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1
Introduction
A new work item on Multicarrier Load Distribution of UEs in LTE has been approved at RAN#67 [1]. The main objective of the work item is:

 -
“to look at solutions providing better distribution of idle UEs amongst multiple LTE carriers so as to minimize the need for load-triggered HO or redirection of UE during connected mode”

In [1] it is also agreed the that the work item should first have a study phase to look at the limitations of the current mechanisms and measurement quantities for redistribution of UEs amongst multiple LTE carriers.
In this contribution we provide a performance evaluation of traffic steering solutions based on legacy LTE specifications and propose to use them as a benchmark when identifying the limitations of the current mechanisms and quantifying the benefits of possible enhancements.
2
Traffic steering in legacy releases
Mobile network operators can choose to steer traffic in the RAN according to several policies such as cell load balancing, energy savings, differentiated treatment of services /applications and/or user classes, etc. When executing a certain policy, the RAN may need to consider several factors: Network characteristics, performance requirements, device capabilities as well as battery consumption, usage characteristics, etc. 

When considering multi-carrier LTE deployments, the following mechanisms are already available in current LTE specifications enabling operators to implement their specific traffic steering policies:  

Broadcasted absolute Priorities (BP): during idle mode, the network can influence which LTE frequency layer the device will camp on by setting the values of broadcasted absolute cell reselection priorities (BP) from 0 (lowest) to 7 (highest priority). Being part of system information, these priorities apply to all users. When the highest priority access is not available at the device location, inter-frequency measurements are performed periodically. 

Dedicated priorities (DP): absolute priorities used in idle mode can also be included in RRC connection release messages; since values can differ for each user, these priorities are commonly known as Dedicated Priorities (DP). DPs allow devices to be directed to the best candidate layer (according to the operator-specific traffic steering policy) at the same time as the state transition, overruling the broadcasted information. The prioritization provided at connection release is only valid for a limited time.
More details about the mechanisms supported in LTE specifications for the configuration of cell reselection priorities in idle-mode can be found in [2] and [3]. 

Next we describe a set of reselection priority and traffic steering strategies which we later on use for benchmarking the performance of load balancing algorithms based on existing LTE specifications.
Reselection priority options:

-
BP: Broadcasted absolute priorities always set the higher frequency layer as the preferred layer. 

· BP + DP (Random): the highest priority frequency layer is randomly allocated to a UE at RRC connection release based on a probability distribution function that depends on the number of layers and the corresponding carrier bandwidth.
· BP + DP (using Composite Available Capacity): the dedicated reselection priorities allocated at connection release try to enforce changes (as compared to the broadcasted absolute priorities) only when the cell load is high and there is at least another layer received with good signal quality and with sufficient available capacity.
Traffic steering: 
· Traffic steering at connection setup (TS@CS): A device changing from idle to connected mode is a candidate for steering. Once the initial context is set up, the device can be instructed to perform inter-frequency measurements if its own cell load is too high. Based on the measurement results, the algorithm identifies suitable cells for offloading and selects the target for handover (HO) taking into account both the quality of the received signal (in order to avoid HOs to bad cells that would result in ping-pongs and RLFs) and the Composite Available Capacity (CAC) [4].
· Traffic steering in connected mode (TS@CM): Traffic steering HOs can also be triggered by e.g. overload conditions in a cell and applied during the lifetime of a connection. Selection of users and target cells is based on similar logic to that used in connection setup.
3
Performance results 
In this section we present simulation results for both macro-only and HetNet deployment scenarios. Even if the results are only presented for dual-carrier deployments, observation and conclusions can be generalized to multi-carrier deployments. 

3.1
Macro-only scenario
In the simulations for the macro-only scenario we considered two deployments: one with an Inter-Site Distance (ISD) of 500m and another with an ISD of 1732m. We assumed a coverage layer at 800 MHz and a capacity layer at 2.6 GHz. The bandwidth deployed on both carriers is 10 MHz. Users are uniformly distributed over the simulation area and initially all camp on the 800 MHz layer. They have a fixed amount of data to transmit and they move in random directions at 3 km/h. As indicated in Section 2, broadcasted absolute priorities set the higher frequency cell as the preferred layer. 

