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1.
Introduction
The study on further enhancement of small cell high layer aspects has been started from last meeting. In this paper, we keep investigating the potential issues for this SI and give our proposals finally. 
2.
Discussion
In last meeting, we have identified the potential dense small cell scenarios into TR [8], which takes the scenarios studied in TR 36.872 as the reference and also given 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
The scenarios above are also exactly the same as the scenarios studied by RAN2, which corresponding to TR 36.842. 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, which showed that the deployment of a big number of small cells would increase mobility signalling to CN for all the three scenarios. In order to solve it, we introduced dual connectivity in Rel-12 WI, which works well especially for the architecture 3C. However, for scenario 3, no solution exists yet. 
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 investigated since S1 messages are involved for them. The increase of small cells also increases the signalling a lot. In [9][10], it is said that it is not a big problem if operator makes better network planning. For example, it mentioned in [9] that the eNB in a large tracking area will definitely receive more paging messages than the eNB in a small tracking area. With a good network planning, the paging load issue can be greatly eliminated. The intention may be to make the tracking area as small as possible so that the number of paging can be reduced. However, in this way it would infer to another problem even if the paging signalling can be reduced. That is the increasing of TAU since TAI is changed very frequently for the dense small cell case. Thus, the signalling to CN would be increased a lot due to TAU. So it is not good to rely only on the operator’s network planning. It is better to find other potential solutions. On the other hand, in [10] it mentioned that for paging, we would expect that the EPC may apply more advanced paging schemes to restrict the area of the first paging attempt, which would reduce the overall paging load. It is a potential direction to go. But currently the available solutions are to allow eNB to report ECGI or TAI to MME, which may reduce the signalling from MME. However, it is not sure whether it works well or not for the dense small cell requirements. For example if eNBs have to report the neighbour cells lists or TAIs, the information to MME would be a lot since small cell’s neighbour would be a big amount.  On the other hand, MME needs to send paging to a lot of small cells based on the report. Therefore, other potential solution should be studied in this SI to reduce the signalling of paging and TAU. 
The analysis above concludes the following proposal to RAN3:
Proposal 1): It is proposed to study the following potential signalling issues in this SI:
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

In order to solve the signalling issues listed above for all three scenarios, one hot discussion was about mobility anchor as shown in Fig. 1, which can also be reviewed through the agreements and chairman notes of RAN2 for Rel-12 small cell SI.  
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Fig. 1. The Architecture of Mobility Anchor. 

From RAN2 chairman note [7], we can find that 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. Therefore, the reason is clear that the architecture change is within RAN3’s technical responsibility and RAN2 cannot do the evaluation for that. Thus RAN3 should resume the SI based on the observations done there. 
After the WI of Rel-12 DC, the mobility anchor solution in Fig. 1 has enlarged the scope, which could be given as follows: 

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): It is proposed to resume the evaluation of the benefits and network impact of the mobility anchor solution in RAN3. 
3. Conclusions
This paper investigated the potential issues for dense small cell case. The following proposals are suggested to RAN3: 
Proposal 1): It is proposed to study the following potential signalling issues in this SI:
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

Proposal 2): It is proposed to resume the evaluation of the benefits and network impact of the mobility anchor solution in RAN3.
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