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1. Introduction
This contribution discusses details of the DRX control in the MAC. In particular, the paper addresses the need for a command to indicate to the UE that it may stop monitoring the PDCCH for initial transmissions for the remainder of the current DRX cycle, i.e. a DRX “go-to-sleep” command.

It is suggested to define the DRX MAC control element as a DRX “go-to-sleep” command only, so that upon reception of a MAC PDU with the MAC DRX CE the UE considers the DRX On-Duration and DRX Inactivity Timers as having expired, without affecting the DRX Retransmission Timer.

The following sections provide more details on our reasoning, as well as a text proposal to TS 36.321.

2. Discussion
2.1. Background
DRX is defined relative to the UEs reception of PDCCH, i.e. a UE in DRX does not have to monitor and decode the PDCCH. The DRX functionality consists of a Long DRX cycle, a DRX On Duration Timer, a DRX Inactivity Timer, and optionally a Short DRX Cycle and a DRX Short Cycle Timer. To handle retransmissions with DRX, a DRX Retransmission Timer is also defined.
RAN2 has agreed in TS 36.321 ‎[3] to a number of implicit transition for DRX, based on timers, to determine when the UE is monitoring PDCCH or not. For the normal DRX Cycle, these implicit transitions are controlled the DRX On-Duration Timer and the DRX Inactivity Timer. 
2.2. On the need for a DRX “go-to-sleep” command
Use cases for the DRX “go-to-sleep” command
A command to send the UE to DRX immediately after reception of a MAC PDU would be useful, at least in the following cases:
· When the eNB schedules data for a UE, and it knows how much data it has to send to empty its buffers, e.g. for intermittent chatty applications (such as keep-alive traffic and other similar background traffic) or e.g. when scheduling RTCP for VoIP/MMTel services;
· When revoking PUCCH resources with RRC;
In the above case, the eNB can send the UE directly to sleep for the remainder of the current DRX cycle, without waiting for the DRX On-Duration and the DRX Inactivity timers to expire.
Definition of the DRX “go-to-sleep” command
With the current definition of DRX, a “go-to-sleep” command can be realized by instructing the UE to consider the DRX on-duration and DRX inactivity timers expired upon reception of the command.
Proposal 1: 
A DRX command is defined to signal the UE to force the expiration of the DRX On-Duration Timer and the DRX Inactivity Timer, i.e. the UE can stop monitoring/decode the PDCCH for initial transmissions for the remainder of the current DRX cycle.

This command should be defined as a MAC control element; DRX is tightly related to scheduling, and defining this command elsewhere e.g. in RRC introduces signaling and processing time overhead.
Proposal 2: 
The “go-to-sleep” command is defined as a MAC control element for DRX.

Definition of the DRX MAC control element
RAN2 has also agreed in TS 36.321 ‎[3] to define a MAC control element for DRX; this is reflected  in section 6.2.1 of the MAC specifications, where an LCID value for DL-SCH is assigned for DRX:

Table 6.2.1-1 Values of LCID for DL-SCH; 

	Index
	LCID values

	00000-xxxxx
	Identity of the logical channel

	xxxxx-11100
	reserved

	
	

	11101
	[Timing Advance]

	11110
	[DRX]

	11111
	Padding


The definition of the MAC DRX CE is still FFS. 
Possible other uses of the MAC DRX CE in addition to the “go-to-sleep” command could be:

· (re)configuration DRX parameters, e.g. length of a DRX cycle or whether a short cycle is defined or not;

Our understanding is that the cycle length should a function of the delay requirements of the bearer and the services using it, i.e. there is no need to dynamically modify the cycle length based on e.g. traffic pattern. In addition, our assumption is that DRX parameters are (re)configured by RRC, and that using a MAC CE for this might have reliability issues that would possibly lead to the eNB and the UE loosing DRX synchronization.
· immediate transition from short to long DRX cycle, i.e. to make the DRX Short Cycle Timer expired, if configured.

In some cases, only one cycle is needed. In case both cycles are configured, we believe that proper configuration of the DRX Short Cycle Timer is sufficient, and that there would be little to gain from an explicit MAC command for this transition.

Proposal 3: 
The DRX MAC control element is only used for the “go-to-sleep” command.

If agreed, this command would be the only DRX CE and can be defined with zero-length.
Handling of retransmissions with the DRX “go-to-sleep” command
Handling of retransmissions in DRX is not coupled to the current DRX cycle; they are based on the DRX Retransmission Timer which means that the UE might have to monitor and decode the PDCCH even if the DRX On-Duration and DRX Inactivity Timers have expired. Our view is that it should be no different for the “go-to-sleep” DRX command.

Proposal 4: 
The DRX MAC CE does not modify the current handling of retransmissions, i.e. the UE still wakes up for HARQ retransmissions and the HARQ Retransmission Timer is not affected by the reception of a MAC PDU with the DRX MAC CE.
3. Conclusion
It is proposed that RAN2 discusses the proposals listed in this contribution:

Proposal 1: 
A DRX command is defined to signal the UE to force the expiration of the DRX On-Duration Timer and the DRX Inactivity Timer, i.e. the UE can stop monitoring/decode the PDCCH for initial transmissions for the remainder of the current DRX cycle.

Proposal 2: 
The “go-to-sleep” command is defined as a MAC control element for DRX.

