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1 Introduction
In LTE_Idle the UE monitors the paging indication channel in order to be reached by the network. The UE performs discontinuous reception (DRX). Paging procedure, including the monitoring of paging indication channel, should provide the following attributes.
· Low power consumption

· Low delay

· Low network load

In this document we study mechanisms to achieve these requirements, which can be used in E-UTRAN.

2 Allocation of DRX cycle length

In UTRAN there are three types of DRX cycle length, CS domain DRX cycle, PS domain DRX cycle and UTRAN DRX cycle. It can be said that the DRX cycles are domain based (CS-CN, PS-CN and RAN). The UE monitors the paging indication channel with the shortest DRX cycle among the allocated DRX cycles.

On the other hand in LTE there only is PS domain in the core network. RAN is terminated at the eNode B and wide distribution of paging would not be done by RAN. We therefore don’t see the need of domain based DRX cycle for LTE. DRX cycle can be static parameter or dynamic parameter allocated by the core network.
2.1 Service based DRX cycle
It would be fair to say that power consumption by the UE in LTE_Idle is mostly determined by the length of DRX cycle. A long DRX cycle achieves lower power consumption, at the expense of an increased procedure delay. A short DRX cycle leads to high power consumption. Thus the determination of the DRX cycle in the system is basically the trade-off between those two factors.
The length of DRX cycle can be considered as one of delay elements in the “always-on” packet connectivity. It could be even argued that DRX cycle length is part of QoS attribute. Indeed, there would be significant difference in acceptable paging procedure delay for e.g. incoming VoIP calls and incoming streaming data. For the former the delay can be perceived by the originator of a call, while it is not the case for the latter.
It is therefore beneficial if DRX can be dynamically allocated based on requirements of services. We propose to have a mechanism in which the core network delivers DRX cycle length to the UE when a session is negotiated and established. In this mechanism the UE uses the smallest DRX cycle among assigned DRX cycles for sessions that the UE has established.
This mechanism provides the possibility to use longer DRX cycle for mobile devices that don’t receive services with tight delay requirements, like PC-card LTE device or embedded LTE device, for which power consumption can be critical.
It is also possible with this mechanism to make DRX cycle policy-based. A user who prefer longer standby-time (at the expense of paging delay) can access the subscriber’s data base of the operator via the application and the DRX cycle allocated to the user’s equipment will be adjusted accordingly.
Proposal 1:
Make DRX cycle length dynamic parameter allocated by the core network
Proposal 2:
Have the UE use the shortest DRX cycle among those allocated
3 Paging delay for contiguous data session
It is possible that LTE_Idle state can be used for “packet-data-idle” state. This means the network sends the UE to 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 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. So the network has to send the UE to LTE_Idle with the uncertainty about the situation of the application layer.

In general it is sensible to assume that likelihood of incoming paging to the UE is higher immediately after the UE enters LTE_Idle. We propose a scheme in which DRX cycle is shorter right after the UE enters LTE_Idle for a predefined duration and then becomes longer afterwards. The figure-1 below depicts the scheme. The network and the UE use a short DRX cycle length in phase 1 and normal DRX cycle length in phase 2. This way the UE is more responsive for the case that data received contiguously, where the delay can be critical for service continuity.
The scheme would allow an aggressive setting of a long DRX cycle length since the scheme mitigates the delay in the situation where the delay is likely to be visible from the user.
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Figure-1:  Phased DRX cycle length scheme

Ensuring the perfect synchronization of those two phases between the UE and the network seems difficult in this scheme. However proper network operation can prevent a paging miss from happening.

A paging miss can occur only when the UE monitors the paging indications with the long DRX cycle (in phase 2), while the network using the short DRX cycle length (in phase 1) sends a paging indication to the UE in between. The network can make sure that it repeats a paging indicator so that the UE using the long DRX cycle can receive it. Or the network can implement shorter timer for the length of phase 1 than the one used by the UE.
Proposal 3:
Use shorter DRX cycle for a given duration, after entering LTE_Idle state.

Proposal 4:
Specify a simple mechanism to avoid a missed paging.
4 Paging load mitigation
It is desirable to reduce the paging load in the network. Having small location registration areas will reduce the wide delivery of the paging indication to a UE in the entire network. However it will increase location registration procedures from UEs, especially with high mobility.
Another factor would be the probability of paging to the UE. As discussed in the previous section it can be expected that the probability of an incoming paging to the UE in LTE_Idle should be higher immediately after the UE enters LTE_Idle state. Allocating a smaller paging area to the UE that just entered LTE_Idle state will reduce the paging load in the network.
The size of the location regstration area is the trade-off of those elements. In [1] we discuss the trade-off and the usage of “multiple-layer RAs” and “distance-based registration”. It is important that LTE/SAE should allow operators to make this trade-off and parameterize the size of paging areas in the system.
Proposal 5:
Use the scalable location registration area in LTE/SAE
5 Conclusion
In this document we proposed mechanisms to address the issues with regard to paging in the system. Our proposed schemes allow operators to have the best balance for power consumption by UE, paging delay, frequency of location registration and paging load in the network, depending on static (e.g. device type of the UE, user’s preference) and dynamic attributes (e.g. mobility, future paging probability) for the UE.
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