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1. Introduction

EPC load impact is a big issue when considering a benefit and efficiency of S1 HO and X2 HO in diverse handover scenarios. But we have never investigated a quantitative analysis about S1 HO and X2 HO on our specification so far. If we can get a quantitative analysis data, I believe we can more efficiently discuss about this issue in the future work.
This paper shows the quantitative analysis results about S1 HO and X2 HO signaling messages on our specification.
2. A Quantitative Analysis Results on EPC Load Impact
Here, we performed the analysis based on handover signaling procedures and messages in [1] and [2] in order to investigate the load impact to the control plane of the EPC by X2 and S1 handover signaling messages. 
The analysis included the general packet radio service tunnelling protocol-control (GTP-C) signaling message in relation to the handover. But the radio resource control (RRC) signaling messages are excluded. Moreover the inter-mobility management entity (inter-MME) handover was excluded from the analysis of X2 HO since there was no X2 handover scenario. 
2.1 Signaling Messages on Normal S1 HO Scenarios 
The following tables are the list of signaling messages on normal S1 HO scenarios. The normal S1 HO scenarios are classified by the following;
1. Intra-MME and Intra-S-GW S1 HO
2. Intra-MME and Inter-S-GW S1 HO
3. Inter-MME and Intra-S-GW S1 HO
4. Inter-MME and Inter-S-GW S1 HO
Table 1. Intra-MME and Intra-S-GW S1 HO
	
