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1   Introduction
In the SID [1], the scope only includes the signalling load part as:
· 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 solution (RAN3).
However, besides the signalling load reduction in RAN3 only, there are some other proposals or issues are emerged related with dense small cell scenario. In this paper, we try to discuss the potential issues besides signalling reduction in RAN3 only for dense small deployment.
2   Discussion

2.1   Mobility

In the dense small cell deployment, the UE may experience more frequent handover due to the number and radius of small cell.  And the interference between small cells is increased in case dense deployment, which is harmful for mobility robustness. The UEs on small cell layer move across cell boundary more frequently, which shall cause high possibility of handover failures as indicated in Fig.1 [2]. When the small cells become denser, the handover failures become much higher, e.g., for 30km/h scenario, handover failure rate is 2 times in 20 cells case than in 10 cells case. And the failures rate is much higher if there is no macro coverage. 
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Fig. 1: Handover failure rate without DRX (Figure 5.2.1-1 in TR 36.842)
In the [3], it is mentioned that the trend to meet capacity requirements is to densify the networks and add more macros as well as small cells and Smaller ISDs and higher site count will generate an increased number of handovers which may have a negative impact on mobility performance, especially when users have high movement velocity. And enhancement of mobility robustness is proposed as:
· Study enhancement for reliable transmission of handover related signalling enabled by reception and transmission from/to multiple network nodes.
This solution which is named as RRC diversity has already discussed in R12. There is some impact on RAN3, i.e. exchange handover related signalling between eNBs.
The contribution [4] proposes an optimizing the handover procedures for the synchronous networks, e.g. :

· Shorter interruption times to data transmission (due to possibility for detaching from previous cell at a later time), and

· Avoiding random access overhead in the target cell at every handover (i.e. reducing RA resource usage and UL interference due to RA attempt)

We believe that this solution mainly for inter small cell handover since the random access can only be avoided in small cell in which case the UL timing advance can be ignored.
There are lots of studies on this topic, e.g. in [5], several advanced mobility management schemes are investigated:
· User grouping management, where stationary users are served by small cells while mobile users are allocated to the macro cell;

· Virtual cells by clustering cooperating hyper dense small cells;

· Adaptive handover, which changes the hysteresis level according to the mobile speed.

· Neighbour list management, e.g. adjacent cells can share neighbour lists.

All these proposals prove that there is mobility issue in dense small cell scenarios.

Proposal 1: The mobility enhancement needs to be enhanced in dense small cell scenario.
2.2   Signalling Reduction
Although the signalling reduction has already been as a part of SI, it only includes RAN3 part. There are some proposals which include RAN2 signalling reduction.

A new WI about the signalling reduction for IDLE->Active transmission is proposal in [6]. In this paper, it is mentioned that continuous traffic growths results in continuous increase of signalling load including small cell scenarios. The contributor would like to reduce the signalling and processing load by:
· Re-use of information from the previous RRC connection for the subsequent RRC connection setup. 

· Store and re-use previous RRC connection related information (Uu related), e.g. AS Security Context, DRB-id etc.

· Store and re-use previous  S1-MME UE association (S1AP)

· Store and re-use previous S1-U bearer context related information (S1-U) 

Another proposal is the signalling reduction for RRC Connected mode handover and/or cell management control from [7]. This paper suggests investigate options for more efficient cell management in small cell environments. Specifically, how to support the network could transfer part of control cell management action in RRC connected mode to the UE should be considered as means for reducing RRC signalling overhead.
The two WI proposals indicate there are some signalling load problems in small cells clearly in their paper.

Proposal 2: Reduction of signalling load including RRC should be considered for dense small cell.

2.3   RRM Management

The RRM Management may face the following challenges with dense small cell deployment:

· As cells get smaller, and as more small cells are packed into the same amount of space, the mobile user may see more diverse and stronger out-of-cell interference [5]. 

· It is anticipated that in an unplanned/semi-planned deployment, RF environment around each small cell is different and dynamic [5]. 

· Small Cells may be deployed without network planning and may use unlicensed spectrum (DFS/power management to satisfy the regulation).

SON related enhancement could be considered for the dense small cell management.
TR 36.932 shows that automatic mechanisms such as plug-and-play provisioning to support flexible configuration and lower cost for operation and maintenance could be considered for both operator- and user-deployed scenarios, taking into account the possible absence of radio planning on these deployments. Even in operator deployed scenario, the reduction in cell planning efforts compared to Releases 10/11 should be considered [8].
Proposal 3: SON related enhancement could be considered for dense small cell.

3   Conclusions
Proposal 1: The mobility enhancement needs to be enhanced in dense small cell scenario.

Proposal 2: Reduction of signalling load including RRC should be considered for dense small cell.

Proposal 3: SON related enhancement could be considered for dense small cell.

Although above proposals are out of scope of the SI, it is beneficial to solve the issues for dense small cell. RAN3 is kindly asked to consider above potential issues for study.
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