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1 Introduction
A requirement related to the impact on core network for small cell enhancement has been agreed [1]
 :

Small cell enhancement should minimize signaling load (e.g., caused by mobility) to the core network as well as increase of backhaul traffic due to increasing number of small cell nodes. 
Further in the RAN2#81bis meeting, one of design goals for the high layer aspects of small cell enhancement was also agreed to be captured in [2] as:
Any new solution should not result in excessive increase of signalling load towards the CN. However, additional signalling and user plane traffic load caused by small cell enhancements should also be taken into account.
Both the agreed requirement and the agreed design goal emphasize the importance of minimizing signalling load towards the core network in small cell deployment. However, there are also observations (e.g. in [3]) pointing out the potential in efforts of doing this is limited. This contribution makes a simulation evaluation on the core network signalling load in heterogeneous deployment, and the simulation results show that:
· The signaling load introduced by handovers to the core network in heterogeneous deployment is heavy compared to homogeneous deployment.
· The signaling load introduced by handovers accounts for a large proportion of the whole core network signaling load in heterogeneous deployment.
Based on these observations from the simulation results, this contribution proposes to take signalling load caused by handovers towards the CN as an important metric in afterwards performance comparison between different architectures for small cell enhancement.
2 Discussion
Considering similar evaluation was ever made in the eDDA work item [4], many companies suggest to take the evaluation there as a reference when evaluating on core network signaling load in small cell deployment [5].
As a work item led by RAN2, the signaling load evaluation in eDDA focus on the signaling transferred on the radio interface. Two kinds of signaling are considered in the evaluation of eDDA: one is the signaling for RRC state transitions, and the other is the signaling for handovers. 
· The signaling load resulting from RRC state transitions is decided by the RRC state transition rate, and the latter one further depends on the traffic characteristic and the setting of RRC Inactivity Timer. The RRC Inactivity Timer is a timer resides inside one eNB, and the eNB starts the timer when data inactivity is detected for one UE and stops the timer when data activity is detected again for the same UE. When the timer expires, the eNB directs the UE to the idle mode by releasing the corresponding RRC connection.
· The signaling load resulting from handovers is decided by the handover rate, and the handover rate mainly depends on the UE mobility state and the network deployment. Besides, the setting of RRC Inactivity Timer also influences on the handover rate, this is because the use of the timer makes inactivity UEs stay longer in the idle state instead of keeping in the connected state all the way, thus reduces the handovers experienced by these UEs.
Similar evaluation methodology as used in the eDDA work item can indeed be borrowed in the core network signaling load evaluation for heterogeneous deployment, with more emphasis on the following aspects:
· More traffic models (e.g. FTP) should be considered instead of only considering those traffic models with small data packets as in eDDA, since users have the right to choose the application service they are using and the service requested by users in a real network is diverse. On the other hand, different traffic models may also lead to different RRC state transition rates, therefore change the results that can be drawn from the evaluation.
· The real heterogeneous deployment (e.g. macro cell overlapped with sparse or dense small cells) and the real UE speed (e.g. 30km/h, 60km/h or 120km/h) should be used instead of only using some hypothetical handover rates as in eDDA, since network deployment and UE speed largely affects handover rates therefore changes the signaling load resulting from handovers, and there is no mapping table to check out the correspondingly relationship between the combination of real deployments and speeds with those hypothetical handover rates.
3 Simulation
3.1 Simulation assumption
Taking above two aspects into consideration, a large area system simulation is designed to evaluate the core network signaling load in heterogeneous deployment. Table 1 lists the key parameters used for the simulation, and other simulation parameters and assumptions follow the large area system simulation agreements reached in the HetNet Mobility Enhancement work item [6].
Table 1 Key simulation parameters
	 Items 
	Description 

	Traffic model
	FTP traffic model 1 according to [7]

	Small cell number per macro cell
	For homogeneous deployment: 0

For heterogeneous deployment: 4

	Small cell placement
	Random placed according to [7]

	UE speed
	30km/h

	RRC Inactivity Timer
	5s, 10s, 
or Infinite (i.e. never release UE)


3.2 Simulation results
The raw simulation results are collected in Table 2, and the table shows the values of RRC state transition rate for different RRC Inactivity Timer settings and the values of handover rates for different combination of RRC Inactivity Timer settings and network deployments. And Figure 1 and Figure 2 make further analysis based on these values.
Table 2 Simulation results with different RRC Inactivity Timer settings and network deployments
	RRC Inactivity Timer
	RRC state transition rate

(Times per hour per UE)
	Handover rate

(Times per hour per UE)

	
	
