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1 Introduction

The current text in Chapter 12 of [1] describes the DRX operation in RRC_CONNECTED state. In RAN2, there is a consensus that LTE shall support a two-level DRX scheme that allows the UE to “wake up” and stay dormant at two different time scales. The basic rationale for this scheme is that the traffic pattern typically varies such that packet inter-arrival times are governed by several traffic streams, including voice and various data flows.

In a previous contribution we argued for a UE semi-autonomous DRX scheme that retains network control but at the same time allows the UE to adapt its DRX cycle to a traffic pattern that varies at more than two time scales [3]. In this contribution we clarify the operation of the semi-autonomous scheme and present a simple but rather general model to quantify the gains of this proposed scheme. Note that the present contribution is a resubmission of R2-072557.
2 A Semi-Autonomous DRX Scheme for RRC_CONNECTED
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Figure 1: An illustration of the semi-autonomous DRX scheme and its associated parameters. Basically, the scheme is specified by the allowed DRX values (here S0 corresponding to continuous reception) and theTi time out values that determine when the UE should increase its DRX cycle to the next allowed value (here illustrating 3 additional levels: S1, S2, S3).

The UE semi-autonomous scheme and its important parameters are shown in Figure 1. The possible DRX values S0 (continuous reception) S1, S2, S3,… and the time out values that determine when the UE should increase its DRX cycle are configured by RRC. The transition from the Long DRX (Level 1) to the short DRX (Level 2) values can happen either explicitly (using e.g. a MAC control PDU) or implicitly upon packet scheduling. When the UE’s DRX cycle is in the short DRX set, the UE uses a timer to determine its DRX cycle. Specifically, Ti [ms] time after the recent scheduling instance, it increases its DRX from level Si to Si+1 (from S1 to S2 after T1 time out value). 

Note that this scheme falls back to the simple two-level scheme when only one sub-level is configured for both the Long and the Short DRX range.

3 Characterizing DRX Schemes 

A DRX scheme represents a trade-off between the achieved battery saving (essentially the fraction of time when the UE is “sleeping”) and the delay that data packets suffer while waiting for the UE to wake up. More precisely, the characteristics of a DRX scheme can be summarized as follows:

· The fraction of time the UE transmitter/receiver is turned off and the relation of this time to the caused delays to user data packets

· The amount of signaling needed to control and adjust the DRX cycle

· The robustness and recovery procedure when there is a mismatch between the RAN and the UE regarding the DRX cycle and wake up instances

· The NW ability to plan and control UE wake up occasions such that the wake up times of a large group of UEs do not coincide, and thus allow for efficient scheduling.

4 Characteristics of the Semi-Autonomous DRX Scheme

In order to characterize the sleeping time (Characteristics 1 above) of the semi-autonomous scheme through an example, let us assume the following. In case of best effort data, packet size may drastically vary, but assuming for instance 1500 octets packets, 3 ms inter-arrival time corresponds (roughly) to 4 Mbps, 24 ms to 0.5 Mbps average bit rate. For best effort users, bit rates around 0.5-10 Mbps can be used as examples for rough calculations. Obviously, packet inter-arrival time is affected by user behavior, web page content and other factors. For streaming services, packet inter-arrival time is also affected by the codec rate, packet size distribution, QoS setting and other characteristics. Thus, depending on the application, 50, 100, 200 ms or higher are fully possible. To take an example, consider the following example for the parameter setting of the DRX scheme:

· S0, S1, S2 S3, S4:
Continuous (0 ms), 8 ms, 16 ms, 32 ms, 64 ms (possible DRX values)

· T0, T1 and T2

4 ms, 8 ms, 16 ms, 32 ms (time out values, see Fig 1)

· I1, I2, I3


3 ms, 50 ms and 100 ms (packet inter-arrival times, see Fig 1)

· Dmax


80 ms (max tolerated delay)

Note that for the packet inter-arrival times, significantly higher values, ranging to 512 ms or several seconds (while still in RRC_CONNECTED) are fully possible for many services. Also, Dmax can be orders of magnitude higher (ranging again to 512 ms or 1 s). When this is the case, Si (i=4,5,…) values corresponding to 128 ms, 256 ms,… values should be configured as additional levels in the proposed DRX scheme.
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Figure 2: A simple example to illustrate the gains in terms of sleeping time when using the semi-autonomous scheme. The amount of time spent in dormant mode is basically determined by the number of wake up instances; therefore these are indicated explicitly.
Figure 2 illustrates the operation of the semi-autonomous scheme in this simple example. Since the maximum tolerated delay is Dmax=80 ms, the longest DRX cyle is set to the closest lower power-of-2 value (here 64 ms; the next level S5 would be 128 ms). Assuming that the time duration x for which the UE stays awake when there is no scheduled data is short in relation to Si (that is the sleeping times), the semi-autonomous scheme allows for sleep periods of (roughly):

8+(16-x)+(32-x)+…. (See Figure 2)

The actual occurances of the sleep periods of different lengths are governed by the distribution of the packet inter-arrival times. 

