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1. Introduction
LTE mobility in RRC_CONNECTED has so far relied on full network control to guarantee best performance for the UE data transmission and reception. Only in e.g. recovery from RLF or in RRC_IDLE is UE allowed to select the serving cell.

As per the RAN working procedures [1], for the proposed study item “Partial control of Cell Management for UEs in LTE”, [2], this paper discusses the motivation for the SI proposed in [2], as well as showing in Annex A the proposal for the initial work plan of the SI.
2. Motivation for the Study Item
Various mobility related enhancements have been included in recent releases to ensure robust mobility with low probability of radio link failures, handover failures, and ping-pongs, as well as efficient recovery from errors, and signalling of UE mobility information from UE to network upon transition from RRC_IDLE to RRC_CONNECTED (as the outcome of the Hetnet Mobility WI [3]). Furthermore, basic mobility and cell management mechanisms for Dual Connectivity (DC) are currently being standardized for Rel-12.
The mobility in RRC_CONNECTED mode is currently fully network controlled and hence, the network is actively involved in all handovers, and cell management changes such as SCell and PSCell in case of Carrier Aggregation (CA) or DC operation. All of these cell management actions incur overhead in terms of RRC signalling, as well as network procedural actions for processing RRM measurements and making cell management decisions. The former is especially of relevance for HetNet and Small Cell scenarios where there are an increased number of handovers and cell management actions, as already shown during the study item for small cell higher layer enhancements and incorporated into the TR 36.842.
For CA scenario #4 with inter-site CA, it is well-known that the number of SCell management actions (SCell add, remove, change) for the small cells (remote radio heads) is dominant over PCell handover for the macro-layer. Similarly, for Rel-12 small cell scenario 2 with DC, the number of PSCell management actions for small cells is found to be dominant, while PCell management actions (and related overhead) for the macro-layer are less significant. 
To demonstrate the effects of the SCell management actions for CA scenario #4, examples of system level performance results in line with assumptions for Rel-12 DC studies are presented in the following. 
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Figure 1. Mobility events for a UE with CA / DC support

To start with, Figure 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). 
We consider first the case with macro-layer operating at 2 GHz carrier and small cells at 3.5 GHz carrier. We assume that UEs have PCell on the macro layer, while (P)SCell can be configured on the small cell (i.e. pico cell) layer. The following assumptions (same as also used in the results included in the 3GPP TR 36.842) are used: 
· PCell handover at the macro-layer is assumed to be based on eNB receiving report of RSRP-based event A3.

· SCell addition (configuration) and removal (de-configuration) are triggered by reception of eNB receiving report of RSRQ-based events A4 (neighbour becomes better than configured threshold) and A2 (serving cell becomes worse than configured threshold), respectively. 
· Intra-frequency SCell change on the pico-layer is triggered by eNB receiving report of RSRP-based event 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. Additionally, the SCell activation is based on MAC CE commands, as is normal for CA:
· A configured SCell shall be activated (use MAC signalling, i.e. MAC CE activation command) before being schedulable for the UE and before UE can transmit UL related information on the SCell. 

Figure 2 shows results for the number of mobility events per UE, per hour, for the case with Dual Connectivity (these same results as also reported included 3GPP TR 36.842). Results are presented for the cases with either 2 or 10 randomly placed pico cells 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 Figure 2 is clearly dominated by SCell related events (roughly 60%-80%). This is because a UE will naturally move across higher number of small cells (as compared to macro cells), and therefore experience more SCell modifications than PCell changes. 
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Figure 2. Statistics for number of mobility events per UE per hour for case with free moving UEs.

Figure 3 shows similar statistics as in Figure 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 km/h 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 in 3GPP TR 36.872. For such cluster cases, it is clearly observed from Figure 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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Figure 3. Statistics for number of mobility events per UE per hour for case with clustered pico cell deployment.