Figure 1 show a comparison of the average user throughput over all users (independent of the layer they are connected to) for different combinations of reselection priority and traffic steering strategies presented in Section 2, while Figure 2 reports the average number of inter-frequency HOs (per user per minute) for the corresponding cases.
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Figure 1: Average user throughput with different reselection priorities and traffic steering strategies

In both scenarios with low and high inter-site distance, using DP on top of BP can balance the load on the different frequency layers. Adding TS@CS and TS@CM to DP does improve the average user throughputs, especially in the case with denser deployments (ISD 500m). On the other hand, in this scenario using DP also lowers the number of idle mode inter-frequency measurements and the need to perform load balancing handovers (both at connection setup and in connected mode).

In the scenario with larger cells (ISD=1732m), DP alone already provides very good user throughput performance, and  in any case the number of load balancing handovers only represents a minor proportion of the overall inter-frequency handovers.  
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Figure 2: Amount of inter-frequency HOs per user per minute with different reselection priority and traffic steering strategies

Observation #1: In macro-only multi-carrier deployment scenarios, standardized mechanism based on absolute and dedicated priorities already enable the implementation of algorithms for the distribution of idle-mode UEs which reduce the need for load balancing handovers at connection setup and/or in connected mode.
Observation #2: Especially in macro deployments with low inter-site distance there seems to be some potential to improve load balancing (i.e. increasing user throughput) while decreasing the number of load balancing handovers.

3.2
HetNet scenario
In addition to the macro coverage layer at 800 MHz and the macro capacity layer at 2.6 GHz (500m ISD), the HetNet scenario includes four small cells per macro cell deployed at 2.6 GHz. The bandwidth of the lower frequency is still 10 MHz, while that of the capacity layer is now doubled (20 MHz). 2/3 of the users are generated in the hotspot areas covered by small cells, while the rest of the users are uniformly distributed over the simulation area. The movements of hotspot users are limited to the hotspot area. 
Figure 3 depicts the average user throughput and the number of mobility events (including intra-frequency mobility handovers, inter-frequency mobility handovers and load balancing (LB) HOs) assuming different reselection priority and traffic steering strategies. Note that only one set of results is shown for DP since in this case there are no significant performance changes between random DP and DP assigned based on CAC.

These results show that also in HetNet scenarios the use of DP alone can provide good load balancing between macro and small cell layers. The user throughput performance can be further improved at the cost of an increase in the number of load balancing handovers.

Observation 3: In multi-carrier HetNet deployment scenarios, standardized mechanisms based on dedicated priorities can provide good load balancing between macro and small cell layers.

Observation #4: There is a trade-off between the user throughput enhancements that can be provided by traffic steering at connection setup and/or in connection mode and the increased signalling and procedural overhead due to load balancing handovers.
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Figure 3: Average user throughput and number of mobility events per user per minute with different reselection priority and traffic steering strategies

4
Conclusion
In this paper we presented an evaluation of different traffic steering strategies based on standardized signalling of re-selection information in existing releases of the LTE specifications. The performance was evaluated in terms of user throughput and number of cell changes (including both mobility and load balancing handovers). The following observations were made:
Observation #1: In macro-only multi-carrier deployment scenarios, standardized mechanism based on absolute and dedicated priorities already enable the implementation of algorithms for the distribution of idle-mode UEs which reduce the need for load balancing handovers at connection setup and/or in connected mode.
Observation #2: Especially in macro deployments with low inter-site distance there seems to be some potential to improve load balancing (i.e. increasing user throughput) while decreasing the number of load balancing handovers.
Observation #3: In multi-carrier HetNet deployment scenarios, standardized mechanisms based on dedicated priorities can provide good load balancing between macro and small cell layers.
Observation #4: There is a trade-off between the user throughput enhancements that can be provided by traffic steering at connection setup and/or in connection mode and the increased signalling and procedural overhead due to load balancing handovers.
Even assuming it would be possible to achieve perfect load balancing of idle-mode UEs, traffic steering at connection setup and/or in connected mode will always bring some gains since there is no way for the network to predict which users will become active where and when. While the results in this contribution confirm that standardized signalling can already achieve reasonable load balancing in multi-carrier LTE deployments while limiting the need for load balancing HOs, they also show that there is potential for improvements in some scenarios. Therefore we suggest that RAN2 agrees on the following proposal:

Proposal: The gain of the proposed enhancements for the distribution of idle-mode UEs in multi-carrier LTE deployments as compared to using legacy solutions and measurement quantities should be quantified in terms of key performance indicators such as user throughputs, number of mobility events, rate of inter-frequency measurement, etc.
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