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Discussion
1. Introduction
In RAN#58, the study item on higher layer aspects of Small Cell Enhancements (SCE) was approved [1] and scenarios and requirements are captured in [2]. While the status of the study is still ongoing and it is too early to discuss the details of the possible solutions, most of the discussions revolved around the pros and cons of dual connectivity feature. During RAN2#81b, the UL/DL power imbalance was discussed in [3], [4] and [4], with various challenges discussed during the email discussion summarized in [6]. In [3], the power imbalance problem is discussed and the possible shortcomings of eICIC and FeICIC from a system capacity performance are presented. Using simulations, it was shown that for cell-edge users, 205 % and 59 % throughput gains are achievable at low and medium load conditions respectively. Various architecture alternatives are considered in the paper as well.
In [4], the possible UL/DL traffic split and related complexities are discussed from architecture as well as from the physical layer perspective. In [5], the possibility of a ‘dual connectivity region’ which could extend beyond the currently defined CRE region which limits the range of eICIC and FeICIC mechanisms is presented. The possible energy savings from UE perspective due to having dual connectivity is also presented. It was also discussed that further study could be done on the possible gains from selecting the operating point for UL independent of DL. It is concluded in [7] that it is FFS whether UL/DL power imbalance and the resulting UL throughput or capacity degradation is a challenge addressed in this study specifically for scenario 1.
In this contribution, we study the UL performance of the system, if dual connectivity is applied in the Scenario 1 agreed for this SI with UL/DL traffic split over macro and small cells using a varying DL switching point for small cell selection.
2. Discussion
2.1
Addressed Problem
The main discussion in the contributions presented in RAN2#81b were regarding improvement in throughput for cell-edge users using UL/DL split to overcome the power imbalance problem. It was concluded in [4] that gains for cell-edge users can be achieved only at the cost of network throughput. The simulation results in [3] consider the cell-edge and mean user throughput gains for both intra-frequency (co-channel deployment) and inter-frequency deployments for low and medium-load conditions. The gains for fully-loaded systems have not yet been evaluated, making the study of such a scenario relevant and important. The architecture alternative considered in [3], having PDSCH and PDCCH with small eNB would either necessitate the use of currently defined eICIC/FeICIC techniques or limit the region where dual connectivity is possible using UL/DL split. Also, the gains from having a ‘dual connectivity region’ which goes beyond the conventional cell boundaries, especially in a TDD system with flexible UL/DL switching points needs to be evaluated.
2.2
Simulation Results
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Figure 1: Dual connectivity scenario considered in [6].
In this section, we consider the scenario shown in Figure 1 for further evaluation. During the discussions summarized in [8], companies have pointed out the limitations of CRE region with practically feasibly cell selection offset (CSO) of 9 dB. But the main focus of this contribution is to evaluate the gains of having an UL/DL split. Using system level simulations using parameters mentioned in the Appendix section, we evaluate the potential gains of having dual connectivity by comparing the gains that could be obtained by extending the CRE region. The gains are compared in terms of mean user throughput as well as 10th percentile cell-edge throughput in UL. Using a variable cell selection points using DL power levels, we compare the gains that can be achieved using UL/DL split of traffic between macro and small cells at these cell selection points.
Evaluations were done using a dynamic system level simulator calibrated to HetNet Mobility studies, results of which were presented in [9]. The simulation results are as shown in Figure 2. From the figure, we can observe that with power difference of macro/pic DL, the cell edge UL throughput increases over 240 % as compared to baseline scenario with more than 20 % improvement in mean user throughput. From the evaluations, the benefits of having such an alternative are evaluated and related gains are quantified. Since full buffer conditions are simulated, the results indicate the minimum gains that could be obtained for scenarios where the range of small cells extends beyond the currently defined and considered ones.
Among the various architecture alternatives considered being considered in the study, the type of the system to which they are applicable for (FDD/TDD) are not currently discussed. The entire gains of having such a flexible connectivity solution could be utilized in a TDD system having a flexible switching point for UL and DL, in order to enable better utilization of system resources. There was essentially no impact on DL throughput using such a mechanism, since UE is connected to the strongest cell in DL (macro cell in this case) using the UL/DL split enhancement.
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Figure 2: UL Throughput improvement for variable Cell Selection points [%].

From the results shown in [5], the ‘dual connectivity region’ is shown to offer considerable benefits from UEs perspective in terms of energy savings. In this section, we evaluate the gains in terms of system throughput performance from an UL perspective. The DL throughput performance essentially remains un-affected using this feature, since DL boundaries are assumed to remain the same.

Proposal: RAN2 is respectfully requested to discuss and study further the UL/DL split feature.

3. Summary
In this contribution, the use of dual connectivity at regions beyond currently considered ones are evaluated considering UL/DL split of user traffic and related gains in terms of system performance is quantified. Based on the evaluations, it is proposed to discuss and study the UL/DL split further. Further evaluations could be done in terms of system performance gains in a TDD system using dual connectivity, and with the use of flexible DL/UL switching points to enable better system resource utilization. Based on the evaluations, the following proposal is made.
Proposal: RAN2 is respectfully requested to discuss and study further the UL/DL split feature.
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Appendix: Simulation Assumptions
Evaluations were done using a dynamic system level simulator, detailed parameters and calibration results of which were presented in [9]. The detailed parameters used for simulation is as shown in Table 1, mostly in line with the parameters defined in [10, 11].
Table 1: System Level Simulation Parameters.
	Parameter
	Values Used for Evaluation

	Scenario
	Multi-tier hexagonal deployment

	Deployment
	According to HetNet SI calibration deployment [10, 11], i.e. 1 pico per cell

	System and Carrier Bandwidth
	10MHz

	eNB Antenna Model
	ITU (3D);Directive antenna @macro, omni @pico

	Network Synchronization
	Macro and small cells are assumed to be synchronized

	UE Distribution
	Uniform, outdoors

	Traffic Model
	Full buffer

	Antenna Configurations
	2 x 1

	Transmit powers (Macro / Pico)
	46 dBm / 30 dBm

	Cell selection
	RSRP

	Scheduling
	PF

	Channel estimation
	Perfect channel estimation is assumed

	Link adaptation
	Perfect link adaptation is assumed



