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1 Introduction

The current agreements regarding DRX handling in LTE_ACTIVE are listed in Chapter 12 of [1] and [5]. According to this list, the available DRX values are controlled by the network and there are no RRC or MAC sub-states to distinguish between different levels of DRX. With reference to the current agreements about DRX, the issue of (1) how many DRX cycles (“different levels of DRX”) should be supported and (2) whether explicit or implicit transitions between these different levels should be used needs to be resolved. (On these issues and various earlier proposals see also [2].) 

Specifically, the current text in the CR [5] notes the following FFS item:

the UE autonomously goes back to DRX with a predefined cycle after not receiving any allocation for a given duration. The predefined DRX cycle may be shorter than the initial one. And if it is, a longer period of inactivity will bring the UE back to the initial DRX cycle directly or by successive steps (FFS).

In a previous contribution we proposed a two-level semi-autonomous DRX scheme in which RRC signaling is used for basic configuration, MAC signaling is used to indicate changes between the two levels and UE autonomous behavior is used within the current level [3]. In this contribution we reinforce this proposal by describing how the scheme works for non-real time (best effort) services. The advantages of this scheme with respect to the recognized DRX requirements [4] are minimizing the signaling overhead but making it possible to adaptively adjust the DRX cycle to the current traffic pattern. From the point of view of the complexity in the UE and in the eNB, this scheme is not more complex than other two-level schemes, although the description of the system may be a bit more involved.
2 Operation of the Semi-Autonomous DRX Control Scheme for Best Effort Services
For best effort data traffic, the operation of the proposed semi-autonomous scheme is described in Figure 2. The scheme is based on the recognition that for data traffic, the packet inter-arrival time variations can be significantly larger than the minimum time interval for which it is worth sending the UE to DRX mode (5-10 ms). Depending on the data application, user behavior, prevailing radio conditions and other factors, the packet inter-arrival time within a burst and between bursts can range between a few milliseconds and several tens or hundreds of milliseconds. The semi-autonomous scheme addresses this situation by allowing the UE to “cautiously probe” towards longer DRX periods without requiring radio interface signaling. Since only a set of well defined DRX values (of the form of the power of 2, the lowest and highest values being configured by the eNB) are valid, the eNB can easily keep track of the current DRX value. 
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Figure 2: Illustration of the two-level semi-autonomous scheme for non real time traffic.
Since the eNB can have knowledge about the buffer content in the downlink, it can use explicit MAC signaling to send the UE to “immediate sleep”, that is to the long (Level 1) DRX cycle. 

Within LEVEL-1, the sub-levels are RRC configured such that the UE “initially” does not sleep for long period (anticipating a new data burst), and therefore the eNB can send the UE to this Long DRX level earlier than it would do by having just one level within LEVEL-1. This means that due to the multiple levels within LEVEL-1, the scheme provides an indirect additional benefit in terms of UE battery saving.

The proposed scheme has the additional advantage that the DRX cycle is autonomously adjusted to the inter-arrival time of packets “on the fly”, that is without the need to have explicit (a-priori) knowledge about the exact traffic pattern. This autonomous behavior is particularly useful for UEs (including laptops equipped with a PCMCIA card) that may run multiple data applications, in which case applications can use periodic “keep-alive” type of traffic. Such keep-alive traffic can have different frequencies and thus it is difficult to predict (and pre-configure) the appropriate DRX cycle.
3 Performance Gains of the Semi-Autonomous Scheme
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Figure 2: The major (but not only) source of the performance gains of the semi-autonomous scheme is that the UE switches to longer DRX cycles when it is possible (no data to send/receive) without any radio interface signaling. On the other hand, if the short DRX is configured to a longer value (e.g. 3rd line from bottom) the relatively long DRX cycle introduces too long delays during a data burst.

Figure 2 illustrates the major performance gain of the proposed scheme. Suppose that the DRX cycle is configured for a low value to ensure low delay for a bursty data application. During idle periods, this short cycle means battery power wastage. With the fixed scheme this problem is addressed by frequent (typically MAC) reconfigurations, which means radio resource usage for control plane. 
Another gain (not shown in Figure 2) is that the eNB can send the UE to the Long DRX more often than without multiple sub-levels. This is because the sub-levels within the Long DRX allows the UE to faster detect a data burst, since among the multiple levels there may be shorter DRX values than there would be with a single level DRX scheme.
4 Conclusions and Proposal
Based on the discussion in Section 2 and the listed advantages, we propose that RAN2 agrees that for non-real time services, a semi-autonomous DRX scheme be supported in RRC_CONNECTED. We also propose to capture the description of the semi-autonomous scheme in Chapter 12 of TS 36.300. 
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