	Intra-MME and Intra-S-GW S1 HO

	1
	S1AP: Handover Required

	2
	S1AP: Handover Request

	3
	S1AP: Handover  Request Ack

	4
	GTP-C: Create Indirect Data Forwarding Tunnel Request

	5
	GTP-C: Create Indirect Data Forwarding Tunnel Response

	6
	S1AP: Handover Command

	7
	S1AP: eNB Status Transfer

	8
	S1AP: MME Status Transfer

	9
	S1AP: Handover Notify

	10
	GTP-C: Modify Bearer Request

	11
	GTP-C: Modify Bearer Response

	12
	S1AP: UE Context Release Command

	13
	S1AP: UE Context Release Complete

	14
	GTP-C: Delete Indirect Data Forwarding Tunnel Request

	15
	GTP-C: Delete Indirect Data Forwarding Tunnel Response


Table 2. Intra-MME and Inter-S-GW S1 HO
	
	Intra-MME and Inter-S-GW S1 HO

	1
	S1AP: Handover Required

	2
	GTP-C: Create Session Request

	3
	GTP-C: Create Session Response

	4
	S1AP: Handover Request

	5
	S1AP: Handover  Request Ack

	6
	GTP-C: Create Indirect Data Forwarding Tunnel Request

	7
	GTP-C: Create Indirect Data Forwarding Tunnel Response

	8
	GTP-C: Create Indirect  Data Forwarding Tunnel Request

	9
	GTP-C: Create Indirect  Data Forwarding Tunnel Response

	10
	S1AP:Handover Command

	11
	S1AP:eNB Status Transfer

	12
	S1AP:MME Status Transfer

	13
	S1AP:Handover Notify

	14
	GTP-C: Modify Bearer Request

	15
	GTP-C: Modify Bearer Request

	16
	GTP-C: Modify Bearer Response

	17
	GTP-C: Modify Bearer Response

	18
	GTP-C: Delete Session Request

	19
	S1AP:UE Context Release Command

	20
	S1AP:UE Context Release Complete

	21
	GTP-C: Delete Session Response

	22
	GTP-C: Delete Indirect Data Forwarding Tunnel Request

	23
	GTP-C: Delete Indirect Data Forwarding Tunnel Response

	24
	GTP-C: Delete Indirect Data Forwarding Tunnel Request

	25
	GTP-C: Delete Indirect Data Forwarding Tunnel Response


Table 3. Inter-MME and Intra-S-GW S1 HO
	
	Inter-MME and Intra-S-GW S1 HO

	1
	S1AP: Handover Required

	2
	GTP-C: Forward Relocation Request

	3
	S1AP: Handover Request

	4
	S1AP: Handover Request Ack

	5
	GTP-C: Forward Relocation Response

	6
	GTP-C: Create Indirect Data Forwarding Tunnel Request

	7
	GTP-C: Create Indirect Data Forwarding Tunnel Response

	8
	S1AP: Handover Command

	9
	S1AP: eNB Status Transfer

	10
	GTP-C: Forward Access Context Notification

	11
	GTP-C: Forward Access Context Acknowledge

	12
	S1AP: MME Status Transfer

	13
	S1AP: Handover Notify

	14
	GTP-C: Forward Relocation Complete Notification

	15
	GTP-C: Forward Relocation Complete Acknowledge

	16
	GTP-C: Modify Bearer Request

	17
	GTP-C: Modify Bearer Response

	18
	GTP-C: Delete Session Request

	19
	S1AP: UE Context Release Command

	20
	S1AP: UE Context Release Complete

	21
	GTP-C: Delete Session Response

	22
	GTP-C: Delete Indirect Data Forwarding Tunnel Request

	23
	GTP-C: Delete Indirect Data Forwarding Tunnel Response


Table 4. Inter-MME and Inter-S-GW S1 HO
	
	Inter-MME and Inter-S-GW S1 HO

	1
	S1AP: Handover Required

	2
	GTP-C: Forward Relocation Request

	3
	GTP-C: Create Session Request

	4
	GTP-C: Create Session Response

	5
	S1AP: Handover Request

	6
	S1AP: Handover Request Ack

	7
	GTP-C: Create Indirect Data Forwarding Tunnel Request

	8
	GTP-C: Create Indirect Data Forwarding Tunnel Response

	9
	GTP-C: Forward Relocation Response

	10
	GTP-C: Create Indirect Data Forwarding Tunnel Request

	11
	GTP-C: Create Indirect Data Forwarding Tunnel Response

	12
	S1AP: Handover Command

	13
	S1AP: eNB Status Transfer

	14
	GTP-C: Forward Access Context Notification

	15
	GTP-C: Forward Access Context Acknowledge

	16
	S1AP: MME Status Transfer

	17
	S1AP: Handover Notify

	18
	GTP-C: Forward Relocation Complete Notification

	19
	GTP-C: Forward Relocation Complete Acknowledge

	20
	GTP-C: Modify Bearer Request

	21
	GTP-C: Modify Bearer Request

	22
	GTP-C: Modify Bearer Response

	23
	GTP-C: Modify Bearer Response

	24
	GTP-C: Delete Session Request

	25
	S1AP: UE Context Release Command

	26
	S1AP: UE Context Release Complete

	27
	GTP-C: Delete Session Response

	28
	GTP-C: Delete Indirect Data Forwarding Tunnel Request

	29
	GTP-C: Delete Indirect Data Forwarding Tunnel Response

	30
	GTP-C: Delete Indirect Data Forwarding Tunnel Request

	31
	GTP-C: Delete Indirect Data Forwarding Tunnel Response


2.2 Signaling Messages on Normal X2 HO Scenarios 
The following tables are the list of signaling messages on normal X2 HO scenarios. The normal X2 HO scenarios are classified by the following;

1. Intra-MME and Intra-S-GW X2 HO
2. Intra-MME and Inter-S-GW X2 HO
The inter-MME handover was excluded from the analysis of X2 HO since there was no X2 handover scenario.
Table 5. Intra-MME and Intra-S-GW X2 HO
	
