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1. Introduction
In RAN Plenary #58, a new study item targeting the study of small cells was introduced targeting the evaluation of benefits of dual cell connectivity and RRM and mobility procedures. According to the work plan [4], one of the first tasks and objectives of RAN2 is to identify the feasible scenarios and benefits of UEs having dual connectivity to macro and small cell layers.  

In this contribution we summarize the potential small cell scenarios and propose initial scenario for evaluation of problem (including simulations), and the metrics that will be used to study the issues. 
2. Scenarios
As discussed in [1], there are several dimensions in which small cell deployments may be broken down including in-coverage/out-of-coverage, dense/sparse, indoor/outdoor, ideal/non-ideal backhaul, synchronized or not, etc. Table 1 shows some of the potential deployment scenarios for small cell deployments. Nodes in Blue are macro nodes using F1 frequency and nodes in orange are small cell sites using F2 frequency. 
Table 1 Small cell deployment scenarios (F2 > F1).
	#
	Description
	Example

	1
	Outdoor with Macro Coverage (Sparse)
· F1 provides macro coverage and on F2 small cells are used to provide throughput at hot spots.

· Mobility is performed based on F1 coverage.

· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.

· It is expected that F2 cells can be aggregated with the underlying F1 macro cells.
· Low (0 - 3km/h), medium and high UE speed (up to 30km/h and potentially higher speeds) are targeted. 
· Both throughput and mobility/connectivity shall be used as performance metric for mobility.
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	2
	Outdoor without Macro Coverage (Sparse/Dense)
· F1 provides macro coverage and on F2 small cells are used to provide throughput at coverage holes outside F1 coverage.

· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.
· Low (0 - 3km/h), medium and high UE speed (up to 30km/h and potentially higher speeds) are targeted. 
· Both throughput and mobility/connectivity shall be used as performance metric for mobility.
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	3
	Indoor without Macro Coverage (Sparse/Dense)
· F1 provides macro coverage and on F2 small cells are used to provide throughput at indoor coverage holes.
· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.
· Only low UE speed (0 – 3 km/h) is targeted
· Both throughput and mobility/connectivity shall be used as performance metric.
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	4
	Indoor with Macro Coverage (Sparse/Dense)
· F1 provides macro coverage and on F2 small cells are used to provide throughput at indoor coverage holes.
· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.
· Only low UE speed (0 – 3 km/h) is targeted
· It is expected that F2 cells can be aggregated with the underlying F1 macro cells.
· Only low UE speed (0 – 3 km/h) is targeted
· Both throughput and mobility/connectivity shall be used as performance metric.
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	5
	 Outdoor Dense Small Cells with Macro Coverage 
· F1 provides macro coverage and on F2 small cells are used to provide throughput at hot spots.

· Mobility is performed based on F1 coverage.

· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.

· It is expected that F2 cells can be aggregated with the underlying F1 macro cells.
· Low (0 - 3km/h), medium and high UE speed (up to 30km/h and potentially higher speeds) are targeted. 
· Both throughput and mobility/connectivity shall be used as performance metric for mobility.
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Note that though we illustrate the scenarios with F1 different than F2, the analysis of each scenario will consider both co-channel and non co-channel deployments.
3. Analysis 

In existing heterogeneous deployments, one of the key issues is the increased number of handovers as the UE moves in and out of small cell coverage. An alternative to improve mobility performance in small cell deployments could be to employ Dual-connectivity. 
Dual connectivity refers to a system where a macro eNB maintain some form of control plane control over the UE’s connection (either over the macro cell or through the small cell layer or both). Dual-connectivity allows the UE to move within the small cell layer, i.e. from one small cell to another small cell under the same macro coverage without performing RRC handover procedures, thus it can be used optimize mobility performance in small cell deployments. 
Observation 1: Improving mobility performance in small cell networks is a key benefit of Dual connectivity.

