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1 Introduction
At the RAN2#81 meeting in Malta, the following challenges for heterogeneous deployments were agreed to be studied:

· UL/DL imbalance

· mobility robustness

· frequent handovers (CN signalling)

· inter-node resource utilization
In this contribution we discuss the challenge of frequent handovers. In section 2, we review simulation results on handover frequency from the Rel-11 study item for the 1 pico per macro deployment, and also provide new results for a 10 pico per macro deployment. In addition, we analyze signaling load towards the core network. In section 3, we discuss the study item objective to Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments, in the light of the results in section 2.
2 Evaluation

2.1 Number of handovers in heterogeneous networks
During the Rel-11 study item on Hetnet mobility enhancements, extensive simulations were performed to evaluate handover performance. The results are gathered in the technical report [3]. Though none of the plots show directly the impact of small cell deployments on the number of handovers, the increase can be extracted from table 5.5.2.2.1, copied below for reference. This table summarizes results from the large area calibration (3GPP case 1, 30km/h). The total number of handovers for each case can be calculated as the successful handovers + unsuccessful handovers. There was a 17% increase in total number of handovers comparing the heterogeneous macro and small cell deployment with the legacy macro only system.
Table 5.5.2.2.1: Average Handover performance for HetNet and legacy systems from calibration [3]
	
	
	Handover performance in HetNets
	legacy macro only system

	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall
	macro-macro

	2
	HOFs/UE/s
	0.000443
	0.001544
	0.001779
	0.000009
	0.003823
	0.001772

	
	HO failure rate [%]
	3.718587
	8.084919
	2.681814
	2.489887
	3.747914
	2.048109

	3
	HOFs/UE/s
	0.000298
	0.000110
	0.000769
	0.000012
	0.000987
	0.000539

	
	HO failure rate [%]
	0.971877
	1.205913
	0.780786
	1.406523
	0.808520
	0.507133

	Total
	Successful HOs/UE/s
	0.013475
	0.012736
	0.072154
	0.000237
	0.098603
	0.087906

	
	HOFs/UE/s
	0.000735
	0.001622
	0.002413
	0.000021
	0.004617
	0.002234

	
	HO failure rate [%]
	4.675501
	10.453351
	3.461802
	4.076629
	4.629233
	2.446505


Figure 1 shows the number of handovers for different UE speeds in a more dense heterogeneous deployment with 10 picos per macro, randomly deployed with an ISD of min 50m. Otherwise, simulation parameters are the same as in [3]. The increase in the number of handovers compared to a pure macro deployment is 120%-140%, depending on the UE speed.
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Figure 1: Increase in number of handovers when adding 10 picos per macro
2.2 Signalling load towards CN

Based on the results in Section 2.1, we see that the number of handovers in a heterogeneous deployment can increase 20%-140% compared to a pure macro deployment, depending on the number of picos (1-10) deployed per macro cell. This increase in amount of handovers could imply increased amount of signalling messages over the radio interface between the source eNB and the UE, signalling over X2 as well as signalling towards MME and S-GW. However, it should be noted that handover signalling is only a small fraction of the total signalling load in different nodes. For example, MME includes the following procedures: initial attach/detach, tracking area update, paging, dedicated bearer activation, EPS bearer modification, service request etc. 

To get a better picture of the signaling towards CN, in the following we compare signaling load in the MME due to handovers and idle-to-connected state transitions. The signaling messages when switching from idle mode to connected mode and back to idle mode are the following between eNB and MME:

1. Initial UE message (including Service Request)

2. Initial Context Setup Request

3. Initial Context Setup Complete

4. UE Context Release Request

5. UE Context Release Command

6. UE Context Release Complete 

On the other hand, X2 handover includes the following messages between eNB and MME:

1. Path Switch Request

2. Path Switch Request Ack

The amount of handovers and state switches has been recently analyzed in the eDDA Study Item [6]. In the eDDA study, signaling load is analyzed in the radio level but we reuse trace analyses for signaling load towards core network. 

