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1 Introduction


During RAN2#99, the following agreements on DRX were reached [1]: 
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 this contribution, the remaining details on the DRX procedure for R15 are discussed, including the units for the DRX retransmission and HARQ RTT timers, the clocking granularity of the procedure, and triggering the start of the drx-onDurationTimer. 
2 Discussion

During RAN2#99, the unit of the DRX HARQ RTT and Retransmission timers was discussed. It was also mentioned that the unit used for both timer types should be the same, since the periodicity of receiving downlink control information for a certain transport block is common for both timers. A number of alternatives for the unit were discussed, including PDCCH occasions, PDCCH slots, slots, and ms/subframes. 

Considering the DL and UL HARQ RTT and Retransmissions are not fixed in NR, and further depend on the numerology, the PDCCH monitoring periodicity, and the configured k0, k1, k2 parameters, it is not desirable to use a fixed time unit (e.g. ms or subframe).

In LTE, “PDCCH subframe” is used as a unit for these timers. In the context of NR, in order to take the configured PDCCH monitoring periodicity, a unit of “PDCCH occasion” or “PDCCH slot” shall be used. As explained in [2], a “PDCCH occasion” can be defined as a slot on which the UE is configured to monitor the PDCCH for the monitored CORESETs. Therefore, the definition of “PDCCH occasion” can be equivalent to “PDCCH slot” to accommodate cases where multiple coresets are configured, possibly overlapping in the time domain or configured to start with an offset from the start of the slot boundary.
Proposal 1:

HARQ RTT and DL/UL retransmission timers use PDCCH occasion as a unit.
When configured for LTE, the DRX procedure is evaluated for every subframe. Such granularity is too coarse for NR, considering the possibility varying timing characteristics of the frame structures with different numerologies. Given proposal 1 above, the DRX procedure would then operate at the granularity of a PDCCH occasion applicable with the current UE’s frame structure configuration.

The last remaining part of the DRX procedure for R15 is triggering the start of the onDuration timer, considering whether short or long DRX is used and the drxStartOffset. Since it was agreed in RAN2#99 to use ms or subframes as a unit for long and short DRX cycles, the LTE formulas used to trigger the start of the onDuration can be reused.
A text proposal based on TS 38.321 v 0.3.0 [3] is provided in section 3 to capture the above proposals and finalize the remaining open issues for DRX in R15.

Proposal 2:

Capture the text proposal in section 3 in TS 38.321.
3 Text Proposal
[Unchanged text is not included]
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 of PDCCH monitoring number of consecutive NR-UNIT(s), which starts at the beginning of a DRX Cycle;

-
drx-InactivityTimer: the timer for inactivity, which starts 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;

-
drx-RetransmissionTimerDL (per DL HARQ process): the maximum number of consecutive NR-UNIT(s) PDCCH occasions until a DL retransmission is received;

-
drx-RetransmissionTimerUL (per UL HARQ process): the maximum number of consecutive NR-UNIT(s) PDCCH occasions 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) subframes the UE shall follow the Short DRX cycle;

-
drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum number of NR-UNIT(s) PDCCH occasions before a DL assignment for HARQ retransmission is expected by the MAC entity;

-
drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum number of NR-UNIT(s) PDCCH occasions 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 PDCCH occasion:

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 (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); 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 (longDRX-Cycle) = 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 PDCCH occasion 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 PDCCH occasion:
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 PDCCH occasion:

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.
4 Conclusion

Contribution R2-1710655 [2] discusses separately the definition of a “PDCCH occasion”.
In this contribution, the following proposals were made regarding the remaining details of the NR DRX procedure:
Proposal 1:

HARQ RTT and DL/UL retransmission timers use PDCCH occasion as a unit.
Proposal 2:

Capture the text proposal in section 3 in TS 38.321.
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