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1
Introduction

In RAN2 #66, it was decided that it should be possible for a network to configure only a subset of component carriers for idle mode camping. In addition, it was decided that the UE will not be aware of carrier aggregation and the existence of multiple carriers in idle mode. In other words, an idle-mode LTE-A UE camps only on one component carrier. This allows the LTE-A UE to monitor for paging messages on only one carrier thereby conserving its power. In this document, we discuss some consequences of these decisions.
2
Paging procedure
To load balance the Release 8 UEs in active mode across all carriers, the operator may choose to make all the component carriers capable of idle mode camping. This is because LTE Release 8 UEs will perform their active mode data transfer in the same carrier in which they are camping. However, as a result, LTE-A UEs can camp on any of the component carriers, and if the network does not know in which carrier the LTE-A UE is camping, the network will be forced to page for the LTE-A UE in all component carriers. This results in an unnecessary increase in the paging load. 

For example, if the operator makes all the five component carriers available with him capable of idle mode camping, and assuming the number of LTE-A UEs that the operator can support is five times the LTE UEs given the five component carriers, the paging load per component carrier will become five times that of the current paging load with LTE. This increase in signaling load is avoidable. The impact of these signaling messages in the common search space in PDCCH is expected to be especially severe, because we expect the system performance to be limited by the PDCCH capacity. Therefore, we propose that the network is made aware of the current carrier in which the LTE-A UE is camping.
Proposal 1: The network is always aware of the component carrier in which the LTE-A UE is camping in idle mode, and hence pages the UE only in that component carrier. 
There are at least two possible ways of achieving the goal of making the network aware of the component carrier in which the LTE-A UE is camping. 

Option 1: In this option, the UE always camps on the same last component carrier in which it performed a tracking area update, or in the anchor carrier when it was last in active mode. The only time it changes the camping carrier is when there is no coverage of the last camping carrier. In this case, it informs the network each time it changes the idle mode camping carrier using a mechanism similar to tracking area update. The network assumes/uses the last known camping carrier of the UE to page the UE. 

In LTE R8 system, the MME is responsible to retain the UE context and the information about its established bearers during the UE’s idle period. When the need to deliver downlink data to the UE arises, it initiates the paging procedure by sending the paging message to all the eNBs belonging to the current tracking area (TA) of the UE. Then the eNBs will transmit the paging information to the UE over the radio interface. In this option, the MME also maintains the state information about the paging carriers used for idle mode camping by the UE. This would allow the MME to direct the eNBs to page the UE on that specific carrier. 
Pros: 
1) No uncertainty at the network in determining the idle-mode camping carrier of the UE.

2) No increase in paging latency, because the component carrier in which the UE is camping is always known at the network.

Cons: 

1) Additional tracking area update signaling messages whenever the UE changes its camping carrier. 

Option 2: In this option, both the UE and the network use a hashing function to determine an ordered list of preferred camping carriers, based on the UE-id (IMSI, for example). The UE always camps on the most preferred carrier, provided that the carrier is capable of camping and there is coverage of that carrier at the UE’s current location. Because the network also knows this hash function, it can determine the most likely carrier in which the UE is camping. An appropriate paging algorithm can then be designed to use this ordering to preferentially page the UE in one or more high priority carriers of the UE. The hashing function can be designed in a fashion that the UEs are distributed across the different component carriers to distribute the paging load evenly.
In this option, if a UE paging detection failure happens on the first chosen component carrier(s), the eNBs can then page on all the other component carriers.  This failure event will increase the idle-to-active transition time in case of paging detection failure, but the probability of different carriers having different coverage areas should be small.

Pros: 

1) No increase in signaling load.
Cons:

1) Some uncertainty at the network in determining the idle-mode camping carrier of the UE, especially when different component carriers have different coverage areas.
2) Possible increase in paging latency when the UE is not camping on the highest priority component carrier picked by the network, due to poor coverage of that component carrier. 
Proposal 2: We propose that RAN2 finalizes one of the two options outlined above for ensuring that the network is aware of the current component carrier in which the UE is camping.
3
Conclusions
We request that RAN2 consider the following two proposals: 
Proposal 1: The network is always aware of the component carrier in which the LTE-A UE is camping in idle mode, and hence pages the UE only in that component carrier. 

Proposal 2: We propose that RAN2 finalizes one of the two options outlined above for ensuring that the network is aware of the current component carrier in which the UE is camping.
