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1. Introduction
RAN plenary approved two study items on small cell enhancements to investigate physical and higher layer aspects in the last meeting [1, 2]. The main objectives of the physical layer aspects of the study item are [1]:

1. Study potential enhancements to improve the spectrum efficiency
2. Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters
3. Physical layer study and evaluation for small cell enhancement higher-layer aspects
In this contribution, we discuss top level small cell operation mechanisms to initiate RAN1 discussion to support higher layer aspects. 
2. Discussion
The following deployment scenarios are to be considered for small cell enhancements, as defined in the RAN study item technical report [3]:   
1. With and without macro coverage

2. Both outdoor and indoor (low and medium UE Speed)

3. Ideal and non-ideal backhaul

4. Dense and sparse deployment 
One important small cell deployment scenario is dense deployment under macro cell coverage, where macro and small cell layer have different carrier frequencies [3]. For example, in large shopping mall or in urban area, large capacity is needed to meet the huge traffic demands during peak times.  In this case, large numbers of small cells are deployed under macro cell. In the traditional network deployment approach, UEs are always camped and connected to one cell based on operator’s network configurations and/or UE’s radio condition (ie., the received signal quality). That is:

· UE always camps on either macro cell or small cell layer (RRC_IDLE).  

· UE establishes RRC connection to the camping cell (either macro or small cell layer) during data transmission (RRC_CONNECTED)

· Handover mechanism is used to move UEs from one cell layer to another for load balancing.  

For efficient small cell operation under macro cell coverage, it is desirable that: 
· Data/control is transmitted to UE from small cell if UE is stationary or slowly moving.

· This reduces (or localizes) interference since transmit power is minimized. 

· Network signalling (ex., paging and etc.) is transmitted to UE from macro cell if UE is in idle state. 

· This reduces signalling overhead since network does not know which frequency layer UE camps on   
That means UE could always camps on macro cell layer in RRC_IDLE state and connects to small cell layer when RRC connection is required (RRC_CONNECTED). The following summarises the benefits in forcing UEs to always camps on macro layer, even UE is in good radio condition under small cell layer.

· The E-UTRAN does not need to send the paging messages on small cell layers, and thus reducing network signalling overhead.

· UE does not frequently update its location to the network, particularly for high speed UEs. 
· More efficient “Dormant state” (where a cell can sleep most of the time) for small cell, since UEs are less likely camping on small cell layer. 

Observation 1: There are benefits and feasible scenarios for UE always camp on macro cell layer even UE is in good radio condition under small cell layer.

The following three options, as shown in Figure 1, could be considered for enabling UE to connect to small cell layer on RRC_CONNECTED state, when UE camps on macro cell layer on RRC_IDLE state.  
· Option-1: Rel-8 mechanism
· Option-2: Rel-10 CA mechanism
· Option-3: New mechanism 
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Note: F1 and F2 are the carrier frequencies of macro and small cell layers respectively.  

Figure 1: Small cell operation under macro cell coverage
Option-1: Rel-8 mechanism
In this option, UE camps on MeNB (RRC_IDLE) and establish RRC connection with MeNB (RRC_CONNECTED). Then, MeNB performs “Handover” UE to SeNB for data transmission and reception. UE can be forced to camp on small cell layer by Rel-8 cell re-selection mechanism. However, it would also force the UE to setup the RRC connection with macro layer in case of a paging message, according to the present mechanism. This may not be preferred way if a small cell is nearby.
Option-2: Rel-10 CA mechanism
In this option, UE camps on MeNB (RRC_IDLE) and establish RRC connection with MeNB (RRC_CONNECTED). Then, MeNB performs “SCC Activation” to add SeNB as secondary component carrier (SCC) for data transmission and reception. This approach requires dual connectivity with macro and small cell layer. However, data could be transmitted only from small cell layer, while macro layer could manage the mobility. The feasibility and benefits of dual connectivity is one of the objectives of this study item [1, 2]. The dual connectivity could be either for both UL and DL or DL only. However, this option is valid for cases where macro and small cell layers have different carrier frequencies, since it extends the CA principles.   
Option-3: New mechanism
In this option, UE camps on MeNB (RRC_IDLE) and establish RRC connection directly with SeNB (RRC_CONNECTED), avoiding handover from MeNB. This applies to UE originated connection and UE terminated connection (i.e., upon the reception of paging message on the macro cell layer). This option might require new or enhanced UE access procedures and some signalling support. Further, this option could be considered with and without dual connectivity with macro and small cell layer. Performance benefits and system complexity aspects should be further investigated for this option. 
The above three options require efficient discovery of small cells and their configuration. We think the following aspects to be considered for small cell discovery mechanism:

1. It should support UEs in both RRC_IDLE and RRC_CONNECTED states with either macro or small cell layers. 

2. It should minimise UE power consumptions due to small cell discovery mechanism.

3. It should not degrade UE throughput performance due to interruptions on the serving cell operation. 
4. It should not degrade UE mobility performance in both RRC_IDLE and RRC_CONNECTED states. 

5. It should minimize impacts on legacy UE operation and performance.

Observation 2: Different top level operating mechanisms are possible for small cell deployment under macro cell coverage. The small cell discovery solution should consider different top level operating mechanism.    

3. Conclusion

We discussed some top level small cell operation mechanisms to initiate RAN1 discussion on requirements, and we observe the following. 

Observation 1: There are benefits and feasible scenarios for UE always camp on macro cell layer even UE is in good radio condition under small cell layer.

Observation 2: Different top level operating mechanisms are possible for small cell deployment under macro cell coverage. The small cell discovery solution should consider different top level operating mechanism.    
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