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1 Introduction

Signaling load toward CN was confirmed as a challenge for Small Cell Enhancement SI. Two solutions were proposed so far; Mobility anchor solution and S1-GW solution. This contribution analyzes them and proposes way-forward.

2 Discussion
Current Handover Signalling

Densely deployed small cells would cause frequent handovers. ‘Path Switch’ and ‘Path Switch ACK’ occur toward CN upon every handover as shown in the figure 1. This contribution first discusses how Mobility anchor and S1-GW reduce these signalling (‘Mobility bearer request’ and ‘Mobility bearer response’ are not considered here). 

[image: image1.emf]S T

MA/ 

S1-

GW

HO request

HO request ACK

UE

HO cmd

SN status transfer

data forwarding

Path Switch

Path Switch ACK

Context Release

MME S-GW

Modify bearer request

Modify bearer response


Fig 1

Overview on Mobility anchor and S1-GW
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Fig 2
By terminating ‘signalling toward CN’ at Mobility Anchor (MA) or S1-GW, the signalling does not reach to MME/S-GW.  It is the way how signalling load is reduced in both solutions. Table 1 presents high-level comparison on other aspects between two solutions.
<Table 1> High level comparisons
	
	Mobility Anchor
	S1-GW

	Architecture
	Flat
	Hierarchical

	S1-MME termination
	Mobility Anchor
	S1-GW

	S1-U termination
	Mobility Anchor
	S1-GW

	UE impacts
	Yes for some options
	No

	Signalling load reduction towards CN
	Yes
	Yes


Details on mobility anchor
There were many contributions on mobility anchor but details on it are not entirely clear yet. ‘Anchoring’ would mean that something relevant is managed by somewhere else than the serving ENB. Depending on anchoring level, there would be many variants. Just for discussion, let’s denote them Type 1-MA, Type 2-MA and so on.
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Fig 3

Table 2 is the summary on each type of mobility anchor
<Table 2> 

	Type
	Pros
	Cons

	Type 1
	Simple

No UE impact
	Only for signalling load reduction

	Type 2
	Maybe no UE impact

Possible to enhance mobility robustness
	New procedure to keep the UE context up-to-date

	Type 3
	Maybe UE impact
Possible to enhance mobility robustness
	New procedure to establish RRC-less bearer in the serving ENB

	Type 4
	Possible to enhance mobility robustness

Possible to reduce security key refresh
	UE impact

New procedure to establish RRC/PDCP-less bearer in the serving ENB
Short MAC-I needs to be provided by Mobility Anchor (if MA is not source ENB, signalling increase)


As seen in the table 2, type 2/3/4 MA may provide other benefits than signalling load reduction. However it comes at the expense of complexity in both UE and NW. 
Details on S1-GW
The gateway between ENB and MME/S-GW performs proxy roles for ‘signalling with CN’ and ‘EPS bearer handling’ in this solution. There would be no UE impact and no RAN2 impact. It is kind of familiar solution that have been discussed and adopted many times in the past. As like mobility anchor solution direction, it can achieve the signalling load reduction for inter-ENB carrier aggregation as well by terminating signalling towards CN (yet to be defined) in the S1-GW as shown by the right side in the figure 4. 
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Fig 4
Gain analysis
In both solutions, Path Switch towards MME and Path Switch Ack from MME are removed. However, similar signalling is still needed between eNB and Mobility Anchor/S1-GW as shown in the figure 5.
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Fig 5
Mobility anchor solution may provide more gain upon entering small cell cluster and upon leaving small cell cluster as shown in the figure 6. Mobility anchor acts as source ENB or target ENB in these cases. 
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Fig 6
Based on the analysis, pros and cons of each solution are summarized in the table 3. 
<Table 3> 

	Type
	Pros
	Cons

	S1-GW
	No UE impact
	New procedure between S1-GW and Target ENB for path switch  

Less signalling reduction comparing to MA solution upon entering/leaving small cell cluster

	Type 1-MA
	No UE impact
	New procedure between Mobility Anchor and Target ENB for path switch  

	Type 2-MA
	Potential to improve UE mobility robustness
	New procedure between Mobility Anchor and Target ENB for path switch
New procedure to keep the UE context up-to-date

	Type 3-MA
	Potential to improve UE mobility robustness
	UE impact

New procedure between Mobility Anchor and Target ENB for path switch
New procedure to establish RRC-less bearer in the serving ENB

	Type 4-MA
	Possible to enhance UE mobility robustness

Possible to reduce security key refresh
	UE impact
New procedure between Mobility Anchor and Target ENB for path switch
New procedure to establish RRC/PDCP-less bearer in the serving ENB

Short MAC-I needs to be provided by Mobility Anchor (if MA is not source ENB, signalling increase)


In general, mobility anchor solution direction provides more gain in terms of signalling load reduction. However it is questionable how much the additional gain is. Probably the major scenario would be UE moving inside the small cell cluster; the case that UE entering/leaving the cluster would be rather limited. 

Type 2, type 3 and type 4 mobility anchor solution have the potential to improve the mobility robustness at the expense of additional complexity. The discussion on mobility robustness is ongoing in HetNet WI. Totally different solution than the mobility anchor type solution could be developed in that WI. In our view it would be better to not consider the potential benefit on the mobility robustness in discussing a solution for signalling load reduction.
Type 1 mobility anchor solution can be seen as a subset of S1-GW. If S1-GW is implemented in Macro ENB which would be a feasible implementation option, it is actually type 1 mobility anchor. 
In the light of above reasons, the proposal is

Proposal: It is proposed to adopt S1-GW solution to reduce the signalling load due to increased number of small cells in the scenario 1, 2 and 3.
3 Conclusion
It is proposed to adopt S1-GW solution for signalling load reduction challenge in the scenario 1, 2 and 3.
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