From the results in Figure 2 and Figure 3 it is clear that the (P)SCell management actions are most frequently occurring events. Each (P)SCell management action typically involves:

· A UE sending measurement report of RRM measurement events in the uplink to indicate need for (P)SCell management action (causing RRC signalling overhead in UL).

· The eNB (MeNB) processing the received RRM measurement event and decides on the appropriate (P)SCell management action (involving eNB processing and inter-eNB signalling).

· The eNB (MeNB) sending RRC reconfiguration message to the UE to signal the (P)SCell management action (involving RRC signalling overhead in DL; e.g. configuration of new (P)SCell, (P)SCell change, or (P)SCell remove).
Considering the above results and reasoning, we see it beneficial to study means with which to reduce the amount of signalling related to cell management.
3. Proposal
Based on the above, it is suggested to investigate options for more efficient cell management in small cell environments. Specifically, considering how the network could transfer part of the control of cell management actions in RRC Connected mode to the UE should be considered as means for reducing the RRC signalling overhead and the procedural overhead at the network due to frequent cell management actions. In this context, the partially transfer of the control means that the network configures the UEs to perform partial cell management so that the overall control point of the RRM actions is still retained at the network. Hence, we propose to set up a new Rel-13 SI [2] on partially transferring the control of LTE cell management to UE, starting at March 2015, i.e. after RAN#67.
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Annex A: Proposed Initial work plan for the Study Item
In the proposed SID [2], the following topics are proposed to be studied:
· Study the effects of partly transferring the RRC Connected mode handover and/or cell management control to the UE.
· The primary objective is to study solutions for partially transferring the SCell management actions for Carrier Aggregation scenario #4, as well as the PSCell management actions for DC cases to the UE in Rel-12 small cell scenario 2.
Based on these, the following grouping of the work can be conducted:

A. Scenario identification

B. Candidate solutions for SCell management at UE

Each of these can be subdivided into more detailed topics, as shown in Table 1 below.

Table 1. Tasks within the SID
	A: Identification of scenarios for partial control of UE mobility

A.1) Identify suitable Carrier aggregation scenarios 

A.2) Identify suitable Dual connectivity scenarios 

A.3) Identify other suitable scenarios 

B: Study effects of partially transferring control of SCell management to UE 

B.1) Identify and study candidate mechanisms for UE to control SCell management

B.2) Compare and conclude on the performance of the proposed candidate mechanisms  
B.3) Identify the signalling impacts of the candidate mechanisms


For this study, RAN2 is a primary responsible WG, with no other WGs identified as requiring work during the study item. With this in mind, the following initial work plan for the above topics as shown in Table 2 is proposed:
Table 2. Proposed initial work plan.
	#
	2015 Q2 (RAN2#89bis and RAN2#90)
	2015 Q3 (RAN2#91)
	2015 Q3 (the 1st half, RAN2#91bis)
	2015 Q4 (the 2nd half, RAN2#92)

	Rapporteur work (TR updates)
	Skeleton TR created

Update the TR with the identified scenarios.
	Update the TR with conclusions of identified scenarios

Update the TR with the conclusions of the selection of candidate mechanisms
	Update the TR with performance analysis of the chosen candidate mechanisms

 
	Finalize the TR with the conclusions of the performance results of the chosen candidate mechanisms 


	A) Scenario identification
	A) Identify the suitable scenarios for the study item (i.e. carrier aggregation, dual connectivity, other)
	A) Conclude the scenario identification and choose the scenarios for further studies.
	None
	None

	B) Partially transferring control of SCell management to UE
	B.1) Identify the candidate mechanisms and procedures for allowing the UE to control SCell management in identified scenarios
	B.1) Conclude on and choose the candidate mechanisms and procedures to be further investigated in the study item. 

B.2) Compare the performance of the proposed candidate mechanisms. 
	B.2) Continue to further compare the performance of the chosen candidate mechanisms 
B.3) Identify the signalling impacts of the chosen candidate mechanisms
	B.2) Conclude on the comparison of the chosen candidate mechanisms

B.3) Conclude on the signalling impacts of the chosen candidate mechanisms 
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