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1 Introduction 

Study on Energy Saving Enhancement for E-UTRAN RP-122035 [1] was approved at TSG RAN#58 to investigate various proposals for saving energy in LTE-Advanced networks with minimal impacts to related nodes and user experience. A detailed evaluation of solutions documented in TR 36.887 [2], and way forward based on QoS information exchange preceding energy saving process initiation was proposed in R3-132157 [3], and description of differentiated energy saving using QoS information from EPC was proposed in R3-132367 [4]. In this contribution, we evaluate the need for quality of service information exchange for enabling energy savings.
2 Discussion
2.1 General Consideration
In this section, we present some general considerations to be taken into account as part of the study. Currently there are various solutions documented in TR 36.887 [2], which tackles various issues identified as part of the study. Mainly scenarios are classified into four scenarios depending on the energy saving actions involved. This contribution mainly concentrates on the inter-eNB scenario which mainly involves energy saving actions related to switching ON/OFF capacity booster cells, deployed within the coverage of a macro cell, as shown in Figure 1.
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Figure 1: Inter-eNB Energy Saving Scenario TR 36.887 [2].
In this paper we consider the impact of UE load on energy consumption, and the need for QoS information exchange for eNBs to make energy saving decisions effectively. If we consider the scenario as shown in Figure 1, with a uniform distribution of users, the load caused by UEs to the small cells could be much lower than that to the macro cell. Due to this factor, the macro cell or coverage cell can take an effective energy saving decision only if it can estimate the potential load caused by handing over UEs to or from capacity booster cells. This is necessary to understand whether the energy saving action can actually lead to energy savings, or would simply increase the energy consumption in the network.
2.2 Evaluation

We consider a scenario as shown in Figure 2 with energy saving (ES) cells randomly deployed within the coverage footprint of the overlaid compensation (CS) cell. We assume that during energy saving action, ES cell sends some information to CS cell to enter dormant state. Here we evaluate whether this could be the load information or any other information that could potentially be useful for the CS to make energy saving decisions.
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Figure 2: Considered Simulation Environment
[image: image3.png]CDF

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

—+—Macro Load
-=Pico Load

1 1
0.03 0.04
eNB Load / Users, p

0.05

0.06

0.07




Figure 3: Distribution of load for overlaid (macro) eNB and energy saving (pico) eNB.
For evaluating this, we consider the load caused by randomly located UEs engaged in GBR traffic. The CDF of the load caused by such UEs that fall within the coverage area of ES cells for 256 kbps GBR traffic is as shown in Figure 3. From the figure, we can observe that the load caused by UEs to CS/macro cell is much higher compared to the potential load caused to the ES/pico cell. This is mainly due to the low coverage footprint of the ES cells necessitating UEs within its coverage area to be in its close physical proximity. Due to this factor, a UE causes much lesser load towards ES cell as compared to CS/macro cell (having a large coverage area and a higher transmit power) for the same data rate.

In such a scenario, when UEs are handed over to macro/CS cells, this could lead to an increase in power consumption of the network. This is due to the fact that, an increase in macro eNB transmit power could lead to higher power consumption as compared to the energy savings that can be achieved by switching of a capacity booster cell. The mean load caused by UEs connected to macro and pico/ES cells are as shown in Figure 4. As we can observe from the figure, the mean load caused by UEs within coverage footprint of ES cells are also (~45 %) higher than that caused to the ES cells. This would also mean, if a significant number of UEs are handed over to the CS cells, this would lead to increase in load, which in turn leads to increase in power consumption.
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Figure 4: Mean load for overlaid (macro) eNB and energy saving (pico) eNB.

