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1. Introduction 
The SI proposal on Study on further enhancements of small Cell high layer aspects for LTE has been agreed in RAN3#66 [1], including the identified objective:

“•
Identify and evaluate the potential issues related to  the increased signalling load in case of dense small cells deployment and if issues are identified, study potential solutions (RAN3) 
In this paper, we intend to discuss the issues of the increased S1 signalling load and propose an alternative for this issue.

2. Discussion
For the dense small cell deployment, the issue of increased signalling load due to frequent handover has been identified at R12 in TR 36.842 [2]. The number of handover events increases triple more than that for network with macro only. 
Table 1: Statistics for number of Mobility events per UE per minutes in Scenario #3
	Deployment
	HOs / min, 30 km/h
	HOs / min, 3 km/h

	Macro-Only
	3.5
	1.0

	Scenario #3: 10 small cells/Macro site (single channel)
	14.5
	4.3


The dense small cell may be deployed with macro coverage or without macro coverage. For the latter, the increased S1 signalling load is clear:

· Frequent handover contributes great S1 signalling load. 

· A great amount of S1 interfaces are setup between CN and small cells, the number of transfer of non UE associated signalling and paging increases along with the density of small cells.
With respect to deployment with macro coverage, 

· When dual connectivity is applied, the increased S1signalling load is not critical anymore. The MeNB works as the control centre for small cells.

· In the architecture of RAN split, there is no more S1 signalling than macro only.

· In the architecture of CN split, E-RAB modification indication procedure is added, but we don’t think this S1 signalling can be optimized. 
· When DC is not applied, a great amount of X2 interfaces may be required between macro and small cell. The issue of increased S1 signalling load is same as the deployment with macro coverage.
In hence, it is worth to cope with the issue of increased S1 signalling load to avoid CN overloaded, especially when DC is not applied. 
Proposal1: RAN3 is proposed to solve the issue of increased S1 signalling load.
The solution for this issue should not impact UE to avoid the back forwards compatibility. The solution which has impact on air interface has been ruled out at rel-12 and the final solution should only have RAN3 impact. A S1GW or a mobility anchor naturally satisfies this requirement. The S1GW is deployed between CN and small cells. It reduces/hides the S1 signalling towards CN and works as the mobility anchor for UE. It has been discussed in rel12 but the impact on the current network is not identified yet.

Proposal2: It is proposed to agree the S1GW as the way forward to solve the issue of increased S1 signalling load due to frequent handover.

3. Conclusion
In this paper, we intend to discuss the issues of the increased S1 signalling load and propose an alternative for this issue.

Proposal1: RAN3 is proposed to solve the issue of increased S1 signalling load.
Proposal2: It is proposed to agree the S1GW as the way forward to solve the issue of increased S1 signalling load due to frequent handover.

4. Reference
[1]  RP-142283 New Study Item proposal: Study on further enhancements of small Cell high layer aspects for LTE
[2]  36.842 Study on Small Cell enhancements for E-UTRA and E-UTRAN; Higher layer aspects
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