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1.
Introduction
The new SI [1] on further enhancement of small cell high layer aspects was approved, which can be thought as further study of Rel-12 small cell higher layer done by RAN2. The objective of this new SI is to identify and evaluate the potential issues related to the increased signalling load in case of dense small cell deployment. This paper firstly investigates the work done before in Rel-12 and gives the potential issue that we should keep studying on. 
2.
Discussion
During Rel-12 study on small cell, both physical layer aspect and high layer aspect, three scenarios were considered as follows: 
· Scenario # 1: Macro and small cells on the same carrier frequency (intra-frequency) are connected via non-ideal backhaul
· Scenario # 2: Macro and small cells on different carrier frequencies (inter-frequency) are connected via non-ideal backhaul
· Scenario # 3: only small cells on one or more carrier frequencies are connected via non-ideal backhaul
About all the three scenarios, a common issue was about increased signalling load to CN. The problem was identified in TR 36.842 [2]. For proofing the problem, the corresponding simulation results for three deployment scenarios were also adopted there.  For scenario #1, it was observed in [2][4] that the amount of signalling due to handover is increased over the radio interface and E-UTRAN including toward the CN as the number of small cells is increased, which can also be applied to scenario #2 [2]. In addition, the results on scenario #2 also show that keeping the mobility anchor (S1-U and S1-MME) in the macro cell can save signalling overhead towards CN [5].  In addition, for Scenario #3 the number of mobility events is about 4 times higher than that of a macro only network as shown in [2][6].  
From the results of Rel-12 SI done by RAN2, the following is observed: 
Observation 1): The study results of Rel-12 SI have shown that deployment of a big number of small cells would increase mobility signalling to CN. 
During the study of Rel-12 SI, the scope was very wide to cover all the three scenarios, results of which showed that the potential solution for scenario #1 and #2 and that for scenario #3 could be different. In the initial stage of Rel-13, there is no reason to limit the scope since the common problem exists for them. The following proposal is suggested to RAN3: 
Proposal 1): The entire scenario #1, #2 and #3 should be investigated for solving the increased CN signalling problem as an extension of Rel-12 SI. 
By reviewing the agreements and chairman notes of RAN2 for Rel-12 small cell SI, one hot discussion was about mobility anchor as shown in Fig. 1: 
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Fig. 1. The Architecture of Mobility Anchor. 

The conclusion was that RAN2 has not completed the evaluation of the benefits and network impact of such mobility anchor solution and agrees that this falls into responsibility of RAN3[7]. 
The mobility anchor solution in Fig. 1 has a large scope: 

1.)  For scenario 1 or 2, it collocates with Macro eNB
1.1) Architecture 3C for Dual Connectivity
1.2)  MeNB anchor for Single Connectivity , which terminates S1-U and S1-MME
2.) For scenario 3, it is an independent node, like HeNB-GW but functions could be different or more to be added
From the analysis above, it can be seen that the mobility anchor concept are much bigger than the current scope of dual connectivity 3C architecture, which can successfully hide the mobility signalling to the CN. It is necessary to do more study on this solution in order to check the feasibility, evaluate the benefits and network impacts. 
Based on the analysis above, the following proposal is suggested to RAN3: 

Proposal 2): The mobility anchor solution can be re-started in RAN3 based on the results of Rel-12 SI in order to solve the signalling issue. 
For the potential signalling to reduce, not only the mobility signalling to CN (Path Switch Request/Ack) should be investigated as described above, the state transition procedures (including service request) should also be checked. In [2], the simulation results showed that the amount of S1 signalling towards to CN is increased dramatically with the increase of small cells. On the other hand, the tracking area update procedure and the paging procedure should also be checked since S1 messages are involved for them. The increase of small cells may also increase the signalling a lot. In summary, the following procedures should be checked when designing the architecture: 
1. Mobility Procedures (Path Switch Request /ACK)

2. State transition procedures (including service request)

· Initial UE message 
· Initial Context Setup Request/Response
· Etc.

3. Tracking area update

4. Paging
The analysis above concludes the following proposal to RAN3:
Proposal 3): Including the mobility signalling, other potential S1-invloved signalling for state transition procedure, TAU procedure and paging should also be investigated. 
3. Conclusions
This paper investigated the potential issues that we should keep studying on small cell in Rel-13. The following proposals are suggested to RAN3: 
Proposal 1): The entire scenario #1, #2 and #3 should be investigated for solving the increased CN signalling problem as an extension of Rel-12 SI.
Proposal 2): The mobility anchor solution can be re-started in RAN3 based on the results of Rel-12 SI in order to solve the signalling issue.

Proposal 3): Including the mobility signalling, other potential S1-invloved signalling for state transition procedure, TAU procedure and paging should also be investigated.
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