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1 Introduction

There appears to be consensus that a two level DRX scheme (i.e. comprising a non-DRX mode, short DRX mode and a long DRX mode) is needed in RRC connected mode. This is to ensure that (a) UEs can remain in RRC connected mode for longer periods without significant deterioration of their battery life, and (b) data to be sent to UEs does not experience large delays.
Traffic characteristics for NRT services have a great deal of variations and a DRX pattern adopted at the start of a session may be ineffective or counter-productive later in the session due to (a) changing user demands, and (b) changing network & content provider loading conditions. Therefore it is necessary to be able to adjust the DRX behaviour to suit the ongoing services.
2 Discussion
Traffic characteristics for NRT services can undergo a lot of change during a session. For example consider the case where a user starts a web-browsing session. Later, as part of the web-browsing session, the user starts a file download. This results in a web-browsing session changing over to an FTP session and then back to a web-browsing session. Traffic characteristics for web-browsing are substantially different from those for an FTP session. The duration between packet bursts is long for web-browsing and short for FTP. Also web-browsing involves a processing time of a web-page that results in download of smaller additional objects. 
Another example is the situation where an FTP session is first started and has a high data rate. As the file download progresses, due to scheduling prioritization at the FTP server, the data rate drops and the duration between successive packets increases (in many cases, for reasonably large files, the data rate drops to a fraction of the data rate at the start of a session).

These general examples illustrate the point that a DRX pattern that is established at the start of a session may be ineffective later in the session and they could even be counter-productive (result in unnecessary delays and excessive battery impact). We believe that it is necessary to be able to adjust/adapt the DRX parameters to correct for changing traffic conditions. This view has also been expressed in [1]. However, [1] proposes a multi-level DRX scheme that enables some degree of adaptability. Here we show how adaptation is possible with the two level scheme to meet the changing traffic needs.
First we outline the two level DRX behavior:
1. After receiving a packet, a UE remains in non DRX mode for a “non-DRX-duration”. If UE does not receive any packets over the non-DRX-duration it transitions to the Short DRX mode.
2. Upon entering short DRX mode, UE repeats up to a “Short DRX duration” the following steps:
a. DRX for “Short_DRX_cycle_duration”, and

b. Non DRX for “Short_DRX_mode_on_duration”.
If UE receives a packet in one of the non DRX periods it follows step 1. After Short DRX duration (i.e. if UE does not receive any packets over the Short DRX duration, UE transitions to long DRX.
3. Upon entering long DRX mode, the UE repeats indefinitely the following steps:

a. DRX for “Long_DRX_cycle_duration”, and

b. Non DRC for “Long DRX_mode_on_duration”.
This is illustrated in Figure 1. 
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Figure 1 : Two level DRX
The behavior above identifies the following DRX parameters:

1. Non-DRX-duration

2. Short-DRX-cycle-duration

3. Short-DRX-duration

4. Short-DRX-mode-On-duration

5. Long-DRX-cycle-duration

6. Long-DRX-mode-On-duration

7. Time-to-long-DRX

It should be noted that some of these parameters do not change during a session. We define a “Static-DRX-parameter-set” by identifying parameters that typically do not need to be changed during a session. Specifically:

· The maximum delay experienced by a packet before delivery to a UE is controlled by the ‘Long-DRX-Cycle-duration’. Generally, for a given application the maximum allowable delay is known. So for a given application ‘Long-DRX-Cycle-duration’ is fixed.
· The ‘Long-DRX-mode-On-duration’ and the ‘Short-DRX-mode-On-duration’ give the network a scheduling window to schedule any buffered packets. Thus scheduler flexibility primarily determines the values of these parameters. There is typically no need to change these two parameters during a session.
· The ‘Short-DRX-cycle-duration’ limits the delay within a burst of packets. For example streaming applications have a low tolerance to delay once a packet burst has started, whereas web-surfing applications have a high tolerance to delays within a burst. Thus the value of the ‘Short-DRX-cycle-duration’ is based on the type of application and does not typically change during a session.
· The ‘Time-to-long-DRX’ parameter ensures the UE enters long DRX in a reasonable amount of time. The long DRX cycle gives the UE maximum battery savings. Therefore, all else equal, it is beneficial to converge to the long DRX mode as quickly as possible. The value of ‘Time-to-long-DRX’ may be a function of the type of traffic. We do not believe that there is a need to adjust this parameter during a session. 
The variation in traffic characteristics can be handled by the remaining two parameters – ‘Non-DRX-duration’ and ‘Short-DRX-duration’. More specifically, the packet delay statistics are a function of the ratio of Non-DRX-duration to the Short-DRX-duration. Lowering this ratio increases the delays and increasing this ratio reduces the delays. We refer to this ratio as the ‘Dynamic-DRX-parameter’.

Thus, as the traffic characteristics change, only the Dynamic-DRX-parameter needs to be updated to adapt the DRX pattern. The updated Dynamic-DRX-parameter needs to be signaled between the network and the UE to ensure synchronization. 

Identification of the changing traffic characteristics can be done by measuring statistics such as packet arrival rates over time. Whether this measurement should be done at the eNB or at the UE needs further study.
3 Conclusion
The two level DRX scheme can adapt to changing traffic characteristics. We have distinguished parameters that are static and dynamic for a session. Adapting to changing traffic characteristics only needs the dynamic DRX parameter to be signalled between the UE and the network. We propose that RAN2 agree on the following:
1. Identify a “Static-DRX-parameter-set” and a “Dynamic-DRX-parameter-set”
2. Static-DRX-parameter-set to contain ‘Long-DRX-Cycle-duration’, ‘Long-DRX-mode-On-duration’, ‘Short-DRX-mode-On-duration’, ‘Short-DRX-cycle-duration’ and ‘Time-to-long-DRX’.
3. Dynamic-DRX-parameter-set to contain ratio of ‘Non-DRX-duration’ to ‘Short-DRX-duration’.
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