In order to understand which of these scenarios should be in focus for evaluating the mobility benefit of dual connectivity feature we have briefly analyzed and made some observations on each scenario.
Scenario 1 refers to a sparse deployment of small cells.  From simulations performed for Hetnet Mobility [3], the mobility advantage for sparse (1-2 pico-cells per macro cell) deployment was not very obvious. At speeds upto 60 km/hr, the HOFs and ping-pong rate for 1 & 2 pico-cells density macro cell deployments is very low and very close to macro cell-edge performance. Therefore, these scenarios should not be the target of small cell dual connectivity enhancements.

For Scenarios 2 and 3 the key observation is that when the UE is not in coverage of both layers, it may be difficult to achieve dual connectivity to these layers as according to radio conditions it can only access one such node at a time. 
Additionally, since out-of-coverage scenarios were part of Release-11 HetNet Mobility study item [3] and solutions are going be discussed in Release-12 time-frame, mobility issues with out-of-coverage scenarios (sparse or dense), may be handled under the HetNet mobility work item. 

In our understanding, one clear requirement for indoor scenarios (Scenario 4) is only low speed UEs need to be supported. As observed in the HetNet mobility study [3], for low mobility UEs no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified)[3].:
	· The UE speed has a significant impact on the HO performance. The trend of simulation results indicated that high speed UEs suffer much higher HO failure rate than low speed UEs.

· For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified).


Thus, indoor deployments may not be most suitable to evaluate key benefits of dual-connectivity features. Nonetheless, in dense deployments other benefits such as aggregation, minimization of UE context transfer and signalling to core network may still be analyzed.  
For Scenario 5 (Outdoor in-coverage with Dense Small cells) , low, medium and high UE speeds need to be supported [1]. When the UE is in coverage of both the macro and the small cell nodes, it could maintain connection with both layers. Maintaining a control plane connection with the macro layer while moving in and out of small cell nodes would improve the user experience by reduced data interruptions, handover failures and radio link failures. By employing dual-connectivity, the impact of small cells mobility for the UE is simply reconfiguration of small cell carrier and temporary redirection of traffic via the macro layer. 

Additionally, depending on architecture, the macro eNB may hide mobility events e.g. S1/X2 HO from the core network and/or minimize handover-related interruptions due to change of serving cell at the small cell layer. 

Observation 2: For Scenario 5, dual connectivity is a promising solution to improve mobility performance. Depending on architecture; it may also lead to reduced UE context transfer/CN signalling.
Proposal 1: Agree that “Outdoor Dense Small Cells with Macro Coverage” is the key scenario for further evaluation of “dual-connectivity” feature.
Both throughput and mobility should be used as performance metrics to evaluate this scenario [1]. For throughput, both system and end-user throughput may be considered for evaluation. For mobility, we should re-use metrics to the HetNet Mobility Study [3], for e.g. Handover Failure Rate, Radio Link Failure and Ping-pong rates.  An initial evaluation should evaluate possible differences in throughput and HOF/RLF/ping-pong rates when operating in a dense small cell layer only and when being additionally connected to a macro layer using dual connectivity. Assumptions and modelling of dual connectivity is further discussed in [5].
Proposal 2: Agree that throughput (system and end-user) and mobility (including HOF, RLF and ToS) metrics can be used for evaluation of “dual-connectivity” feature. 
In terms of spectrum, the Scenario 5 can be feasible with both co-channel and not co-channel deployments, but since the primary interest is in non co-channel deployments and given interference issues may need to be considered in co-channel dense deployment cases it would be easier to prioritize non co-channel deployments initially.
4. Conclusion

It is proposed that initial evaluations for dual connectivity be performed for the scenario identified, using the HOF/RLF modeling from the HetNet study [3] and assuming legacy mobility methods. An initial evaluation should evaluate possible differences in throughput and in HOF/RLF rates when operating in a dense small cell layer only and when being additionally connected to a macro layer using dual connectivity.

Proposal 1: Agree that “Outdoor Dense Small Cells with Macro Coverage” is the key scenario for further evaluation of “dual-connectivity” feature.
Proposal 2: Agree that throughput (system and end-user) and mobility (including HOF, RLF and ToS) metrics can be used for evaluation of “dual-connectivity” feature. 
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