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1 Introduction

At recent RAN2 meetings and on the reflector the requirements on DRX/DTX support in LTE_ACTIVE have been extensively discussed [1]. In order to meet these requirements, several contributions have identified key tradeoffs and proposed various approaches to DRX control [1]-[8]. The most important distinguishing features of these proposals include (1) the issue of defining DRX cycles on a single or on multiple time scales and (2) allowing UE autonomous behavior or building on network control.
In the accompanying contribution the high level principles for DRX have been discussed, notably the arguments for a two-level DRX scheme have been presented [10]. In the present contribution we propose a specific DRX method for LTE_ACTIVE that is similar to DRX handling for paging in WCDMA [9]. While this mechanism can be applied to both one-level and two-level DRX, we argue that a two-level approach is more efficient in terms of supporting mixed voice and data services.
2 Basic DRX Considerations
When using DRX in LTE_ACTIVE, the DRX cycle length needs to be controlled so that the UE can send/receive data with sufficiently low latency but allowing for low power consumption. The DRX period can be controlled by RRC and/or MAC signaling, or it can rely on the UE autonomously adjusting its DRX cycle. While in this latter case the signaling overhead over the radio interface is reduced, the issue becomes that the network must keep track of the current DRX cycles of the UEs in LTE_ACTIVE. This is because the RAN must be able to schedule a specific UE when, for instance, a burst of data needs to be delivered to the UE within a pre-defined deadline (depending on, among other aspects, the QoS requirements). 
The control delay associated with MAC or RRC signaling must be minimized in order to meet the low-latency requirement as described in [1]. While MAC signaling has generally lower signaling delay, it implies some overhead over the radio interface and so the control information must be kept at a minimum. 
Since different DRX patterns are required for different services, a two-level DRX scheme has advantages over a DRX scheme that needs to be reconfigured as different services become active for a specific UE. The advantages of such two-level scheme have been summarized in [1] and [10]. Even with the two level scheme, data activity (that is the packet inter-arrival times for various data and real time services) can vary during the lifetime of the service. Therefore, the optimum DRX time can vary in time while in the long DRX or in the short DRX cycle. 
3 A RAN Controlled Semi-Autonomous One-level DRX Scheme
When the UE does not have data to transmit and receive, it is desirable to gradually increase its DRX cycle so as to allow for power saving. The UE is well positioned to increase its DRX cycle, since it has knowledge about the time instant when it was recently scheduled. On the other hand, the currently valid DRX cycle needs to be known by the RAN to ensure low delay when there is data to schedule.
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Figure 1: A RAN controlled Semi-Autonomous one-level DRX scheme. This scheme is based on the pre-configured (signalled on RRC) minimum and maximum DRX cycle length values and on pre-defined UE behaviour that allows the RAN to keep track of the currently applied UE DRX cycle with minimum amount of signalling.
A one-level scheme that addresses the above requirements is illustrated by Figure 1. The DRX pattern is characterized by the following parameters (and “rules”):
· Minimum and maximum DRX cycle length.

· Condition to be fulfilled in order for the UE to increase its DRX to the next allowed DRX cycle time. This can be the number of DRX cycles (N_DRX) when the UE is not scheduled, or it can be a specific time interval since the last change when the UE was not scheduled (T_DRX).

· As soon as the UE is scheduled for data transmission, it autonomously switches to the minimum DRX cycle.

The DRX scheme of Figure 1 relies on the common absolute clock that is available in LTE based on the system frame (and sub-frame) numbering. Basically, we assume that the UE has acquired and maintains frame level synchronization prior to switching off its receiver (due to DRX). The UE has its own clock that is adjusted (if necessary) to the cell frame timing each time the UE wakes up. While in DRX, the UE relies on its own clock. 

In order to limit the number of possible (valid) DRX cycles, the DRX cycle time should be of the form: BASE * 2^k. For instance, assuming BASE = 10ms and possible k values of 0, 1, 2, …,6, the MIN and MAX DRX cycles are 10 ms and 640 ms respectively. This form of the DRX is similar to that used in WCDMA for paging [9].
This scheme readily allows to spread the UEs wake up instances so as to avoid the situation in which all UEs would need to be scheduled at the same time.