	Intra-MME and Intra-S-GW X2 HO

	1
	X2AP: Handover Request

	2
	X2AP: Handover Request Ack

	3
	X2AP: SN Status Transfer

	4
	S1AP: Path Switch Request

	5
	GTP-C: Modify Bearer Request

	6
	GTP-C: Modify Bearer Request

	7
	GTP-C: Modify Bearer Response

	8
	GTP-C: Modify Bearer Response

	9
	S1AP: Path Switch Request Ack

	10
	X2AP:UE Context Release


Table 5. Intra-MME and Inter-S-GW X2 HO
	
	Intra-MME and Inter-S-GW X2 HO

	1
	X2AP:Handover Request

	2
	X2AP:Handover Request Ack

	3
	X2AP:SN Status Transfer

	4
	S1AP: Path Switch Request

	5
	GTP-C: Create Session Request

	6
	GTP-C: Modify Bearer Request

	7
	GTP-C: Modify Bearer Response

	8
	GTP-C: Create Session Response

	9
	S1AP: Path Switch Request Ack

	10
	X2AP:UE Context Release

	11
	GTP-C: Delete Session Request

	12
	GTP-C: Delete Session Response


2.3 Results 
Figure 1 presents the comparison of the number of signaling messages between S1 and X2 handover scenario in case of the intra-MME and intra-SGW, or the intra-MME and inter-SGW. In case of the intra-MME and intra-SGW, a total of 15 signaling messages for S1 handover and a total of 10 signaling messages for X2 handover had been used respectively. 
Moreover in case of the intra-MME and inter-SGW, a total of 25 signaling messages for S1 handover and a total of 12 signaling messages for X2 handover had been used respectively. 

Therefore, we found that the 33 % of signaling messages needed more in S1 handover when compared to X2 handover in case of the intra-MME and intra-SGW. We also found that the 32 % of signaling messages needed more in S1 handover when compared to X2 handover in case of the intra-MME and inter-SGW.

Table 6. Number of signaling messages for S1/X2 handover procedures (All)
	
	S1 HO
	X2 HO
	X2/S1

	intra-MME and intra-S-GW S1/X2 HO 
	15
	10
	67%

	inter-MME and intra-S-GW S1/X2 HO
	23
	0
	0%

	intra-MME and inter-S-GW S1/X2 HO 
	25
	12
	48%

	inter-MME and inter-S-GW S1/X2 HO 
	31
	0
	0%
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Figure 1. Number of signaling messages for S1/X2 handover procedures (All)
Figure 2 describes the comparison of the number of signaling messages with respect to the EPC only between S1 and X2 handover scenario in case of the intra-MME and intra-SGW, or the intra-MME and inter-SGW. 
In case of the intra-MME and intra-SGW, a total of 15 signaling messages for S1 handover and a total of 6 signaling messages for X2 handover had been used respectively. Moreover in case of the intra-MME and inter-SGW, a total of 25 signaling messages for S1 handover and a total of 8 signaling messages for X2 handover had been used respectively.

Therefore, we found that the 60 % of signaling messages needed more in S1 handover when compared to X2 handover in case of the intra-MME and intra-SGW. We also found that the 68 % of signaling messages needed more in S1 handover when compared to X2 handover in case of the intra-MME and inter-SGW.

Ultimately it is shown that the S1 handover causes more severe load impacts to the EPC compared to the X2 handover.

Considering the LTE-Advanced environment which has relatively small cell size compared to 2G/3G network and a significant amount of HeNB, we can expect that the majority of handovers will be triggered more. The frequent S1 handover will be increased dramatically and place a tremendous burden to the EPC.

Here, the addition of X2 interface and the permission of X2 handover to the HeNB can be a sort of solution to decrease the load impact to the EPC and to increase the reliable handover.

Table 7. Number of signaling messages for S1/X2 handover procedures (EPC)
	
	S1 HO
	X2 HO
	X2/S1

	intra-MME and intra-S-GW S1/X2 HO (EPC)
	15
	6
	40%

	intra-MME and inter-S-GW S1/X2 HO (EPC)
	25
	8
	32%
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Figure 2. Number of signaling messages for S1/X2 handover procedures (EPC)
Proposal: It is proposed to include the results of this paper into the TR 37.803.
3. Conclusions

In this paper, we confirmed that X2 interface is the better solution in order to reduce EPC load impact rather than S1 interface by investigating 3GPP specifications. 
Based on the discussion, our proposal is;

Proposal: It is proposed to include the results of this paper into the TR 37.803.
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