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1 Introduction

Dual connectivity of a UE to the macro and small cell layer is one potential scenario for evaluation as part of the Rel-12 small cell enhancements study item [1]. Potential benefits of the introduction of dual connectivity have been discussed including mobility improvements, addressing downlink/uplink (DL/UL) imbalance in heterogeneous network deployments, and improved resource utilization even with non-ideal backhaul between nodes.  
This contribution presents initial evaluation results for the various small cell deployment scenarios in [2] with an emphasis on understanding the potential challenge of DL/UL imbalance and the feasibility for dual connectivity operation to address it. 
2 DL/UL imbalance
One of the well-known challenges of heterogeneous network deployments is that due to differences in transmit power and deployment topologies, UEs may associate to a node that provides the best DL connection (in terms of received power), while the best UL connection (from at least a pathloss perspective) is to a different node in the network. 
In the context of prior HetNet studies, one solution reverses this situation by introducing cell range extension (CRE) bias, which allows for offloading of more users to the small cells, which typically are the better UL choice for UEs dropped in hotspot zones, due to the lower pathloss. As a result, tradeoffs exist between the different approaches for associating users between the nodes in the DL/UL imbalance region.
The small cell enhancement SI introduced small cell deployments on the same or different frequency band as the macro cells as well as densely clustered layouts, raising the issue of whether DL/UL imbalance is a serious challenge to be revisited. The following analysis endeavors to characterize the DL/UL imbalance region of these new topologies.
2.1 Co-channel small cell deployments 

First, we consider Scenario #1 in [3], a co-channel small cell deployment with two clusters per macro cell area, and 4 small cells per cluster. Due to the cell association strategy for a given value of CRE bias, there will be a percentage of users within the UL imbalance region who are connected to the stronger DL cell (in this case the macro) instead of the preferred UL serving cell (the small cell). The difference in pathloss between the two cells can characterize the size of the region, while user association statistics capture the percentage of UEs potentially within the region. For the given scenario, Figure 1 provides the CDF of the difference between the macro and small cell pathloss observed by UEs in the CRE region (those who should be served by the macro, but were biased to the small cell). Table 1 provides the corresponding user association percentages. 
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Figure 1. Scenario #1 UL imbalance region as a function of CRE bias

Table 1. Scenario #1 user association statistics as a function of CRE bias

	CRE Bias 

(dB)
	Small cell association 

Percentage
	Percentage of UEs 

in CRE region

	0
	30.0%
	0.0%

	3
	35.0%
	5.0%

	6
	41.0%
	10.%

	9
	47.0%
	15.%

	12
	55.0%
	24.0%

	16
	63.0%
	30.0%


For example at 16 dB bias, there are no longer any users who have a UL imbalance, all the users with PL(small cell) < PL(macro) are associated with the small cells. From Table 1, we see that this corresponds to 30% of the UEs in total. However, based on Rel-11 eICIC techniques, at a practical value of 9 dB bias, the UL imbalance region is still {7 dB-0dB}. In other words, the UL imbalance is only corrected down to a 7dB difference in pathloss between the cells, which corresponds to 15% of all UEs belonging to the UL-imbalance region.
In prior studies, the use of eICIC techniques such as almost blank subframes was shown to mitigate macro cell interference and the resulting SINR degradation and DL imbalance in the CRE region. However, as discussed in further details in another contribution, it is not clear if such techniques will be as effective in the new deployment scenarios where intra-cluster interference makes up a significant portion of the overall inter-cell interference in the network [4]. 

2.2 Non-co-channel deployments
Scenario #2a considers the same outdoor small cell deployment topologies as Scenario #1, however the small cells are on a different carrier (3.5GHz for example) than the macro cells. In the context of DL/UL imbalance and dual connectivity, a similar analysis based on the pathloss may be obtained. However, the use of interference aware association based on RSRQ and the dynamics of the interference on different layers may result in challenges for biasing based techniques in fully addressing all UEs in the DL/UL imbalance regions. 

In Scenario #2b, small cells are deployed indoors with a regular layout. The building penetration loss may reduce the number of outdoor UEs with UL imbalance, while the number of indoor users in the same building as the small cell with DL imbalance may also be reduced. 
Further evaluations are needed to better understand the extent that DL/UL imbalance is a challenge for these new topologies. In addition to analysis of the feasibility of any potential solution, performance evaluations should attempt to characterize the percentage of UEs that may potentially benefit from such an operation in a given deployment scenario.  
3 Dual connectivity design considerations
We would like to note that potential solutions for DL/UL imbalance issues should not just provide a mechanism for providing optimal user association, but must also consider the overall design and architecture of such a solution, including backhaul constraints as well as the underlying protocol complexity. Also, since dual connectivity is proposed to provide additional benefits for mobility and throughput enhancement, it is not yet clear how much weight to give to different challenges and their corresponding solutions. Different tradeoffs may only become evident as part of the evaluation phase. Therefore, it is recommended that RAN1 take into account potential implications on the feasibility of dual connectivity approaches based on related ongoing discussions in relevant working groups such as RAN2.

4 Conclusion
This contribution discussed the issue of DL/UL imbalance in the different scenarios considered for the evaluation of techniques for small cell enhancements such as dual-connectivity. Based on preliminary evaluation results, the following general observations were made:
Observations

1. The extent of potential DL/UL imbalance challenges in a given scenario may be analyzed as a function of the small cell topology as well as whether the small cells are deployed as co-channel or non-co-channel with the macro cell layer.

2. Evaluations of dual connectivity operations which may address potential DL/UL imbalance challenges should characterize the size of DL/UL imbalance region as well as the percentage of UEs who may potentially benefit from such operations

3. It is recommended that RAN1 take into account potential implications on the feasibility of dual connectivity approaches based on related ongoing discussions in relevant working groups such as RAN2.
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