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Discussion
1 Introduction
In [1] we proposed a scheme where paging cycle is short right after the UE enters LTE_IDLE and increases later on. In this document we further study the benefit of the scheme.
2 Proposed paging scheme
The following figure-1 shows a timeline example of proposed paging scheme.
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Figure-1:  Phased DRX cycle length scheme

This scheme is proposed based on the following assumptions.

Assumption 1)
The network and the UE can enter LTE_IDLE state if data transfer does not occur for a predefined duration.
· Putting the UE in LTE_Active (even with DRX/DTX mode) all the time is not efficient because the mobility is handled per cell basis in LTE_Active state.
· Neither the core network nor eNode B can be sure whether the service was completed or still is ongoing at the application layer.
Assumption 2)
It is more likely that there are incoming packets to the UE right after entering LTE_IDLE.

· Probability of incoming data for data session follows self-similar process, not Poisson processes.
3 Traffic model for data session
The connection arrivals (paging) in mobile phone system can be modelled with Poisson processes. This is usually true for basic end-to-end services, like voice call. On the other hand in the Packet Switch domain where data session is a collection of bursty traffic, it is more appropriate to use traffic model applied to wide area network in the computer world.
Indeed, the limitation of Poisson modelling has already been known. Many studies and actual measurements have shown that packet arrivals can be modelled with self-similar processes  (e.g. in [3][4]).
It can be argued that arrivals of the first packet for a start of data session follow Poisson processes. However our assumption is that paging is used not only for those packets but also for data packets during a data session. This is because the network (i.e. core network and RAN) does not have perfect knowledge of application layer and therefore it is possible that the network sends the UE to LTE_IDLE in the middle of a data session.
While this network behaviour causes undesirable delay in packet delivery, the proposed scheme mitigates the delay and allows efficient use of network resources at the same time.
4 Other applications
New “always-on” services such as instant messenger may benefit from the proposed scheme. Usually in those applications, the users are tolerant of taking a long “think time” during a session and there is no concept of “hang-up”. This contrasts with the normal voice call, where interactions are quicker and it makes sense to provide a continuous connection.
The network again is not aware of the situation of the application layer (whether the user is thinking or the session has completed). The network eventually sends the UE to LTE_IDLE state if there is no data transfer for a while. It may make sense to use a shorter DRX cycle in this situation.
5 Complexity considerations
The proposed scheme only requires a few parameters in addition to the parameters required for normal DRX cycle operation. As shown in the figure-1 if we consider the phase 2 as normal paging operation, the additional information elements needed would be the DRX cycle length and the duration for the phase 1. From signaling point of view, this does not add much complexity to the system.
Ensuring the perfect synchronization of those two phases between the UE and the network seems difficult. However proper network operation can prevent a missed paging from happening.

The network can make sure that it repeats paging indication so that the UE that may be using the long DRX cycle can receive it. Or the network can implement shorter timer for the duration of phase 1.in order to avoid the situation where the network uses the short DRX cycle and the UE uses the long one.
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Figure-2:  Avoiding missed paging
6 Conclusion
We have shown that the proposed phased DRX cycle mechanism provides benefits to data applications and other new applications. It was also shown that the proposed mechanism does not lead to much complexity from signaling and the system behaviour point of view.
It is proposed that this scheme be captured in the stage-2 specifications of E-UTRAN.
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