The specific format of the DRX cycle and the “UE behavior rule” (as in the second bullet above) allows the eNB to know the next time instant when the UE receiver is on. However, even if the RAN and the UE gets out of sync due to some error condition, the eNB can use trial-and-error procedure to find out the currently valid DRX.
4 A RAN Controlled Semi-Autonomous Two-level DRX Scheme
[image: image2.wmf]RRC:

•

Min DRX cycle length:    10 ms

•

Max DRX cycle length: 160 ms 

10

ms

10

ms

20ms

160ms

…

320ms

Common L1/2 

clock is assumed

eNB

UE

Level 2 (Short)

•

Min DRX cycle length:       320 ms

•

Max DRX cycle length:      640  ms 

Level 1 (Long)

…

RRC or MAC: 

Change to Level 1 

•

eNB signals (RRC) the basic configuration (MIN/MAX DRX) on 2 le

vels to UE

•

UE starts with Level 2 (short DRX). Within 

“

short DRX

”

it autonomously changes

between MIN and MAX values (according to prescribed rule)

•

eNB can keep track of the currently valid DRX cycle, since it k

nows the reference

point in time

”

and the governing rule (when to jump to next cycle length value

)

•

If eNB looses track (due to some error condition), 

it employs trial/error procedure to capture the wake up time o

f the UE

•

eNB uses MAC or RRC signaling to change the DRX cycle to the ot

her level

20ms

…

Increase DRX 

to next valid value

…

640ms

•

DRX Cycle Starting (

Sub)frame

RRC:

•

Min DRX cycle length:    10 ms

•

Max DRX cycle length: 160 ms 

10

ms

10

ms

20ms

160ms

…

320ms

Common L1/2 

clock is assumed

eNB

UE

Level 2 (Short)

•

Min DRX cycle length:       320 ms

•

Max DRX cycle length:      640  ms 

Level 1 (Long)

…

RRC or MAC: 

Change to Level 1 

•

eNB signals (RRC) the basic configuration (MIN/MAX DRX) on 2 le

vels to UE

•

UE starts with Level 2 (short DRX). Within 

“

short DRX

”

it autonomously changes

between MIN and MAX values (according to prescribed rule)

•

eNB can keep track of the currently valid DRX cycle, since it k

nows the reference

point in time

”

and the governing rule (when to jump to next cycle length value

)

•

If eNB looses track (due to some error condition), 

it employs trial/error procedure to capture the wake up time o

f the UE

•

eNB uses MAC or RRC signaling to change the DRX cycle to the ot

her level

20ms

…

Increase DRX 

to next valid value

…

640ms

•

DRX Cycle Starting (

Sub)frame


Figure 2: A RAN controlled Semi-Autonomous two-level DRX scheme. This scheme is based on the pre-configured (signalled on RRC) minimum and maximum DRX cycle lengths for both levels and on pre-defined UE behaviour that allows the RAN to keep track of the currently applied UE DRX cycle with minimum amount of signalling. The RAN uses RRC or MAC signalling to indicate a change between the levels.

Figure 2 applies a similar semi-autonomous behaviour to the two-level DRX scheme. In this case, the RAN configures both levels in terms of the minimum and maximum cycle lengths. In addition, assuming a similar form for the allowed (valid) DRX cycle lengths as for the one-level case, the associated k and N_DRX and T_DRX values need to be signalled to the UE. While the DRX cycle ranges indicated in Figure 2 do not overlap, overlapping DRX ranges (for Level 1 and 2) can also be configured. Note that changing from the long level to the short level cycle happens fast and with small signalling overhead.
There are two distinguishing characteristics of the Long DRX cycle as compared to the Short DRX:

· The two level scheme allows the RAN to virtually instantaneously (at the subsequent awake time instant) increase the DRX cycle with minimum amount of signalling (using MAC).
· Defining two levels limits the maximum number of trial-and-error attempts in the case when the eNB employs such a trial-and-error procedure.
A special case is when DRX_MIN=DRX_MAX (can be applicable at both levels), in which case there are only two possible DRX cycle values (one value for each level). Another special case is when Short_DRX_MIN=Short_DRX_MAX=Long_DRX_MIN=Long_DRX_MAX, in which case the two level scheme falls back to the one level scheme. 

5 Conclusions

DRX control in LTE_ACTIVE needs to balance between signaling overhead and optimum setting of the DRX period. We propose a semi-autonomous UE behavior, in which the UE can adaptively increase and decrease its DRX period within the network controlled minimum and maximum values. Since the UE behavior and the associated parameters are known/controlled by the network, this scheme allows the DRX cycle to be set according to the traffic activity without much signaling. The basic scheme (exponentially increasing the DRX cycle time) is in use in WCDMA networks and can be adopted to LTE as described in this contribution. 
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