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1 Introduction 

In this paper we discuss a problem that possibly addresses the energy saving (ES) objective for E-UTRAN systems currently being studied in RP-122035[1]. We further enhance the discussion done in R3-130136[2] with simulation results to highlight the impacts on energy consumption and traffic offloading.
2 Discussion
2.1 Scenario and Problem Description
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Figure 0: Considered scenario with compensation (CS) and energy saving (ES) cell with overlapping coverage.
The scenario with compensation cell and energy saving cell having overlapping coverage is as shown in Figure 0. In the energy savings enhancements for E-UTRAN study item, one of the objectives is to evaluate possible inter-eNB energy savings enhancement taking UE QoS requirements into account. Currently, consideration for activation of cells is based mainly on load indicators and the QoS requirements are not taken into account. For the scenario where a UE enters the coverage area of a deactivated eNB the decision whether to activate or not does not currently take into account the user data traffic, service requests involved or the possible need for offloading from the serving or coverage cell. Also, regarding cell switching ON enhancements, currently it is not possible to ensure whether the energy saving cell can handle the QoS requirements of the UE before it is switched ON and handover procedure is initiated. This is deemed suboptimal from an energy efficiency perspective as well as from OPEX perspective. Unnecessary activation of eNBs would lead to increase in interference to other eNBs with overlapping coverage area as well.
Before deactivating or switching OFF a cell, first handover procedure is initiated by ES cell to handover the UE to CS cell. Once all the UEs have been handed over to CS cells, the ES cell enters dormant state. As discussed in R3-130054[3] and several other papers, the current handover and admission control mechanisms could handle avoiding of QoS degradation during the handover procedure before cell switch OFF. 
Proposal-1: RAN3 is respectfully requested to consider further studying energy saving enhancements which take UE QoS requirements into account before switching ON an energy saving cell.
2.2 Possible Enhancement
Consider the following scenario shown in Figure 1. Here the coverage cell is overloaded with traffic with UE making voice calls or other data transfer which does not consume significant amount of radio resources within the coverage footprint of the deactivated eNB. According to the cell activation procedure defined in 36.300[5] and solutions listed in 36.927[6], in order to alleviate the load in the coverage cell, deactivated eNB will be activated by using cell activation procedure. But for this scenario, initiating the cell activation procedure will not alleviate the load conditions in coverage cell. Since the UEs within the coverage footprint of the deactivated eNB are consuming an insignificant amount of resources from the coverage cell, offloading them will not improve the overall QoS of the cell. If the deactivated eNB is deployed in a different frequency layer, this would cause additional signaling load for configuring measurement gaps as defined in 36.133[4] for the UE in order to initiate measurements for handover as well.
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Figure 1: QoS Based Energy Savings Enhancement – Scenario 1.
Consider scenario 2 shown in Figure 2, with an overloaded coverage cell as in previous scenario. But here there are UEs within coverage footprint of deactivated eNB which is engaged in data transfer involving large amounts of data consuming significant amount of resources from the coverage cell. Here initiating cell activation procedure defined in 36.300 [5] to activate the deactivated eNB will enable offloading from the coverage cell, thereby freeing resources for other UEs.
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Figure 2: QoS Based Energy Savings Enhancement – Scenario 2.
Proposal 2: It is proposed to consider the discussion of a possible enhancement considering the QoS requirements of the UE and the traffic offloading potential before switching ON an ES cell, as described in section 2.2.
2.3 Simulation Results and Observations
In this section, we evaluate the scenario shown in Figure 0 with a varying number of voice and data users, uniformly distributed across the scenario. We implement the possible enhancement considered in Section 2.2 into the simulated environment and evaluate the potential energy savings and related user throughput impacts. Detailed simulation parameters are as mentioned in the Appendix. 
As a baseline, we consider the currently defined Release-11 standards as the state-of-the-art cell activation mechanism where the cell activation request is sent to ES cell based on the load conditions of the coverage cell. Here we vary the number of data users in the system and compare the power consumed by the enhancement considered in proposal 2 normalized to the power consumed using Rel-11cell activation mechanism. The result for power consumption using the enhanced scheme is as shown in Figure 3. We can observe that we can save from 4 % (for 90 % data users’ case) to 100 % (for 0 % data users’ case) in terms of power consumption. The results show that the proposed enhancement is flexible enough to dynamically adapt to the varying load conditions of the overlapping coverage cell.
The throughput impact of the evaluated scheme is as shown in Figure 4. From the mean macro data user throughput figures, we can observe that there is no significant impact on the user throughput performance due to the scheme. There is a slight degradation of 2.5 % for 10 % data users’ case and 0.2 % for 90 % data users’ case. The reason for the slight throughput degradation is due to the fact that the traffic from some voice/low-data users is not offloaded to the small cells, causing slightly higher load in the CS cell. From the simulation results, we can conclude that the proposed enhancement can be implemented in a network with minimal impacts on throughput performance, at the same time giving significant benefits in terms of power savings. For co-channel deployment of small cells, the power savings also correspond to lowering of the overall interference level in the network, which could further degrade the throughput performance of the users.
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Figure 3: Normalized power consumption for currently defined mechanism and QoS based cell switch on enhancement.
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Figure 4: Throughput results for Macro and Pico Data Users.
Proposal 3: It is proposed to consider the energy savings and related QoS impacts of solutions as a key performance criterion in the TR, if a TR will be created.
3 Conclusion and Proposals
In this contribution we discuss a scenario in which there is a possibility of achieving energy savings where eNB activation/deactivation takes UE QoS requirements also into account. Based on the analysis done and simulation results presented, it is proposed to consider possible enhancements which take this factor into account. The scenario should be discussed in RAN3 first and decided if it is problem and if any solution should be developed to solve it.

Proposal-1: RAN3 is respectfully requested to consider further studying energy saving enhancements which take UE QoS requirements into account before switching ON an energy saving cell.

Proposal 2: It is proposed to kindly consider the discussion of a possible enhancement considering the QoS requirements of the UE and the traffic offloading potential before switching ON an ES cell, as described in section 2.2.
Proposal 3: It is proposed to consider the energy savings and related QoS impacts of solutions as a key performance criterion in the TR, if a TR will be created.
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5 Appendix
We consider a heterogeneous network with 7 macro eNBs with 500 m Inter-Site Distance (ISD), having 6 picos/eNB . The minimum Macro-to-Pico distance is 175 m and minimum Inter-Pico distance is 60 m. Path loss based cell selection for ES cells was used. 50 Users/Site were dropped uniformly in each eNB and 168 Iterations of 1 hour each were run (24 hrs x 7 days). Mainly two types of users were defined: Data Users (use full-buffer traffic and use all resources allocated for sending data) and Voice Users (use 64 kbps fixed data rate, using GBR dedicated bearers). The proximity of UEs to ES cells was detected using probing feature considered in 36.133 [4] and using the path loss measurements of the measured signal. Energy consumption was considered based on the power consumed by the cells which were activated. Macro eNB had a bandwidth of 20 MHz and pico ES cells with 10 MHz. The percentage of data users varied from 0 % (all users are voice users) to 100 %. Using ‘QoS Based Switch ON’, only those ES cells which had data users in its proximity were activated.
