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1 Introduction

The Intra-LTE energy saving scenarios and possible solutions for LTE overlaid coverage were discussed in RAN3#79bis meeting. NEC has provided evaluation results to prove the efficiency of the proposed solution [1]. Sharing the similar spirit, in this paper we discuss further why ES enhancement is required when taking into account of users’ QoS requirements with evaluation results. A simple solution is also provided with potential issues for further investigation in RAN3. 
2 Discussion
It is understood in the identified scenario for inter-eNB energy saving enhancement for overlaid scenario [3] different cells may offer different QoS and the QoS requirements of the UEs may be considered when switching on/off the capacity booster cell(s). 
The estimated gain and feasibility of general energy saving approaches can be seen based on the simulation results in [4]. In the following discussion the cell coverage measured by throughput is analysed under the impacts of antenna tilt, antenna height and transmission power. The network planning tool Atoll [5] is used in this analysis, and Figure 1 shows the legend of different DL throughputs.
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Figure 1: Legend of different DL throughputs

2.1 Cell data rate vs. Antenna tilt
The ‘coverage by throughput’ plots for 3 different antenna tilts (8°, 4° and 0°) are shown in (a), (b) and (c) of Figures 2. Note that all other parameters are kept constant, with an antenna height of 30m and transmit power of 46dBm. The following table lists the radii (along the bore-sight) of the coverage segments for each of the data rates for the 3 antenna down-tilts studied.
	Down tilt
	Segment radius at antenna bore-sight (m)

	
	10MB
	5MB
	  4MB
	3MB
	2MB
	1MB
	0.5MB

	0°
	1000
	1600
	1720
	1720
	1860
	2180
	2250

	4°
	650
	850
	950
	950
	1025
	1175
	1225

	8°
	360
	400
	400
	460
	460
	510
	510
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Figure 2: the impact of antenna tilt on cell data rate
Observation 1: It can be clearly observed that
· By increasing the down-tilt of the antenna, the regions of the cell where a particular data rate is possible are compacted together. This is particularly true for the lower data rates which lie in the outer regions of the cell. 
· When the antenna down-tilt is steeper, the average cell edge data rate will be higher. 
· The average cell throughput will increase when the down-tilt is increased, although the coverage will decrease.
2.2 Cell data rate vs. Antenna height
To understand the impact of antenna height on the cell data rates, we use Atoll to simulate the same base station site with two antenna heights of 30m and 15m. The antenna down-tilt is retained at 4° and all other parameters are kept identical. The cell data rate plot for the 30m antenna height and 15m antenna height are depicted in (a) and (b) of Figure 3. The radii of the coverage segments along the bore-sight for each of the data rates are listed in the following table.
	Antenna height
	Segment radius at antenna bore-sight (m)

	
	10MB
	5MB
	  4MB
	3MB
	2MB
	1MB
	0.5MB

	30m
	650
	850
	950
	950
	1025
	1175
	1225

	15m
	450
	560
	610
	610
	660
	800
	850
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(a) 30m
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(b) 15m


Figure 3:
the impact of antenna height on cell data rate
Observation 2: It can be clearly observed that
· Changing the antenna height does not change the average cell throughput or the cell edge data rates. 
· Increase antenna height can scale the coverage up, and the relative areas for each date rate (as a proportion of the overall cell area) remain the same.
2.3 Cell data rate vs. Transmission power
43dBm and 46dBm are used to analyse the impact of transmit power on the cell data rates. All other parameters are (including antenna height =30m, down-tilt=4°) retained constant. The throughput by coverage plot for the 46dBm and 43dBm power are illustrated in (a) and (b) of Figure 4. 
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(a) 46dBm
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(b) 43dBm


Figure 4:
the impact of transmission power on cell data rate
Observation 3: It can be clearly observed that
· The reduction of transmit power has scaled down the whole pattern of 46dBm pattern. 
· The average cell throughput will remain the same, when the transmit power is changed. Also the cell edge data rates will not change as a result of transmit power adjustments.
2.4 The need for ES enhancement for overlaid scenario
As analysed above, the cell coverage pattern changes with different settings, antenna tilt, antenna height and transmission power. It can be readily assumed that in the identified scenarios:
· different cells may offer different QoS;
· for a base station different cell coverage patterns may be observed with different settings;

· at different locations of a cell different data rates may be achieved.

On the other hand, traffic in cell displays different distribution patters in terms of QoS requirements, load states, as also observed in [1]. Therefore, enhancement is necessary also taking into account of QoS requirements in order to achieve efficient energy saving for both “switch on” and “switch off” mechanisms. 
For switch on mechanism, “probing” can give a good estimation if the required QoS can be supported in the cell(s) to be switched on. Therefore “probing mechanism” can be considered to maintain user QoS in switch-on scenarios for the intra-LTE case. However, it requires further investigation in RAN3 whether or not there is any signalling impact.
3 Conclusions and Proposals
In this paper we discuss why ES enhancement is required when taking into account of users’ QoS requirements with evaluation results. In conclusion, we propose that:

Proposal 1:
The “probing mechanism” is to be considered to maintain user QoS in switch-on scenarios for overlaid coverage scenario based on user QoS requirements. 
Proposal 2: Whether or not there is any signalling impact requires further investigation in RAN3.
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