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1. Introduction
In this paper, the potential issues related to the increasing UE associated signalling load in case of dense small cells deployment are discussed for the SI [1].

2. Discussion

A comparison of different types of signalling from SGSN/MME point of view is provided in the Table 1. The calculation model is based on macro eNB.

Table 1. Comparison of different types of signalling of core network

	Traffic Parameter
	2G
	3G
	4G

	Attach per sub (subscriber) @ BH (Busy Hour)
	0.66
	0.2
	0.26

	Dedicated bearer(PDP) Active times per sub @ BH
	1.07
	0.66
	0

	Bearer(PDP) Modify times per sub @ BH
	0.01
	0.05
	1.6

	Service Request times per sub @ BH
	/
	8
	24

	Paging per sub @ BH
	2.21
	1.5
	11.6

	Average number of paged Macro eNodeB 
	　
	/
	100

	RAU/TAU per sub @ BH (Intra SGSN/ MME)
	2.13
	1.59
	0.87

	RAU/TAU per sub @ BH (Inter SGSN/ MME)
	0.62
	0.64
	0.02

	Handover per sub @ BH (Intra MME)
	/
	/
	6.8

	Handover per sub @ BH(Inter MME)
	/
	/
	0.61


  NOTE: The inactivity timer in 4G  is set to 20s. The PCH is used in UMTS (1800s to idle).

As it is shown in the Table 1, the main UE associated signalling towards core network is caused by service request and handover.

Observation 1: The main UE associated signalling towards core network is caused by service request and handover.

As shown in the Table 1, the most UE-associated signalling is caused by service request and handover. The Table 2 shows the amount of signalling messages over the S1 interface for both connection setup and X2 handover. For connection setup, the following S1-AP messages are assumed: [2]

1.
Initial UE message (including Service Request)

2.
Initial Context Setup Request

3.
Initial Context Setup Response

4.
UE Context Release Request

5.
UE Context Release Command

6.
UE Context Release Complete

For X2 handover, the following S1-AP messages are assumed:

1.
Path Switch Request

2.
Path Switch Request ACK

Table 2: Comparison of S1 messages between service requests and handovers [2]

	Scheme
	Number of S1 messages 

due to connection setup

(per UE per hour)
	Number of S1 messages due to handover

(per UE per hour)

	
	
	Mobility Rate (cell changes per minute per UE)

	
	
	0.1
	0.3
	1
	3
	10

	Full use of RRC_CONNECTED
	0
	12
	36
	120
	360
	1200

	RRC Release timer = 5s
	384
	1.2
	3.6
	12.2
	37.0
	124.0

	RRC Release timer = 10s
	318
	2.0
	6.6
	21.8
	64.6
	218.0


In the Table 2, the X2 signalling is not considered. For handover, there are more X2 signalling:

1. Handover Request

2. Handover Command

The data forwarding needs to be considered as well, this spends most of X2 backhaul resources and eNB processing resources.
With increasing number of small cells, the number of handovers is increased. While increasing continuous traffic growths result in continuous increase of control signalling load [3]. As a result, the total of signalling for both service requests and handovers is increased in the future network which will have a sufficient impact on the network, e.g. on processing resources in the affected network noted, and backhaul / radio resources to conduct the actual message transfer.
How much dominant the handover signalling load to the CN is to the total signalling load in the E-UTRAN depends on the RRC inactivity timer. If the network releases RRC connection by setting the RRC inactivity timer to be shorter, the share of handover signalling to the CN can be reduced to be small as compared to connection setup up signalling. The longer timer results in the opposite way. 
Observation 2: The total number of signalling is increased with increasing small cell and continuous traffic.
Based on the observation 1 and 2, the following proposal is made:
Proposal 1: The total signalling caused by both service requests and handovers should be considered for signalling reduction.
3. Conclusions
Observation 1: The main UE associated signalling towards core network is caused by service request and handover.

Observation 2: The total number of signalling is increased with increasing small cell and continuous traffic.

Proposal 1: The total signalling caused by both service requests and handovers should be considered for signalling reduction.
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Annex
5
Challenges in Dense Small Cell Deployment
This clause describes the identified challenges in the dense small cell deployment as descried in section 4.
5.x
Increased signalling load
TR 36.932 [x] already defines a requirement to minimize signalling load to the CN as well as increase of backhaul traffic due to increasing number of small cell nodes. This clause provides an insight into quantified signalling load with respects to increasing number of small cells.
Table 5.X-1 shows the comparison of different types of signalling to the CN. The main UE associated signalling towards core network is caused by service request and handover.

Table 5.X-1. Comparison of different types of signalling of core network

	Traffic Parameter
	GSM
	UMTS
	LTE

	Attach per sub (subscriber) @ BH (Busy Hour)
	0.66
	0.2
	0.26

	Dedicated bearer(PDP) Active times per sub @ BH
	1.07
	0.66
	0

	Bearer(PDP) Modify times per sub @ BH
	0.01
	0.05
	1.6

	Service Request times per sub @ BH
	/
	8
	24

	Paging per sub @ BH
	2.21
	1.5
	11.6

	Average number of paged Macro eNodeB 
	　
	/
	100

	RAU/TAU per sub @ BH (Intra SGSN/ MME)
	2.13
	1.59
	0.87

	RAU/TAU per sub @ BH (Inter SGSN/ MME)
	0.62
	0.64
	0.02

	Handover per sub @ BH (Intra MME)
	/
	/
	6.8

	Handover per sub @ BH(Inter MME)
	/
	/
	0.61


NOTE: The inactivity timer in 4G  is set to 20s. 
How dominant the handover signalling load to the CN is compared to the total signalling load in the E-UTRAN depends on the RRC inactivity timer. If the network releases the RRC connection by setting the RRC inactivity timer to be shorter, the share of handover signalling to the CN can be reduced to be small compared to the connection setup up signalling. A longer timer results in the opposite. However, with an increasing number of small cells and increasing continuous traffic growths, the total amount of signalling for both service requests and handovers is increased in the future network which  may have a non-negligible impact on the network, e.g. on processing resources in the affected network noted, and backhaul / radio resources to conduct the actual message transfer.
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