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Discussion & Decision
1. Introduction
Multi-carrier operations are involved in Carrier Agregation (CA) in LTE advanced. Load balance among the multiple carriers is an important system design goal. Especially, when non-contigious spectrum with multi-carriers of different bandwidth is involved, different areas maybe covered by different number of carriers of different bands. It is more important to have balanced load among the carriers to allow more efficient utilization of the available spectrum resource. Further more, as shown in figure 1, it is a common scenario that UE density is different at different areas and multiple carriers could be deployed at the hot spots with high mobile density. While in most area with normal user density, less number of the carriers would be employed. Operators may also deploy pico cells with different carrier at hot spots within the coverage of a macro cell. When UEs move from normal area into the hot spots with more carriers, it is required to split the UE traffic and having balanced load among the carriers at the hot spots. 
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Figure 1. An example of more carriers being deployed at the hot spots

It is known that the active traffic loading and the access loading is closely related to the idle UE density. 
1. Active (in RRC_ACTIVE) UE traffic load is highly correlated with the idle UE density. Current traffic model study indicates that the ratio of the number of active UEs versus idle UEs is a statistically fixed value.
2. Access load is directly associated with the idle UE density. The access load is a good metric of the idle UE density. It could be used for measuring the idle UE density and performing the idle UE re-distribution.
3. When there is RRC_ACTIVE traffic overload and/or access overload, if only the access barring or active traffic redirection is performed, the overload situation could be persistant since there could be more idle UEs waking up. This will lead to continuously activating the overload control mechanism to perform access barring and active traffic redirection. As a result, more resources are wasted for the overload control operations, more service delay is introduced by access barring and the chance of service interruption is also increased.Therefore, it is desired to also redistribute idle UEs when active traffic overload and/or access overload are occured. 
By proactively controlling the idle traffic load distribution, the chance of RRC-ACTIVE traffic overload and access overload will be minimized. 
In current existing cell reselection method specified in [1] and [2], per carrier priority value is used to control the idle traffic loading among multiple carriers or different RATs. However, current priority based reselection method is an on/off traffic control approach. If the priority value of the target carrier is higher than the priority value of current serving carrier, all the idle UEs on the serving carrier will reselect the target carrier as long as the target carrier’s link condition is good enough. Otherwise, all the idle UEs will stay with the serving carrier. 
This document discusses the limitations of the current solutions in the context of multiple carrier operation scenarios. 
2. Discussion

2.1 Existing Relection Mechanism and Motivations for the Enhancement 
In currently existing cell reselection method specified in [1] and [2], per carrier priority value is used to control the idle traffic loading among multiple carriers or different RATs.  While this solution provides the basic redistribution function for inter-RAT cases and where the number of frequency layers are small, the on/off idle loading control issue becomes more serious when the number of frequency layers increases as with more and more multi-carrier use case such as Carrier Aggregation, HetNet. The current on/off loading control can not achieve a smooth load balance among the carriers, which has also been pointed out already when the Rel-8 mechanism has been discussed. In the case of more than two carriers, most idle UEs of all the carriers with lower priorities will reselect the carrier with the highest priority. Priority adjustment will cause the swings of the loading surge among the carriers. The cause of the on/off behaviour is that the current reselection procedures are only based on simple comparison of the priority values. The reselection decision is made based on whether the target priority is bigger or smaller. Thus, 
Observation #1: there only is priority value impacts the reselection decision, varying this priority values will cause a major swing of the idle traffic. 
Another possibility available in Rel-8 is to use dedicated priority for the purpose of idle traffic load balance. However, in case of Carrier Aggregation where several LTE carriers are available, load balance requires different percentage of traffic stay with a given carrier or move to a different carrier depending on the load on that carrier. Since traffic load could change over time or location, and the number of carriers could also be different at different coverage area, for a moving idle UE this traffic re-distribution ratio (percentage) would need to be changed dynamically as the load or number of carriers varies over time. Since dedicated priorities can only be assigned at the time a UE goes idle and this may not be sufficient to control a large number of UEs in an overloaded cell. If the dedicated priority would be used for this purpose to balance the load between LTE carriers, it may need to be changed to meet the dynamic load balancing requirement. For E-UTRAN to change the dedicated priority for idle mobiles it still need paging and UE must get into connected mode to update the dedicated priorities. Also normally dedicated priorities are set for specific group of users and are not changed often.
Observation #2: Dedicated priorities could not address the issue that traffic load change over time and location, and carrier change over location require a dynamic priority value change for a moving idle UE.
It is hence beneficial to enhance the priority based reselection for multi-carrier operations to have a smooth distribution of the idle traffic among the multiple carriers. Mechanisms using dedicated signalling do not seem to meet this requirement very well and therefore, it seems better to control the idle load distribution using some form of broadcast signalling applicable for Idle mode UEs.
Proposal: 
Proposal 1:.Enhancements is needed to distribute Idle users for better load balancing between the LTE component carriers.
Proposal 2: Some form of broadcast signalling that can be received by Idle mode UEs is better suited for Idle mode load distribution between LTE carriers. 
3. Summary and proposal
This document investigated the current solutions based on dedicated and broadcast priorities for distributing idle users between the different carriers/RATs.  While priority based solutions are sufficient for Rel-8, in case of multiple carriers used for Carrier Aggregation, this is shown that it does not provide sufficient granularity of control for distributing Idle mode UEs between LTE carriers. Further since dedicated priorities are meant to be based on SPID, it is not really intended to distribute users based on load between the component carriers that are of equal priority for this user. 

It is hence desirable to enhance the priority based reselection for multicarrier option to have a smooth distribution of the idle traffic among the multiple LTE carriers. Therefore we suggest that RAN 2 discusses the idle mode load distribution issues in the multicarrier scenario.  
Proposal 1: Enhancements are needed to distribute Idle users for better load balancing between the LTE component carriers.  Actual solutions are FFS.

Proposal 2: Some form of broadcast signalling that can be received by Idle mode UEs is better suited for Idle mode load distribution between LTE carriers.
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