From the evaluations done above, we can conclude that exchanging load information is not an accurate means of enabling energy saving decisions. The only way in which CS and ES cells can reliably estimate their potential load and energy saving gains is by exchanging of the QoS information of the UEs. This could be done using currently defined IEs, based on QoS parameters received from the core network as proposed in R3-132367 [4]. Based on this information, eNBs can decide the energy saving action in an implementation specific manner.
The implementation specific manner for CS cells taking energy saving decisions could be based on approximate location knowledge of the ES cells and estimating the potential load increase, based on the QoS information received from the ES cells. For ES cells taking energy saving decisions (while coming out of ES state), this information could be used to decide the mode of activation for e.g., whether to be fully active on all resources or use only a subset of resources, etc. Thus this information exchange is important for taking decisions, even if threshold values for entering/leaving ES state can be pre-configured in a semi-static manner by the OAM. So, the ES cell, before transitioning to ES state, could inform the coverage CS cell regarding the QoS information of UEs within its coverage footprint. CS cell, with support from OAM configurations could estimate the potential increase in load these UEs would cause. This would for e.g. depend on the GBR and non-GBR bearer information from the ES cell. Network operator could configure, using OAM, which bearers should be prioritized and which could be dropped, and also provide estimates of potential load increase due to handover of these bearers from the ES cell. This could be done in an implementation specific manner, using the neighbor relation information in the eNB for estimating the potential energy saving gains due to the switching off of the ES cell. While load information sharing would give wrong information to the CS cell, the QoS information sharing, as described above, provides enough information to the CS cell for taking informed energy saving decisions.
2.3 Analysis

The impact of load on eNBs is analyzed and presented in R3-130669 [5] and R3-130973 [6], where it was shown that increase in load leads to significant increase in the power consumption, especially for macro eNBs due to higher transmit power values. Thus, for taking effective energy saving decisions, estimating the possible impacts on load is essential. For e.g., for an ES cell trying to switch off due to low own-cell load, should be able to communicate information in such a way that the overlaid CS cell can estimate the potential increase in load due to handover of UEs from the ES cell. The same principle is applicable for ES cells being activated as well.
As the evaluation done in the previous section shows, exchanging load information in this case is not useful, since the load caused to the ES cell would be completely different from the load caused to the overlaid CS cell. This would also mean that exchanging such information could also lead to an incorrect energy saving decision being made, due to under or over-estimation of potential load caused by UEs within the coverage footprint of ES cells. Alternatively, it is also proposed to share the subscription profile of the UE for making energy saving decisions in TR 36.887 [2]. While this information could be useful in deciding the priority of the user, the impact of such information on energy savings could be minimal, since this depends only of the energy saved by offloading or not offloading UEs to ES cells. Based on the evaluations done in this contribution, we make the following proposal:
Proposal 1: RAN3 is respectfully requested to agree that QoS information exchange is important to enable energy saving decisions.

Proposal 2: RAN3 is respectfully requested to agree on studying further and standardizing the QoS information exchange solution.
3 Conclusion and Proposals

Based on the evaluations done in this contribution, it can be concluded that, for enabling energy savings by optimizing the load of the overlaid cell, as well as activating/deactivating ES cells, exchange of QoS information is important. While the use of such information could be left to eNB implementation, the means for exchanging this information needs to be standardized. The following proposals are made:

Proposal 1: RAN3 is respectfully requested to agree that QoS information exchange is important to enable energy saving decisions.

Proposal 2: RAN3 is respectfully requested to agree on studying further and standardizing the QoS information exchange solution.
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5 Appendix

The simulation parameters used in this contribution is based on the values in A. Prasad et al. [7]. The load caused to serving cell is estimated by calculating the amount of resource blocks that are consumed for delivering the required traffic rate. Detailed evaluations and related equations used for estimating can also be found in the publication. Here we have considered GBR traffic since it requires resource reservation during the time of handover and could lead to significant increase in load, depending on the traffic characteristics.
Table 1: System level simulation parameters A. Prasad et al. [7].
	Macro Cell Inter-Site Distance
	500 m

	Shadowing Standard Deviation
	Macro – 8 dB

Pico – 10 dB

	Spectrum Allocation
	Macro and Pico – 10 MHz

	Transmit Power
	Macro – 46 dBm

Pico – 30 dBm

	GBR Traffic
	256 kbps

	Min. Pico-to-Pico Distance
	60 m

	Min. Macro-to-Pico Distance
	175 m

	No. of UEs
	50 UEs / macro cell, uniformly distributed

	Spectral Efficiency, Seff
	4.0

	No. of RBs, NRB
	50

	PRB size, RBs
	180 kHz

	No. of Pico Cells
	4 picos / macro cell
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