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1 Introduction

For DRX, some agreements were made in RAN2 #99bis meeting:

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 RAN2 #99 Berlin meeting, the related agreements are:
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
In RAN1 #91 meeting, the related agreements are:

· For information, the following cases are clarified:

· Case 1: PDCCH monitoring periodicity of 14 or more symbols

· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot

· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot

· Case 2: PDCCH monitoring periodicity of less than 14 symbols

· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

In this contribution, we will discuss the behaviour for DRX timer expiry considering flexible CORESET supported by physical layer.
2 Discussion
In NR, according to RAN1 agreement, the UE can be configured with CORESET(s) which defines the time and frequency resources on which the UE monitor PDCCH. RAN1 also introduced slot based scheduling and non-slot based scheduling, for which the starting OFDM symbol could be different. For slot based scheduling, the CORESET is configured at the beginning of a slot and the duration can be up to 3 OFDM symbols. For non-slot based scheduling, in principle, the CORESET could be on any span of up to 3 consecutive OFDM symbols.

In NR, DRX timer has different configurations than that in LTE. As an example, for drx-InactivityTimer, in LTE the unit is psf which means the PDCCH subframe. However, in NR the unit is changed to ms and the minimum value can be less than 1 ms. Given this change, it could be possible that the drx-InactivityTimer ends in the middle of the configured CORESET.
There are several cases to illustrate when the DRX timer ends in the middle of CORESET:
· Case 1: due to the finer granularity of the DRX timer configuration, the timer, e.g., drx-onDurationTimer, may start in any symbol. For the CORESET with the starting OFDM symbol in #0, #1, or #2, the drx-onDurationTimer may expire in the middle of CORESET, as shown Figure 1.
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Figure 1 drx-onDurationTimer expires in the middle of CORESET
· Case 2: For non-slot based scheduling, the starting OFDM symbol for non-slot based scheduling can be in any symbols in a slot. The timer, e.g., drx-InactivityTimer, may expire in the middle of the CORESET, as shown in Figure 2.
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Figure 2 drx-InactivityTimer expires in the middle of CORESET

One possible impact is, as illustrated in the above figures, there is a possibility that the PDCCH will be detected on the left symbols of this CORESET while the UE has stopped monitoring due to expiry of the DRX timer.
Observation 1 If the DRX timer expires in the middle of the CORESET, the UE will miss the possible PDCCH in the CORESET.
In our view, this issue can handled by the following possible options:

· Option 1: UE will continue monitoring PDCCH in the current CORESET even though the drx-InactivityTimer is expired. There could be a configured offset after the timer expired, the configured offset can be the configured duration for the CORESET, e.g., 2 or 3 OFDM symbols. 
· Option 2: RRC can configured non-integer value for the length of the drx-InactivityTimer or other timers so that the timer length can cover all the cases including the CORESET overlaps two consecutive slot.

· Option 3: UE just stops monitoring PDCCH when the drx-InactivityTimer is expired
It should be feasible that the UE continue monitoring PDCCH in the current CORESET until the end of the CORESET even though the drx-InactivityTimer is expired. Thus, we prefer option 1. For option 2, it could be difficulty for setting the parameters for all the DRX timers. For option 3, the UE may miss the possible PDCCH so it’s down prioritized. 
Proposal 1 The UE continue monitoring PDCCH in the current CORESET until the end of the CORESET even though the drx-InactivityTimer is expired before the end of the CORESET. 
Proposal 2 Apply the operation in proposal 1 to other related DRX timers, e.g., drx-onDurationTimer, drx-RetransmissionTimerDL and drx-RetransmissionTimerDL.

Proposal 3 Adopts the TP in Annex and the corresponding CR [1].

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
If the DRX timer expires in the middle of the CORESET, the UE will miss the possible PDCCH in the CORESET.
Proposal 1
The UE continue monitoring PDCCH in the current CORESET until the end of the CORESET even though the drx-InactivityTimer is expired before the end of the CORESET.
Proposal 2
Apply the operation in proposal 1 to other related DRX timers, e.g., drx-onDurationTimer, drx-RetransmissionTimerDL and drx-RetransmissionTimerDL.
Proposal 3
Adopts the TP in Annex and the corresponding CR [1].


4 Annex Text proposal to TS 38.321
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 duration at the beginning of a DRX Cycle;
-
drx-SlotOffset: the delay in slots before starting the drx-onDurationTimer;
-
drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity;

-
drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until a DL retransmission is received;

-
drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-
drx-LongCycle: the Long DRX cycle;

-
drx-ShortCycle (optional): the Short DRX cycle;

-
drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

-
drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;

-
drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.

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 PDCCH occasion if drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is expired within the PDCCH occasion; 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:

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

1>
if the Long DRX Cycle is used, and [(SFN * 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:

2>
if drx-SlotOffset is configured:
3>
start drx-onDurationTimer after drx-SlotOffset;

2>
else:

3>
start drx-onDurationTimer.

1>
if the MAC entity is in Active Time:

2>
monitor the PDCCH;

2>
if the PDCCH indicates a DL transmission or if a DL assignment has been configured:
3>
start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the 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:

3>
start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first repetition of the corresponding PUSCH transmission;

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 on PUCCH.
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