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1
Introduction
Long DRX Command MAC CE was proposed in the previous meeting to enforce the UE to use long DRX Cycle before expiry of drxShortCycleTimer [1]. More detailed evaluation of the gain was requested by the group [2]. In this contribution, we provide further analysis and propose to introduce this new MAC CE.
2
Discussion
LTE Connected mode DRX currently works in a way that implicit switching between short and long DRX Cycle is applied, i.e. short DRX cycle will be used upon expiry of drx-InactivityTimer (which is (re)started by scheduling of new DL assignment/UL grant), and at the same time drxShortCycleTimer is (re)started; long DRX cycle will be used at expiry of drxShortCycleTimer. DRX Command MAC CE could be used to stop onDurationTimer and drx-InactivityTimer, Short DRX Cycle is used afterwards.
In a multi-bearer configuration, usually both Short and Long DRX will be configured. When only data transmission for a delay tolerant Logical Channels is ongoing, for which Long DRX would be enough, short DRX would still be followed for the duration of the drxShortCycleTimer for every new packet transmitted, as shown in Figure 1a). This increases PDCCH monitoring and periodical CQI/SRS transmission unnecessarily and drains the battery. 
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Figure 1 DRX operation with/without Long DRX MAC CE 

It was commented during the discussion that eNB implementation could solve the problem by configuring shorter drxShortCycleTimer or de-configure Short Cycle via RRC reconfiguration. However, the DRX parameters are not arbitrarily set only concerning UE’s power consumption, but for different purposes depending on traffic characteristic of all the bearers configured to the UE. 
For instance, for the type of traffic with frequent packet arrival, e.g. every tens of or hundreds of ms, it is reasonable to keep the UE in-sync to avoid performing Random Access for each packet transmission, while the packets transmission of every hundreds ms might not be enough for the eNB to keep tracking of the UL timing. CQI/ SRS aligning with Short Cycle would usually be configured to provide enough UL transmission between the packet intervals. Therefore, the setting of shortDRX-Cycle and ShortCycleTimer would depend on the packet arrival interval of such bearer(s) and also the value of TimeAlignmentTimer. 
While for other type of traffic with less frequent packet arrival, e.g. sporadic pattern of a few seconds for background traffic, keeping the UE always in-sync would consume too much power consumption for the periodic CQI/SRS transmissions and also inefficient from PUCCH resource management point of view. Using Long DRX makes more sense.
In practise, it is impossible to perform RRC reconfiguring frequently to switch between using Short Cycle and Long Cycle (or to change the length of the Long Cycle if only one Cycle is configured) as suggested. Otherwise, there would not have been two DRX cycles defined for LTE in the first place. 

The controlling of Short and Long DRX Cycle is more a MAC level functionality after the RRC layer configured the bearers and DRX related parameters according to the traffic characteristics, because the MAC layer scheduler is aware of which Logical channels has data communication ongoing and could adapt to it more dynamically. The proposed Long DRX MAC CE introduces the possibility to avoid the unnecessary staying in short DRX and provides more flexibility for the eNB. 
3
Analysis
In this section, we provide some simple mathematical analysis to estimate the ratio of time that a UE stays in active mode. The background traffic is assumed where the average internal arrival time between two consecutive packets is indicated as IAT. For other type of traffic on top of that, no real tracing data is used in the simulation. Instead we modelled it in a way of assuming for x% of the background traffic the Long MAC CE can be used e.g. when there will not be data communication on other bearers. 

For the DRX operation without Long DRX MAC CE in Figure 1a), the average ratio of time that a UE stays in active mode could be formulated as below:
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And for the DRX operation with Long DRX MAC CE in Figure 1b), the average ratio of time that a UE stays in active mode is shown as:
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Based on the equations above, we could illustrate the trend that the power is saved relative to the shortCycletimer. We assume OnDuration = 10ms; drxShortcycle = 80ms; ShortcycleTimer = N*drxshortcycle.
In the figure 2a), x-axis indicates N where shortCycletimer = N*drxShortcycle. In figure 2b), x-axis shows the value of drxLongcycle and in figure 2c), x-axis represents x% of packets sent along with Long MAC CE. Y-axis shows the ratiod of time that a UE stays in active mode, i.e. R indicated in above equations. The x value very much depends on implementation of the scheduler, as well as the traffic pattern. 50% is assumed in figure 2a) and 2b), which we believe should be a fair assumption since most of the time the UE should be in Connected mode with only background traffic. From the results, it shows the proposed long DRX MAC CE could efficiently save UE power by minimizing the time a UE spent in active time. 
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Figure 2a) the ratio of time that a UE stays in active mode relative to N
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Figure 2b) the ratio of time that a UE stays in active mode relative to drxLongCycle
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Figure 2c) the ratio of time that a UE stays in active mode relative to x%
4
Conclusion
Based on the the analysis section 2 and 3, we propose to introduce the Long DRX MAC CE, which will stop the onDurationTimer and drx-InactivityTimer, and enforce the UE to use Long DRX. TP for the proposal is provided below and corresponding CR in [3].
Beginning of Text Proposal

5.7
Discontinuous Reception (DRX)

…

When DRX is configured, the UE shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe and the data of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process.

-
if a DRX Command MAC control element or a Long DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

-
if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:

-
if the Short DRX cycle is configured:

-
start or restart drxShortCycleTimer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if drxShortCycleTimer  expires in this subframe or a Long DRX Command MAC control element is received in this subframe:

-
use the Long DRX cycle.
-
if drxShortCycleTimer  expires in this subframe:

-
use the Long DRX cycle.

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.
Next modified section
6.1.3.x
Long DRX MAC Control Element

The Long DRX Command MAC control element is identified by a MAC PDU subheader with LCID as specified in table 6.2.1-1.

It has a fixed size of zero bits.
Next modified section
6.2.1
MAC header for DL-SCH, UL-SCH and MCH

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, 6.2.1-2 and 6.2.1-4 for the DL-SCH, UL-SCH and MCH respectively. There is one LCID field for each MAC SDU, MAC control element or padding included in the MAC PDU. In addition to that, one or two additional LCID fields are included in the MAC PDU, when single-byte or two-byte padding is required but cannot be achieved by padding at the end of the MAC PDU. The LCID field size is 5 bits;

-
L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC control element in bytes. There is one L field per MAC PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. 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 PDU subheader except for the last subheader and subheaders corresponding to fixed-sized MAC control elements. The size of the F field is 1 bit. If the size of the MAC SDU or variable-sized MAC control element is less than 128 bytes, the value of the F field is set to 0, otherwise it is set to 1;

-
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 R/R/E/LCID 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 bit, set to "0".

The MAC header and subheaders are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11001
	Reserved

	11010
	Long DRX Command

	11011
	Activation/Deactivation

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11000
	Reserved

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


Table 6.2.1-3 Values of F field:

	Index
	Size of Length field (in bits)

	0
	7

	1
	15


Table 6.2.1-4 Values of LCID for MCH

	Index
	LCID values

	00000
	MCCH (see note)

	00001-11100
	MTCH

	11101
	Reserved

	11110
	MCH Scheduling Information

	11111
	Padding

	NOTE: If there is no MCCH on MCH, an MTCH could use this value.


End of Text Proposal
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