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1
Introduction

Based on the currently ongoing reflector discussion, minutes from RAN57 meeting and the current working draft of 36.300 it seems very clear that the DRX in E-UTRAN will be based on a two level DRX concept. In our earlier contributions concerning items which impacts or is impacted by the DRX scheme [1-3] we have also actively been promoting and supporting a DRX scheme in E-UTRAN which is based on a two level concept. In this contribution we will look at the details of the 2nd level DRX and the need for support of flexibilty on this level.
2
HTML traffic model
Designing a good DRX scheme means taking into account both overall system performance and complexy. On UE side this e.g. means support of good power saving capabilities while at the same also provide for good user experience in terms of delay and responsiveness to user actions. On network side it includes support of flexible scheduling possibilities of UE’s in Active mode while being able to provide good power saving possibilities to UE’s in Active mode.
We have in an earlier contribution [1] used the basic examples of VoIP and web-browsing as use cases for DRX discussion. These use cases will be used here as well to show how support of semi-static DRX combined with a flexible 2nd DRX can provide efficient support for both connection classes separately as well as in mixed traffic situations.
As base for the disccusion we use the 3GPP approved HTML traffic model from [4] together with a working assumption of a VoIP call not using packet bundling and having possible packets scheduled every 20ms. From [4] it is evident that a in the HTML model the packet session consist of a number of packet calls which exibits similar behaviour. A packet call consists of a main object and a number of embedded objects. This is illustrated in figure 1 from [4]
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Figure 1: Illustration of a basic packet session [4]
Of interest for the DRX design are the inactivity periods, given in Figure 1 by the reading time Dpc and the parsing time Tp (the time interval between the embedded objects). The 3GPP model also provides basic distribution probabilities for these time interval given exponential distribution with a mean of 30 seconds and 0.13 seconds for Dpc and Tp respectively.
3
HTML model and DRX
3.1
1st and 2nd level DRX in HTML model
In [5] we have shown the benefits of introducing the parameters ‘UE_drx_on_duration’ and ‘Inactivity_threshold’. These two parameters are used by the network to ensure the possibility that (1) the UE will receive more than subframe per DRX (i.e. UE will read one or multiple instances of PDCCH) and (2) the UE will continue to receive scheduling information in DL if actively being addressed by network. We propose these two parameters in addition to the use of the two level DRX. In Figure 2 below we illustrate the possible use areas for the discussed 1st (DRX-1) and 2nd (DRX-2) level DRX parameters when mapped to the 3GPP HTML traffic model:
1st level DRX (DRX-1)
2nd level DRX (DRX-2)
The ‘On’ duration in Figure 2 (active UL/DL data traffic) is handled using network configured ‘UE_drx_on_duration’ and/or ‘Inactivity_threshold’ parameters.
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Figure 2: HTML model including activity ‘areas’ for different DRX levels and On period.
3.2
Flexible 2nd level DRX
In this section we will look at the need for having flexible and easily configurable parameters for 2nd level DRX (DRX-2). Activation and configuration of DRX-1 and the parameters for handling the ‘On’ periods of the actual active data transmission is assumed done during connection setup using RRC signalling. These parameters may of course be changed during the connection life time using RRC signalling. They are seen as being semi-statically assigned though.
Example one illustrated in Figure 3 and Figure 4 below shows the basic benefit of applying a two level DRX design. Figure 3 shows the situation where only one DRX level is used together with simple activity timer (e.g. Inactivity_threshold). Drawbacks are clear as either the activity timer will be long thereby increasing UE power consumption (UE stay in continuous reception mode (non-DRX) for long time every time it has been addressed) or if the timer is too short the UE will enter sleep too early and next data transmission is not possible before next DRX timeout (experienced data throughput could suffer). This could lead to practical limitations on the maximum DRX length. Tuning of the timer length in order to reach a suitable and functional length might not be a trivial task.
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Figure 3: Basic HTML packet call without usage of second level (short) DRX
Figure 4 illustrates the situation where a DRX-2 is configured to be used together with pre-configured parameters for usage of ‘UE_drx_on_duration’ and ‘Inactivity_threshold’. As example here DRX-1 could be rather long (e.g. 1 second) in case of HTML traffic while the DRX-2 which is activated at arrival or request of data could be much shorter (e.g. in the order of 50-100 ms). For keeping UE in active scheduling mode (UE is addressable as it reads DL allocations) is handled using ‘UE_drx_on_duration’ and ‘Inactivity_threshold’.
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Figure 4: Basic HTML packet call with usage of second level (short) DRX
Following two figures 5 and 6 illustrates the usage of the two levels DRX together with ‘UE_drx_on_duration’ and ‘Inactivity_threshold’ in the mixed traffic use case. As for mixed traffic example we have chosen a combination of the HTML traffic model and basic VoIP. Two alternative ‘configurations’ are illustrated in the two situations given in Figure 5 and Figure 6. The different combinations are given in order to illustrate the benefits from using explicit signalling instead of implicit. Problems in implicit change are most visible in these mixed traffic situation.
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Figure 5: Mixed traffic use case (HTML and VoIP) applying 2 level DRX
In Figure 5 we illustrate the mixed traffic use case using a two level explicit signalled DRX-2. In this mixed use case the 2nd level DRX (DRX-2) is equal to non-DRX. Implicit Inacitvity_threshold is not used as it would be inefficient in connection with VoIP traffic. If UE would implicitly activate DRX-2 every time it was scheduled the use case in Figure 5, this would mean that the UE would be in continuous reception for much longer time than really necessary. This would mean increased power consumption on UE side for the duration of having mixed traffic scenario.
Alternatively Figure 6 shows the use case where the 2nd level DRX is not used. Only a DRX-1 is configured (for VoIP it could be 20ms) and continuous activity periods (e.g. for handling the HTML traffic) could be handled using the parameter ‘Inactivity_threshold’. Also in this case – if UE would implicit activating Inactivity_threshold every time it was scheduled – the scenario in Figure 6 would also result in UE being in continuous reception mode for longer time than necessary the duration of the mixed traffic scenario. 
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Figure 6: Mixed traffic use case (HTML and VoIP) applying single DRX and Inactivity_threshold
Above we have argued for the use of explicit activation of the second level DRX (DRX-2). Reason for this is also based on view that the network scheduler will have better visibility to data buffer status (increasing in size or not) than the UE. Also important issue to take into account is the UE power consumption optimisations. The further details on actual activation signalling and desctivation is still somehow open and FFS.
4
Conclusions

Using the given examples we have tried to highlight the need for flexible configurable parameters to be used in connection with UE data reception and transmission. We propose the usage of a two level DRX design where the 1st level DRX is semi-static and controlled using RRC signalling due to its robustness. The 2nd level DRX we see controlled/activated explicitly while the deactivation is still FFS. Additionally we propose two parameters which have been shown efficient in connection with the DRX scheme.
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