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1
Introduction
In this contribution we discuss mobility study aspects for the study item on Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects based on the requirements and scenarios defined in TR 36.932 “Scenarios and requirements for small cell enhancement for E-UTRA and E-UTRAN”. In the contribution we also discuss relationship of HetNet Mobility enhancements [4] and New Carrier Type (NCT) [5] work items, which we also expect to affect mobility performance enhancements on small cell area and propose coordination between these different topics.
2. 
Discussion
The Section 6.1.2 of TR 36.932 [2] defines that small cell enhancements should target both outdoor and indoor small cell deployments. Additionally the following is defined for mobility assumptions of the UEs, which are targeted to be served by enhanced small cells;
For indoor UE, only low UE speed (0 – 3 km/h) is targeted. For outdoor, not only low UE speed, but also medium UE speed (up to 30km/h and potentially higher speeds) is targeted. 
Both throughput and mobility/connectivity shall be used as performance metric for both low and medium mobility. Cell edge performance (e.g. 5%-tile CDF point for user throughput) and power efficiency (of both network and UE) are also used as metrics for further study.
The section 8.2 of TR 36.932 defines further details for the mobility performance requirements for small cell enhancements, indicating that UEs are expected to be served with small cells nodes for mobile speeds up to 30 km/h. Therefore also mobility performance enhancements should have the same focus and i.e. ensuring robust mobility for UEs moving with velocities of up to 30 km/h. For ensuring robust mobility on small cells for UEs up to 30 km/h likely means that performance enhancements for keeping high mobility UEs out of small cells nodes and frequency layers should also be studied. 
For UEs being served on a macro layer and for the targeted mobile speeds up to 30 km/h, small cell nodes need to be discovered, and potential mobility to small cell node performed, in a timely manner and with low UE power consumption in a situation when the UE moves into the coverage area of the small cell layer.

Mobility across densely deployed small cell nodes, and between macro and small cell on the same frequency layer, should be targeted with good performance for mobile speeds up to 30 km/h. 

Mobility enhancements for higher speeds (e.g. 50-80 km/h) in small cell enhancements, e.g. for offload from vehicular UEs in outdoor small cells, can be studied in succeeding study items. Solutions for excluding very high mobility users should be considered.
Proposal 1: In the small cell mobility studies focus on ensuring enhanced small cell performance including mobility enhancements for serving UEs with moderate UE speeds (up to 30 km/h) with enhanced small cell nodes and ensuring robustness mobility by e.g. mechanisms and enhancements for keeping high speed UEs in macro cells and macro cell frequency layers rather than serving high speed UEs with enhanced small cell nodes.
As noted in the introduction of the document in parallel to this small cell enhancement study item also HetNet Mobility WI [4] and New Carrier Type WI [5] have been approved and started for release 12. We expect that these two work items will also impact the small cell mobility related studies and we would propose that RAN2 would discuss and try to see if it is possible to phase the work on these three different work and study items so that there would be as little overlap of these different topics during the actual work as possible. At the same time this phasing would allow the group to utilize the findings and decisions made earlier in the other topics. 

One new study area of the Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects SI compared to the HetNet Mobility WI or NCT WI is dual connectivity and its feasibility and benefits. As the HetNet Mobility work item is expected to start developing mobility enhancements e.g. for co-channel small cell and macro cell deployments and even inter-frequency mobility solutions (including CA) for HetNet deployment scenarios, we would see that one of the first focus areas for small cell mobility studies could be dual connectivity. Once the specification work in the HetNet Mobility WI progresses a bit further RAN2 could also investigate under the small cell SI whether any further mobility enhancements on small cell area are still needed e.g. in co-channel scenario. We believe that this type of phasing of the work would help in avoiding continuous overlap between the HetNet Mobility enhancement WI and the small cell enhancement SI work and studies.

