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1
Introduction
LTE relies on network-controlled UE-assisted mobility framework for UEs in Radio Resource Control (RRC) Connected mode. This essentially means that the network explicitly informs RRC Connected mode UEs via dedicated RRC signaling whenever they have to perform handover to another cell. The RRC signalling overhead especially become relevant for Rel-12 Small Cell Scenario 2 with macro and small cells at different carriers and dual connectivity. We therefore propose to study further enhancements for this scenario, by considering a shift from a fully network controlled mobility framework towards relying more on UE autonomous decisions for SCell management. As will be discussed in details, UE autonomous SCell management is advantageous for cases with many small cells configured as SCells, to offload the network from having to perform frequent small cell management decisions, and as a remedy for reducing RRC signaling overhead.
2
Setting the Scene
2.1
Basic assumptions
We assume that dual connectivity is supported in the form of inter-eNB CA, where the UE have its PCell on the macro layer, while it can have SCell configured on the small cell pico layer. As demonstrated in [3], using this form of dual connectivity offers significant improvements in terms of higher experienced end-user data rate. Fig. 1 shows an example of the various PCell and SCell management actions that a UE may experience when following a certain trajectory. Traditionally, both PCell and SCell management actions are network controlled, and UE assisted. This means that PCell mobility is controlled by the network based on UE RRM measurements, and similarly SCell configuration/de-configuration is also network controlled (and based on UE measurement reports). The following are typically assumptions: PCell handover at the macro-layer is assumed to be based on RSRP A3, while SCell addition (configuration) and removal (de-configuration) are based on RSRQ based A4 and A2, respectively. Intra-frequency SCell change on the pico-layer is triggered by RSRP A6 (signal level from another SCell candidate becomes a threshold better than current SCell). Thus, whenever a handover, or SCell addition/release, takes place, it also involves sending a RRC reconfiguration command to the UE. Finally, a configured SCell shall also be activated (MAC signalling) before being schedulable for the UE and before UE can transmit UL related information on the SCell. 
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Fig. 2: Mobility events for a UE with CA support

2.2  
Summary of performance results
Dynamic system level simulations are conducted in line with the mobility simulation guidelines in [2]; see more details in [1]. Figs 2 shows statistic for number of mobility events per UE, per hour, for the case with Dual Connectivity (same results as also reported in [1]). Results are presented for the cases with either 2 or 10 randomly placed picos per macro cell area, and different UE speeds. UEs are free moving, meaning that each UE follows a trajectory with constant movement and direction through each simulation run. The number of events in Fig. 2 is clearly dominated by SCell related events (roughly 60-80%). This is because a UE will naturally cross higher number of small cells (as compared to macro cells), and therefore experience more SCell modifications than PCell changes. 
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Fig. 2: Statistics for number of mobility events per UE per hour for case with free moving UEs.
Fig. 3 shows similar statistics as in Fig. 2, but these results are obtained for a scenario where picos placed in clusters, assuming either 4 or 10 picos placed randomly within a circular cluster with radius of 50 meters. Hotspot UEs are moving with 3 kmph in the cluster for this case. These assumptions for simulating cases with outdoor clustered small deployment cases are in line Rel-12 Small Cell Scenario 2a as defined by RAN WG1 [4]. For such cluster cases, it is clearly observed from Fig. 3 that the SCell management operations are even more dominant – more than 90% of PCell/SCell operations are SCell related. This is in line with our expectations, since UEs that are moving in a cluster of densely deployed picos naturally are much more likely to experience SCell changes as compared to PCell handovers.
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Fig. 3: Statistics for number of mobility events per UE per hour for case with clustered pico deployment.
The presented results in Fig. 2 and 3 therefore lead to the following observation:
· Observation: For the considered dual connectivity scheme, the RRC signaling for small cell SCell management is clearly dominant. This is the case for both downlink (e.g. SCell configurarion) and uplink (UE sending RRM measurement events such as e.g. A2, A4, or A6).
3
Autonomous SCell Management Scheme
We propose to continue using network controlled, UE assisted, PCell mobility management as assumed in current LTE specifications. This will ensure that the network is control of the basic mobility, and can use existing SON mobility options for PCell such as Mobility Robustness Optimization (MRO) and Mobility Load balancing (MLB). Also, PCell mobility typically involve CN signalling and is therefore desirable to have network controlled as today. However, for SCell management, it is suggested to investigate a UE autonomous solution, where the more frequent SCell management actions are partly left for the terminals. This could be achieved by configuring the UEs with a list of candidate cells for autonomous SCell management, for instance via dedicated signaling. This includes informing the UE of the system information parameters for those candidate cells. At the network, the candidate cells for SCell mobility are prepared as well. In this context, preparing cells refers to providing those cells with the necessary information so immediate service can be started after the UE requests it as SCell. When the UE detects a preconfigured candidate cell fulfilling certain access criteria, it is allowed to directly access the cell via the RACH to request it as SCell. The triggering criteria for requesting the SCell addition is configured by the network and could e.g. be based on event A4 (neighbor cell becomes better than threshold). However, notice that as the SCell manegement is UE autonomous, so UE RRM measurements for SCell are not reported to the network.

The outlined autonomous SCell management is therefore a potential promising method for reducing the downlink and uplink RRC signalling overhead, as well as for offloading the network from having to perform frequent small cell SCell management decisions. Finally, it is worth high-lighting that the proposed autonomous SCell management scheme not only is relevant for dual connectivity cases for Rel-12 Small Cell Scneario 2, but also is a promising solution for tradiotional macro + Remote Radio Head (RRH) cases such as 3GPP CA scenario #4, where inter-site CA between macro and RRH already is supported. Similarly, it could be applied for more traditional macro intra-site carrier aggregation use cases as well.
Details of the concept for lighter small cell SCell management naturally requires further studies, including more detailed analysis of exact requirements and complexity of network elements and terminals before drawing final conclusions.

4
Conclusion
In this contribution we have further analyzed the mobility performance of Rel-12 Small Cell Scenario 2 with Dual Connectivity in the form of inter-site CA. We have analyzed the case where PCell is configured on the macro-layer, while SCell is configured for the small cell layer. Based on this analysis, the following observations and proposals are worth highlighting:
-
RRC signaling for small cell SCell management is clearly dominant. This is the case for both the downlink (RRC reconfigurations) and uplink (sending RRM measurement events). Our performance results show that 60%-90% of the RRC signaling is for SCell management, as compared to the total sum of RRC signaling for PCell and SCell management.
-
By using UE autonomous SCell management for the small cell layer, the frequent RRC signaling for small cell mobility management can be significantly reduced by delegating such management actions from the network to the UEs. Thus, having lighter small cell SCell management.
-
In addition to being applicable for Rel-12 Small Cell Scenario 2 with Dual Connectivity, the proposed UE autonomous SCell management is also an attractive feature for 3GPP CA Scenario #4 with inter-site CA between macro and RRH. Similarly, it could be applied for more traditional macro intra-site carrier aggregation use cases as well.
-
As the outlined concept of UE autonomous SCell management looks promising, further studies of such solutions are recommended. Details and the exact requirements and complexity of network elements and terminals are naturally required before drawing final conclusions.
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