	Homogeneous deployment
	Heterogeneous deployment

	Infinite
	0
	481
	961

	10s
	21
	244
	450

	5s
	29
	173
	317


It is fairly easy to calculate the relative increment of handover rate of heterogeneous deployment comparing with homogeneous deployment based on the statistic of handover times per hour per UE in Table 2, and the calculation results are demonstrated in Figure 1.
From Figure 1, it is observed that the relative increment of handover rate of heterogeneous deployment is 99.8% compared to that of homogeneous deployment when RRC Inactivity Timer is set to infinite, and the relative increment decreases along with the RRC Inactivity Timer getting smaller, but the relative increment still remains as 83.2% even though the RRC Inactivity Timer is set to 5 seconds.
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Figure 1 Relative increment of handover rate from heterogeneous deployment to homogeneous deployment
Although Figure 1 only shows the case of 30km/h UE speed and 4 small cells per macro cell, it could be foreseen that the relative increment of handover rate will enlarge if UE speed becomes faster or small cells get denser. And when UE number is about constant, the extra signaling load results from handovers in core network is approximately in proportion to the relative increment of handover rate, so an observation could be gotten as following:
Observation 1: The extra signaling load introduced by handovers to the core network in heterogeneous deployment is heavy compared to homogeneous deployment.
Mainly speaking, two kinds of core network signaling is specified in [8], one is UE associated signalling, and the other is non-UE associated signalling. Compared to UE associated signalling, most of non-UE associated signalling is relative infrequent used, some of them even transferred only once when one eNB is up to power, e.g. the signalling used to set up S1 connection. Thus the load caused by non-UE associated signalling is marginal to that caused by UE associated signalling. 
Further, the signalling used for RRC state transition and the signalling used for handover are two typical kinds of UE associated signalling, and they are frequently used in the real network. Other UE associated signalling may be also frequent, e.g. the signalling used for setup/modify/release E-RAB, but the load arising from such signalling depends on user behaviour thus is hard to evaluate. Therefore assuming the whole core network signalling load approximates to the sum of the load of signalling used for RRC state transition and the load of signalling used for handovers, and to see the proportion of the load of handover signalling accounts in the whole core network signalling load is helpful to determine the potential in the effort to reduce it.
The core network signalling used for RRC state transition are mainly six messages, including INITIAL UE MESSAGE, INITIAL CONTEXT SETUP REQUEST, INITIAL CONTEXT SETUP RESPONSE, UE CONTEXT RELEASE REQUEST, UE CONTEXT RELEASE COMMAND and UE CONTEXT RELEASE COMPLETE. Assuming the X2 interface is always available, and then the core network signalling used for handovers mainly includes two messages: PATH SWITCH REQUEST and PATH SWITCH REQUEST ACKNOWLEDGE. 
Taking the values of RRC state transition rate and handover rate in Table 1, and considering the messages number needed for each RRC state transition and handover, it is easier to get the percentages of handover signalling load in the whole core network signalling load for heterogeneous deployment, and this is demonstrated in Figure 2.
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Figure 2 Percentages of handover signaling in the whole core network signaling for heterogeneous deployment
It is obvious in Figure 2 that the handover signaling load accounts for 100% in the whole core network signaling when RRC Inactivity Timer is set to infinite, since in this case UE keeps staying in the connected state once it enters it and there is no RRC state transition in the network. The proportion of handover signaling load decreases with the RRC Inactivity Timer getting smaller, and this is natural since RRC state transition rate increases and handover rates decreases in this case. However, the decline of the proportion is not dramatic, and it still remains as 78% even the RRC Inactivity Timer is shorten as 5 seconds. 
Again Figure 2 only shows the case of 30km/h UE speed and 4 small cells per macro cell, it could be foreseen that the proportion of handover signaling load will enlarge if UE speed becomes faster or small cells get denser, this is because handover rate increases in that cases but the RRC state transition rate remains. Therefore the following observation could be obtained:
Observation 2: The signaling load introduced by handovers accounts for a large proportion of the whole core network signaling load in heterogeneous deployment.
4 Conclusion
Based on the methodology developed in eDDA study, this contribution evaluates the core network signaling load introduced by handovers, using FTP traffic model and more realistic heterogeneous network deployment/UE speed. 
Observation 1: The signaling load introduced by handovers to the core network in heterogeneous deployment is heavy compared to homogeneous deployment.

Observation 2: The signaling load introduced by handovers accounts for a large proportion of the whole core network signaling load in heterogeneous deployment.

Hence it is proposed to:
Proposal 1: Include the simulation results and corresponding observations into 3GPP TR 36.842.

Proposal 2: Take signalling load caused by handovers towards the CN as an evaluation metric in afterwards performance comparison between different architectures for small cell enhancement.
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