In the semi-autonomous scheme, the possible DRX cycle times (S0, S1,…) can be advantageously set to values that facilitate fast and simple recovery of a mismatch between the UE and RAN. As it was discussed in [3], when the Si-s are the power of 2 values, it is straightforward for the eNB to find the wake up occiasions of the UE. Finally, by setting the starting points of the different UEs to different times, it is possible to spread the wake up occasions such that a “DRX congestion” (too many UEs waking up at the same time instance) is avoided.
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Figure 3: A DRX Scheme in which the Short DRX scheme comprises a single level of DRX (whose cycle is set to SX). In this scheme the UE needs to wake up at every SX missliseconds irrespective of the traffic activity.

Figure 3 illustrates a simple two-level DRX (continuous and another level) in which, while in the short DRX, the UE needs to switch on its receiver at predetermined points in time, basically indenepnently of the traffic activity. While it is possible to change the DRX cycle by RRC or MAC signaling, it implies signaling overhead (RRC or MAC). A major problem of such an explicitly signaled DRX control mechanism is that it is virtually impossible to set the “right” DRX value, since packet arrivals can be extremely bursty and inter-arrival time distributions are often heavy tailed. The “right” DRX value maximizes the UE overall sleep time under the constraint that the maximum tolerable DRX related delay should not be exceeded. 

Note that the number of wake up occasions in the fixed two-level scheme becomes higher when packet inter-arrival times tend to exceed the pre-configured DRX cycles (exemplified by S2 in Figure 3).

There are no differences between the semi-autonomous DRX scheme and the two-level DRX scheme with respect to impacts on how HARQ retransmissions and semi-persistent scheduling are handled when DRX is active. 

5 Gains in the Presence of Mixed Services and Keep Alive Signaling
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Figure 4: Operation of the semi-autonomous scheme in the presence of mixed services. The upper packets represent data traffic, the lower packets belong to a voice session. Since the overall inter-arrival times can be seen as the inter-arrival times of the superposition of the simultaneous traffic flows, the UE stays longer in continuous reception and in low DRX cycles.

When the UE uses multiple services simultaneously, the actual inter-arrival times of packets are determined by the superposition of the individual traffic streams. In addition, the various services (and notably voice and other real time services) may have different maximum delay requirements. In this case, the most stringent delay requirement imposes an upper limit of the maximum allowed DRX level (Dmax) (for instance S3 in Figure 4 may not be acceptable for voice).

Figure 4 exemplifies the mixed service case. In this case there are two services (best effort data (upper packets) and voice (lower packets)). Comparing Figure 4 with Figure 2 it is clear that the UE stays more in continuous reception and on S1. At some cases, inter-arrival times of voice packets can exceed 20 or even 30 ms, in which case the semi-autonomous scheme allows the UE to increase its DRX cycle to S2 and S3 levels at the expense of increasing the maximum delay for voice packets (in this example up to 16 ms, which is certainly acceptable). 

In the example of Figure 4, the gains of the semi-autonomous scheme are two-fold:

· No signaling to increase the DRX cycle length (UE autonomously increases e.g. from S1 to S2)

· Longer time spent in “sleep” (receiver/transmitter turned off) due to fewer wake up occasions than being continuously in S0 or S1. 

Keep alive messages are essential for the operation of many data and real time applications. Both the inter-arrival times and the maximum tolerated delay of such keep alive messages much depend on the particular application. Similarly to voice packets, the impact of keep alive messages on the DRX operation is that (1) the UE tends to stay more on “lower” DRX levels (S0 and S1) and that the allowed DRX levels must be constrained by the most stringent delay requirement. Therefore, as the number of parallel streams increases, the potential gain of the semi-autonomous scheme descreases.

6 Conclusions

In this contribution we proposed the following:

· The UE should semi-autonomously and adaptively set its DRX cycle such that when traffic is scarce, the DRX cycle length should be increased.

· The RAN should configure the parameters of the semi-autonomous DRX scheme, such that network control is preserved. These parameters are the allowed DRX values (Si) and the associated time values (Ti).

We discussed the following advantages of the semi-autonomous DRX scheme for LTE:

· The UE spends more time in DRX. This is because the UE increases its DRX cycle during periods in which packet inter-arrival times vary between values that are significantly different from a DRX perspective (for instance when the short and long interarrival times differ more than 40-50 ms). In the semi-autonomous scheme there is no need for the RAN to configure the “right” DRX value, since the UE adapts DRX on its own.

· There is no need for rado interface signaling to reconfigure DRX cycles.

The actual numbers for both of these gains depend on the actual traffic pattern, but the gains are greater when there are a few in-progress services (as opposed to many parallal sessions) and when the maximum tolerable delay (either due to user plane requirements or control plane requirements, including the maximum delay of keep alive packets) is higher (in the range of 20 ms or more).

The proposed DRX solution is robust to misalignment between the RAN and the UEs and it allows the RAN to spread the wake up occasions of the various UEs so that “DRX congestion” is avoided.

We propose to include the semi-autonomous scheme as the base line DRX scheme for RRC_CONNECTED in Chapter 12 of 36.300. Specifically we propose:

· RAN2 should allow the configuration of the DRX scheme such that multiple levels are allowed and the UE can semi-autonomously choose the DRX level, as described in this document.
· The timers associated with the semi-autonomous scheme as well as the specific levels can be configured by RRC.
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