Proposal 3: 
The DRX MAC control element is only used for the “go-to-sleep” command.

Proposal 4: 
The DRX MAC CE does not modify the current handling of retransmissions, i.e. the UE still wakes up for HARQ retransmissions and the HARQ Retransmission Timer is not affected by the reception of a MAC PDU with the DRX MAC CE.
A text proposal to TS 36.321 ‎[2] that reflects the above proposal is included below.
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------------------------------------------- Sections Omitted -----------------------------------------------

5.7
Discontinuous Reception (DRX)

The UE may be configured [by RRC/MAC] with a DRX functionality that allows it to stop monitoring PDCCH during some period of time.

The DRX functionality consists of a Long DRX cycle, a DRX Inactivity Timer, a DRX Retransmission Timer and optionally a Short DRX Cycle and a DRX Short Cycle Timer all defined in subclause 3.1.

When a DRX cycle has been configured, the UE shall for each TTI:

-
Whenever a new DRX Cycle begins (long or short), the On Duration Timer is started.

-
If a HARQ RTT Timer expires in this TTI and the data in the soft buffer of the corresponding HARQ process was not successfully decoded:

-
UE shall start the DRX Retransmission Timer for the corresponding HARQ process

-
If the On Duration Timer or DRX Inactivity Timer or any DRX Retransmission Timer is running or an UL grant for a retransmission can occur:

-
UE shall monitor the PDCCH;

-
if the PDCCH is successfully decoded:

-
if the PDCCH indicates a DL transmission:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the DRX Retransmission Timer for the corresponding HARQ process.

-
If On Duration Timer or DRX Inactivity Timer is running and the PDCCH indicates a new transmission (DL or UL):

-
start or restart the DRX Inactivity Timer.

-
If a DL assignment has been configured for this TTI and no PDCCH indicating a DL transmission was successfully decoded:

-
start the HARQ RTT Timer for the corresponding HARQ process.

-
If the DRX Inactivity Timer expires in this TTI:

-
if the short DRX cycle is configured:

-
start DRX Short Cycle Timer;

-
use the short DRX cycle;

-
else use the long DRX cycle.

-
If DRX Short Cycle Timer expires in this TTI:

-
use the long DRX cycle.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.
When a DRX cycle has been configured, when the UE receives a MAC PDU on DL-SCH that contains DRX control element, the DRX On-Duration Timer and the DRX Inactivity Timer are forced to expire in this TTI.
Editor’s note: When the HARQ RTT Timer exactly starts with respect to the On Duration is FFS

Editor’s note: The UE behaviour in case both the On Duration and the DRX Inactivity Timers expire in the same TTI is FFS.

------------------------------------------- Sections Omitted -----------------------------------------------

6.1.2
MAC PDU (DL-SCH and UL-SCH)

A MAC PDU consists of a MAC header, zero or more MAC Service Data Units (MAC SDU), zero, or more MAC control elements, and optionally padding; as described in figure 6.1.2-3. 

Both the MAC header and the MAC SDUs are of variable sizes.

A MAC PDU header consists of one or more MAC PDU sub-headers; each sub-header corresponding to either a MAC SDU, a MAC control element or padding. 

A MAC PDU sub-header corresponding to a MAC SDU consists of the six header fields LCID/E/R/R/F/L (as described in figure 6.1.2-1) but for the last sub-header in the MAC PDU which consists solely of the four header fields LCID/E/R/R (as described in figure 6.1.2-2).

A MAC PDU sub-header corresponding to a MAC control element consists of the six header fields LCID/E/R/R/F/L but for the last sub-header in the MAC PDU and for fixed sized MAC control elements which consist solely of the four header fields LCID/E/R/R.

A MAC PDU sub-header corresponding to padding or to the DRX MAC control element consists of the four header fields LCID/E/R/R.

-------------------------------------------    Text Omitted    -----------------------------------------------

------------------------------------------- Sections Omitted -----------------------------------------------

6.1.3.3
DRX MAC Control Element

The DRX MAC control element is identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1.-2. It has a fixed size of length zero. 
------------------------------------------- Sections Omitted -----------------------------------------------

6.2.1
MAC header for DL-SCH and UL-SCH 

The MAC header is of variable size and consists of the following fields:

-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding as described in tables 6.2.1-1 and 6.2.1-2 for the DL and UL-SCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding included in the MAC PDU. The LCID field size is 5 bits.

-
L: The Length field indicates the length of the corresponding MAC SDU or MAC control element in bytes. There is one L field per MAC SDU included in the MAC PDU except for the last MAC sub-header. For MAC control elements, the presence of an L field depends on the type of MAC control element. The size of the L field is indicated by the F field.

-
F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per MAC SDU included in the MAC PDU except for the last MAC subheader. The size of the F field is 1 bit.

-
E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate another set of at least LCID/E/R/R fields. The E field is set to "0" to indicate that either a MAC SDU, a MAC control element or padding starts at the next byte

-
R: Reserved bits.

The MAC header and sub-headers are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH; 

	Index
	LCID values

	00000-xxxxx
	Identity of the logical channel

	xxxxx-11100
	reserved

	
	

	11101
	[Timing Advance]

	11110
	DRX 

	11111
	Padding



















































































































































































