDCCH is scheduled in this CORESET. Therefore, option # 4 is not preferred.

The option # 3 is also not power efficient as the length of the slot could be larger than length of CORESET and UE could be in active time for longer period of time. The option # 1 is the most power efficient as UE does not need to monitor the PDCCH if it knows the the Active time is going to end during the period of CORESET. However, UE may have to keep track of the remaining time duration of the DRX timers before reading the PDCCH in the CORESET. Also, there is less flexibility as this CORSET can not be used for PDCCH transmission.

Based on the observation above, option # 2 is the preferred option. A natural interpretation is that given that Active time covers the case that drx-InactivityTimer is running, UE should continue to monitor PDCCH even if the CORESET partially overlaps with the corresponding timer. In option # 2, if Active time ends before the last symbol of a CORESET of a carrier, UE continues receiving the remaining symbols of only that CORESET.
Proposal 1. If Active Time partially overlaps with PDCCH CORESET, UE monitors the PDCCH. This can be either captured as a note or normative text in TS 38.321 or confirmed in the meeting notes as below. 
UE monitors a PDCCH if the start of the PDCCH CORESET is within Active Time but the end of PDCCH CORESET is outside of Active Time.

2.2     LTE like Annex for intended UE behavior for DRX timers
In LTE, TS 36.321 contains an informative Annex C describing intended UE behaviour for DRX Timers, as copied below:
Table C-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 in PDCCH-subframes during the subframes [n+1, n+m].

The MAC entity starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the subframe n+m+1, if configured.

	drx-InactivityTimerSCPTM
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n+1, n+m].

	mac-ContentionResolutionTimer or mac-ContentionResolutionTimer for the corresponding enhanced coverage level, if it exists
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n+1, n+X].

	drx-RetransmissionTimer or drx-ULRetransmissionTimer
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n, n+m-1].

	onDurationTimer or onDurationTimerSCPTM
	The MAC entity monitors PDCCH in PDCCH-subframes during the subframes [n, n+m-1].

	drxShortCycleTimer
	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.

	HARQ RTT Timer
	The MAC entity starts drx-RetransmissionTimer in the subframe n+X, if needed.

	UL HARQ RTT Timer
	The MAC entity starts drx-ULRetransmissionTimer in the subframe n+X, if needed.

	NOTE:
For FDD, m is equal to X; for TDD, m is equal to the minimum number of subframes so that X PDCCH-subframes are included during the subframes [x, y].
NOTE:
A MAC entity configured with eIMTA monitors PDCCH in some subframe(s) in addition to PDCCH-subframes, as specified in subclause 5.7.


It is proposed to add a similar Annex to TS 38.321. Several changes are needed:

1) PDCCH subframe definition is not used in NR. Therefore no need to use the variable m.
2) There are different time units defined for different timers. In addition, the monitoring unit could be different compared with the actual unit configured. For example, drx-RetransmissionTimerDL has the unit of slot and drx-HARQ-RTT-TimerDL has the unit of symbol. Given that the drx-RetransmissionTimerDL is started after the expiry of drx-HARQ-RTT-TimerDL, the triggering and monitoring unit for drx-RetransmissionTimerDL should be in the unit of symbols, which can be converted from slots. In addition, for drxShortCycleTimer defined with the unit of ms, subframe can be used for preciseness and simplicity.
Proposal 2.  Intended UE behavior for DRX timers are captured as an informative Annex.

An example informative Annex to NR MAC specification is shown below.

--------------- Start of Annex X Intended UE behaviour for DRX Timers ---------
When a DRX timer is set to a value of X, and n denotes the triggering time unit 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 below: 
Table X: Intended UE behaviour for DRX timers

	DRX Timers
	Unit
	Triggering time unit
	Intended UE behaviour 
([x, y] means including x and y)

	drx-InactivityTimer
	ms
	slot
	The MAC entity monitors PDCCH during the slots [n+1, n+X*Q], where Q is the number of slots per subframe.
The MAC entity starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the slot n+X*Q+1, if configured.

	ra-ContentionResolutionTimer
	subframe
	subframe
	The MAC entity monitors PDCCH during the subframes [n+1, n+X].

	drx-RetransmissionTimerDL or drx-RetransmissionTimerUL
	slot
	symbol
	The MAC entity monitors PDCCH during the symbols [n, n+X*R-1], where R denotes the number of symbols per slot.

	drx-onDurationTimer
	ms
	slot
	The MAC entity monitors PDCCH during the slots [n, n+X*Q-1], where Q is the number of slots per subframe.

	drxShortCycleTimer 
	ms
	subframe
	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.

	drx-HARQ-RTT-TimerDL
	symbol
	symbol
	The MAC entity starts drx-RetransmissionTimerDL in the symbol n+X, if needed.

	drx-HARQ-RTT-TimerUL
	symbol
	symbol
	The MAC entity starts drx-RetransmissionTimerUL in the symbol n+X, if needed.

	NOTE: Triggering time unit is dependent on the carrier which triggered the timer.


--------------- End of Annex X Intended UE behaviour for DRX Timers ---------
3      Conclusion
In this contribution, we discuss clarifications regarding DRX and propose the following:
Proposal 1.
If Active Time partially overlaps with PDCCH CORESET, UE monitors the PDCCH. This can be either captured as a note or normative text in TS 38.321 or confirmed in the meeting notes as below.
UE monitors a PDCCH if the start of the PDCCH CORESET is within Active Time but the end of PDCCH CORESET is outside of Active Time.
Proposal 2.
Intended UE behavior for DRX timers are captured as an informative Annex.
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