In Section 5.3 of [6], mobility related signaling is compared with RRC connection setup signaling. The analysis done for Trace ID 1 is collected to Table 1 below.  The table depicts the number of connection setups and handovers with different RRC Release timer and mobility speeds. From the table it can be seen that when the RRC Release timer is 5 seconds, even if all UEs would move constantly with medium speed including 1 cell change per minute, the total amount of handovers remains only 10% of the amount of connection state switches. The amount of handovers is smaller than in the previous section because in reality, the UE stays long times in the idle state in which handovers are not performed. The amount of signaling messages over S1 is captured in Table 2. From this it can be seen even more clearly that the amount of S1 messages due to handovers remains lower than the amount of state control messages.
Table 1. Comparison of the number of RRC connection setups and handovers
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Mobilty Rate (cell changes per minute)

01 03 1 3 10
RRC Release Timer = 5s 64 0.6 18 6.1 185 62.0
RRC Release Timer = 10s. 53 1.0 33 10.9 323 | 109.0





Table 2. Comparison of S1 signalling messages between idle-connected state switching and handovers
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Mobilty Rate (cell changes per minute)
01 03 1 3 0
RRC Release Timer = 55 364 12 36 122 | 370 | 1240
RRC Release Timer = 10s. 318 20 6.6 218 | 646 | 2180





3 Discussion

The small cell study item [1] lists the following objective:

· Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments:

· Mobility mechanisms for minimizing inter-node UE context transfer and signalling towards the core network.
In this section we discuss the need for improvements in the RRM structure and mobility enhancements for small cell deployments, based on the results in the previous results section.

3.1 Minimizing signaling towards the CN

In Section 2.2 we concluded that the main part of signaling towards the CN can be expected to come from other signaling types than X2 handovers. Naturally, this fraction depends on the traffic type and the RRC connection timers. For example if the mobility related signaling in 10% of the total signaling, even increasing the mobility related signaling by 100% only results in a 10% total signaling increase. Based on this analysis, we see limited potential in efforts to minimize mobility related signaling towards the CN.

Furthermore, we consider that a detailed evaluation of signalling impact towards CN and necessity of any solution should be done in other working groups such as RAN3.

Observation 1: There is limited potential in efforts to minimize signaling towards the CN
3.2 Minimizing UE context transfer

In observation 1, we concluded that there is little potential in minimizing the signaling load towards the core network. However, in a heterogeneous deployment we do see potential gain of keeping a centralized UE context in the macro eNB, while being connected to pico eNBs, see Figure 2. This was also proposed in several contributions at RAN2#81, e.g. [4]

 REF _Ref352675418 \n \h 
[5]. Such a solution will minimize UE context transfers, which will bring certain benefits as explained below.
One of the observations of the Rel-11 Study item on “Hetnet mobility enhancements” was that the handover failure rate in heterogeneous deployments was not as good as for pure macro deployments. Table 5.2.2.1.1 in Section 2.1 shows that the number of handover failures per UE per second was doubled for the simulated scenario and that it is in particular the pico to macro handovers that are problematic. Results in [3] also indicate that DRX and CRE further increase the handover failure rate. 


[image: image4]
Figure 2: Frequent handovers in a small cell scenario

With this background, we see the following potential benefit of minimizing the UE context transfer by keeping the context in the macro node:

1. Minimizing the number of legacy handovers and thus UE context transfers, especially the pico to macro ones, has the potential to reduce the number of handover failures per UE.
2. Keeping a centralized UE context in a macro eNB, allows maintaining the S1-C MME connection, even when changing S1-U GW connection to a pico eNB.
3. Maintaining the RRC connection to the macro eNB with wide coverage allows to maintain connectivity even if a sudden RLF is experienced in the pico cell.
Observation 2: There is potential gain in efforts to minimize UE context transfer
4 Conclusion
In this contribution, we have provided simulation results showing the increase in number of handovers from heterogeneous deployments. In addition, we have analyzed the amount of signaling messages towards CN. We propose the following:
Proposal 1: Include the evaluation of number of HOs and CN signaling impact in section 2 into the TR section 5.1.3

Based on evaluations, we have also discussed the study item objective to identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments. We made the following observations:

Observation 1: There is limited potential in efforts to minimize signaling towards the CN

Observation 2: There is potential gain in efforts to minimize UE context transfer

Based on these observations, we make the following proposal:
Proposal 2: RAN2 to study the means to minimize UE context transfer
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