Proposal 2: Coordinate work between small cell enhancements studies and HetNet Mobility Enhancement WI and therefore initially on small cell mobility studies focus on feasibility studies of dual connectivity and different dual connectivity options.
The New Carrier Type WI has two phases inside one WI. In the first phase new carrier type is developed for Scell operations i.e. for the cases where New Carrier Type (NCT) is aggregated with legacy Pcell. Then in the second phase investigations for potential further enhancements are done to see whether NCT could also be extended further even for stand-alone operations. It is our understanding that especially the work done in the first phase is targeted to be generic both for macro, HetNet and even small cell deployments whereas the second phase work may be more targeted to new deployment scenarios like enhanced small cells as some non-backwards compatible changes may be made to the physical layer and at the same time NCT may be used for stand-alone (PCell) operations. We see that it is important to coordinate the small cell mobility studies and especially NCT second phase work very carefully in order to ensure working overall small cell and NCT concept and enhancements. As RAN1 is still working of the first phase of NCT WI, it will take a moment before any decisions for the second phase of the NCT WI is available from RAN1 to RAN2 work. Therefore, we would propose that some phasing on this area would also be considered in the small cell mobility studies in RAN2. In this way we could better be able to avoid doing the same studies twice due to changing physical layer assumptions and design. 

Proposal 3: Coordinate work between small cell enhancement studies and NCT WI in order to ensure aligned small cell concept and enhancements. 
Additionally in the SI for small cell enhancements provides a consideration about how to evaluate possible gains and improvements that can be achieved with introduction of small cells:
The benefits of allowing high speed UE in small cells should be evaluated e.g. UE throughput gain, improved robustness of mobility, improved UE power efficiency, and up to which speed offloading is beneficial. Other topics e.g. how UE speed can be estimated in small cells can also be treated in succeeding study items of small cell enhancements.

Real-time services should be supported in small cell enhancement. The impact of mobility between small cell nodes and between small cell and overlaid macro nodes on quality (e.g. interruption time, packet loss) should be less than or equal to that provided by 3GPP Release 10/11 E-UTRA/E-UTRAN.

Small cell enhancement should consider techniques and mechanisms to reduce C-plane/U-plane latency and packet loss during mobility between macro cell nodes and small cell nodes, as well as between small cell nodes compared to 3GPP Release 10/11 E-UTRA/E-UTRAN. 
As a baseline for the studies we see that mobility KPIs as defined in TR 36.839 are expected to be feasible baseline for the small cell mobility enhancements SI as well. We propose these KPIs be the starting point, and some additional KPIs could be considered for the SI, such as number of RRC reconfigurations (e.g. number of handovers per UE per hour). Any KPIs could be monitored separately per cell layer due to their quite different characteristics. This would enable us to later decide where we have the most signaling overhead, and therefore could benefit from potential enhancements.

Proposal 4: Use TR 36.839 defined KPIs as baseline for small cell studies enhancements evaluations – KPIs should be evaluated per each cell layer. 
3. 
Conclusions and Proposals

In this paper we analyzed existing SI for small cells and it’s relation to existing mobility related WIs and possible linkage that there may exist. 
Proposal 1: In the small cell mobility studies focus on ensuring enhanced small cell performance including mobility enhancements for serving UEs with moderate UE speeds (up to 30 km/h) with enhanced small cell nodes and ensuring robustness mobility by e.g. mechanisms and enhancements for keeping high speed UEs in macro cells and macro cell frequency layers rather than serving high speed UEs with enhanced small cell nodes.
Proposal 2: Coordinate work between small cell enhancements studies and HetNet Mobility Enhancement WI and therefore initially on small cell mobility studies focus on feasibility studies of dual connectivity and different dual connectivity options.
Proposal 3: Coordinate work between small cell enhancement studies and NCT WI in order to ensure aligned small cell concept and enhancements. 
Proposal 4: Use TR 36.839 defined KPIs as baseline for small cell studies enhancements evaluations – KPIs should be evaluated per each cell layer. 
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