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1. Introduction

In LTE, DRX Command MAC CE is used for eNB to let UE know that no more data will be scheduled so UE can stop the relevant DRX timers and directly go to sleep to save UE power. In this document, as rapporteur mentioned in the running NR MAC spec, we will discuss whether DRX Command MAC CE is needed in NR and how it works.
	TS 36.300 (LTE)
-
Except for NB-IoT, if it successfully decodes a PDCCH for a first transmission, the UE shall stay awake and start the inactivity timer (even if a PDCCH is successfully decoded in the sub-frames where the UE has also been allocated predefined resources) until a MAC control message tells the UE to re-enter DRX, or until the inactivity timer expires. In both cases, the DRX cycle that the UE follows after re-entering DRX is given by the following rules:

	TS 36.321 (LTE)
-
if a DRX Command MAC control element or a Long DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

	Running TS38.321 (NR)
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.
Editor's note: RAN2 did not discuss whether to introduce DRX command/ Long DRX Command MAC CE, and it should also be discussed (not captured in the procedural text below).
1>
if drx-InactivityTimer expires:

Editor's note: To use DRX Command MAC CE (in LTE) is missing above.


2. Discussion 
When gNB schedule data in some cases, it knows how much data it has to send UE. If gNB finish the data transmission earlier than expiry of relevant DRX timers, UE does not need to keep active since there is no more data to schedule by gNB. In this case, similar to LTE, gNB can send DRX Command MAC CE to let UE stop relevant DRX timers and go to sleep directly for power saving. As for the question of which DRX Cycle should be used, it can follow LTE to use Short DRX Cycle.
Proposal 1:   As LTE, DRX Command MAC CE is supported in NR.
Proposal 2:   UE will enter DRX and use the Short DRX Cycle upon reception of DRX Command MAC CE.
In LTE, Inactivity timer and onDuration Timer for potential new transmissions are stopped upon reception of DRX Command MAC CE. It looks like that DL Retx timer is not stopped so UE may still keep active even if DRX Command MAC CE is received. However, DL Retx timer is only started and running upon HARQ RTT Timer expiry in case of the failed decoded data, which means that eNB may not decide to send DRX Command MAC CE in this case since the UE anyway needs to keep active for potential retransmissions. Sending DRX Command MAC CE to let UE just stop Inactivity Timer and onDuration Timer may not benefit too much in some cases. On the other hand, eNB may send DRX Command if it has no more data including retransmission to schedule.
Observation:   DRX Command MAC CE can be used when eNB have no more data including retransmission to schedule.
In NR, it was assumed/agreed that the timer operation for DL/UL transmission (i.e. HARQ RTT Timer and DL/UL Retx Timer) is similar to LTE. Although it is not crystal clear how these DRX timers work in detail for now, it’s for sure that gNB still control all DL/UL data scheduling as LTE eNB and similarly it can use DRX Command to stop relevant DRX timers so as to let the UE go to sleep directly. One potential usage is for the case of UL data transmission using asynchronous HARQ operation. Since having DL HARQ feedback for UL data transmission was not assumed in NR for now, UE would always keep active for monitoring potential adaptive UL grants even if gNB have received the UL data transmission successfully. In this situation and also considering the case of no more new transmissions, gNB can send DRX Command MAC CE to make UE stop all relevant DRX timers to enter DRX for saving UE power.
Proposal 3:   If DRX Command MAC CE is received, DRX timers used to keep UE active are stopped.  (e.g. Inactivity timer, onDuration timer, DL/UL Retx Timer)

3. Conclusion
In this document, we have the following proposals for DRX Command MAC CE in NR.
Proposal 1:   As LTE, DRX Command MAC CE is supported in NR.

Proposal 2:   UE will enter DRX and use the Short DRX Cycle upon reception of DRX Command MAC CE.

Proposal 3:   If DRX Command MAC CE is received, DRX timers used to keep UE active are stopped.  (e.g. Inactivity timer, onDuration timer, DL/UL Retx Timer)

Reference 

Text Proposal on TS38.321
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 number of consecutive NR-UNIT(s) at the beginning of a DRX Cycle;

-
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;

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

-
drx-RetransmissionTimerUL: the maximum number of consecutive NR-UNIT(s) 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 number of consecutive NR-UNIT(s) the UE shall follow the Short DRX cycle.

Editor's note: The term PDCCH is tentatively used to capture the agreement, but can be changed later.
Editor's note: The name of RRC parameters are tentatively used to capture the agreement, but can be changed later.
Editor's note: From the discussion, it is unclear whether to introduce (DL/UL) HARQ RTT Timer (per HARQ process) for NR, and further discussion is required.
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.
Editor's note: RAN2 did not discuss whether to introduce DRX command/ Long DRX Command MAC CE, and it should also be discussed (not captured in the procedural text below).
-
if a DRX Command MAC control element or a Long DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer
-
stop all drx-RetransmissionTimerDL
-
stop all drx-RetransmissionTimerUL
1>
if drx-InactivityTimer expires or a DRX Command MAC control element is received:

Editor's note: To use DRX Command MAC CE (in LTE) is missing above.
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.

