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1. Introduction

As a continuation to the work in [1], this document focuses on one scenario and evaluates the impact of different interval of load exchange, and the decision to switch on and off cells. A similar simulation model as described in [1] is used to produce the results in the attached text proposal.
2. Discussion

If the load exchange interval is very small, the inter-RAT systems would exchange load information very frequently and therefore increase the inter-RAT signalling messages. On the other hand, if the interval value is very big, there is a potential risk to slow down the decision making of energy saving, thereby decreasing the energy saving gain. 
The text proposal details further an investigation into the frequency of load information exchange for aggressive and non-aggressive energy saving algorithm implementations. 
3. Conclusions

The conclusions from this analysis are as follows: 
· When a non-aggressive parameter setting is chosen, it is possible to achieve energy saving gains without the need for frequent load information exchange. N.B.: no significant impact on energy saving gain is seen up to 15 minutes load exchange intervals. 

· On the other hand, if a more aggressive parameter setting is used, it is possible to achieve a higher energy saving, but this requires more frequent load exchange to avoid impact on user throughput and blocking rate.
We propose that the attached text proposal in section 4 is included in the energy saving TR as agreed upon in [2].
4. Text Proposal

---------------------------------- Text Proposal -------------------------
5.3 Initial evaluation
5.3.1 Evaluation on load exchange interval selection

No matter which potential solutions there are for inter-RAT energy saving, the load exchange interval should be carefully chosen to find a balance between inter-RAT signaling transfer cost and energy saving gain.  This evaluation of the load exchange interval selection is based on a simulation model, with the following characteristics:
a) Deployment scenario

To align with deployment model in section 5.1, it is assumed in the simulation that Cell A is a UTRAN Dual-cell HSPA cell, providing the basic coverage, and Cell B is an E-UTRAN cell that provides a capacity overlay with carrier bandwidth of 10 MHz (Figure 1).

[image: image1]
Figure 1 Evaluated Inter-RAT energy saving scenario
b) Energy saving algorithm 

The energy saving algorithm works as follows (see also Figure 2). As the total load (including the HSPA cell load and the LTE cell load) decreases below threshold Th1 then the 10 MHz LTE carrier is switched off. If the total load decreases further below Th2 then the second HSPA carrier is additionally switched off. The 5 MHz HSPA system is always on regardless of the traffic for basic coverage reasons. When, conversely, the total load increases and exceeds threshold Th2 plus a hysteresis HYS then the second HSPA carrier is switched back on. If the total load increases further and exceeds Th1 plus a hysteresis HYS then the LTE carrier is switched on again. 

For our simulations, we defined the system load as follows. The HSPA cell load (denoted loadH) and the LTE cell load (denoted loadL) are defined as window averaged transmit power of the HSPA or LTE cell normalized with the maximum downlink transmit power (40 W). The total (multi-RAT) load is defined as: (loadH + loadL)/2. It is assumed that, both for LTE and DC-HSPA, the control channels consume 20% of the maximum downlink transmit power. Other than switching on/off LTE cells or the second HSPA carriers, no changes are made to the system configuration. In particular, no adaptations are made to any of the system parameters, like e.g. the antenna tilt.
An issue related to inter-RAT energy saving concept in general is the volume of core network signalling when idle-mode terminals migrate from E-UTRAN to UTRAN upon ‘switch-off’. It is recommended that this is investigated further in the study item, although this issue is out of the scope of this particular contribution.

[image: image2]
Figure 2: Energy Saving Algorithm 
c) Simulation scenarios

Two configurations of the energy saving algorithm are selected in the simulation, one is aggressive, the other is non-aggressive.  The set-up of the two algorithms is listed as below:

Aggressive ES algorithm set-up: 

Th1=0.40; Th2=0.15; Hys=0.095

Non- aggressive ES algorithm set-up:

Th1=0.30; Th2=0.15; Hys=0.05
The load exchange interval is varied in an enumerated time list {10s, 20s, 30s, 60s, 120s, 300s, 600s, 900s}. In the simulations, we investigated energy saving gain, average throughput, 10th throughput percentile (which can be loosely interpreted as the cell edge throughput), and call blocking probability with different values of the load exchange interval for both aggressive and non-aggressive ES algorithms. Figures 3 to 6 respectively show the energy saving gain, the average throughput, 10th throughput percentile, and the blocking probability versus the achieved load exchange intervals.
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Figure 3 Energy Saving Gain vs Load exchange interval
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Figure 4 Average Throughput vs Load exchange interval
[image: image5.emf]10% Throughput vs Load Exchange Interval
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Figure 5 10% Throughput vs Load exchange interval
[image: image6.emf]Blocking vs Load Exchange Interval
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Figure 6 Blocking probability vs Load exchange interval
The result presented in Figure 7 shows the ON/OFF change analysis for different load exchange intervals, aggressive and non-aggressive ES configuration. Note that for the non-aggressive ES three different HYS values are presented in order to illustrate the effect of HYS set-up on the number of ON/OFF changes. The number of changes are counted (either ON or OFF) for all sites/cells in the network and normalized with the number of changes for 900 s load exchange interval (taken as a reference).
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Figure 7 ON/OFF Changes on Network Level vs Load exchange interval
d) Simulation analysis
For the non-aggressive ES algorithm (brown or blue line) it is observed that no explicit impact is imposed on energy saving gain, average throughput, 10% throughput and blocking probability among the different load exchange intervals. 
For the case of the aggressive ES algorithm (blue line), it is observed that:

· the energy saving gain varies from about 18.6% to 21.8% with different load exchange intervals.

· although no obvious change is detected for average throughput when load exchange interval is less than 120s, a sudden decrease in 10% throughput occurs when the load exchange interval switches from 600s to 900s, and a sharp increase for blocking probability occurs when the load exchange interval is more than 300s. 
Therefore, the aggressive ES algorithm is sensitive to the variation of the load exchange interval. In the aggressive case, the Th(1) and HYS set-up of the algorithm is higher than that of a non-aggressive ES algorithm. This is because the HYS controls the amount of ON/OFF switches as presented in Figure 7. When the load exchange interval is set to a high value some real-time load status will be lost due to long-interval load exchange. In this case, the smaller load exchange interval is set, the more energy saving gain will be captured due to switching off the cell at the exact load status. Note that for very small load exchange interval of 10 s and the aggressive ES algorithm configuration there is a risk of having a too sensitive ON/OFF switching and effectively shorter OFF time resulting in lower ES gain as illustrated in Figure 3. Refer to the additional results in the Appendix as background information for this conclusion.
It is also noted that the amount of ON/OFF changes is acceptable until 20 s (e.g. up to factor 10 within a 24 hour interval) while it is significantly increased for 10 s, which might be undesirable. Because for longer load exchange intervals (e.g. longer or equal than 30 s) we have only two switches per cell (one ON and one OFF) this results in roughly 20 switches (10 times ON and 10 times OFF) per cell for 20 s load exchange interval within 24 hours.
e) Conclusion

The achievable energy saving gain depends on the degree of aggressiveness of ES algorithms (different load threshold setting). For a non-aggressive ES algorithm, a moderate degree of energy saving can be achieved. In this case, the energy saving gain and network performance are not sensitive to the variation of load exchange interval, and it is proposed that a large load exchange interval value is selected to reduce unnecessary inter-RAT load exchange signaling. To achieve a higher energy saving, a more aggressive ES algorithm can be deployed. A requirement for suitable operation of the more aggressive scheme is that load monitoring and load exchange need to be executed more frequently.
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Appendix (Informative)
A. Simulation parameter settings

Table 1: Simulation Parameters

	
	Parameter
	DC-HSPA
	LTE

	SYSTEM
ASPECTS
	Operating Band
	2100 MHz
	2600 MHz

	
	System Bandwidth
	10 MHz
	10 MHz

	
	Inter-Site Distance
	500 m
	500 m

	
	Antenna tilt
	9.2o
	9.2o

	
	Max DL Power @ 10 MHz
	40 W
	40 W

	
	Multi-RAT Deployment
	Co-located, co-azimuthed
	Co-located, co-azimuthed

	
	DL coverage threshold
	RSCPCPICH > -115 dBm
	RSRP > -127 dBm

	
	UL coverage threshold (max path loss)
	-130 dB
	-140 dB

	
	Minimum acceptable DL bit rate
	256 Kbps
	256 Kbps

	
	Receiver noise figure
	8 dB

	TRAFFIC ASPECTS
	Call (file download) size
	Lognormally distributed with mean 5 Mbit
and coefficient of variation 1.5

	
	Call arrival process
	Poisson arrival process with time-dependent arrival rate, as given by a scaling factor ( the normalised daily traffic profile depicted in Figure 8

	PROPAGATION
ASPECTS
	Path loss model
	Okumura-Hata, suburban environment

	
	Antenna height
	30 m
	30 m

	
	User terminal height
	1.5 m

	
	Shadowing model
	Standard deviation of 9 dB, inter-site correlation of 0.7

	
	Indoor penetration loss
	17.6 dB

	
	Minimum coupling loss
	75 dB

	
	Antenna diagram
	Based on a typical Kathrein antenna

	
	Main lobe antenna gain
	17 dB, minus 5.5 dB of cable/feeder/slant loss, gives 11.5 dB
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Figure 8: Daily traffic load variation.

The Figure 9 and Figure 10 present the ON/OFF triggers for an arbitrarily selected HSPA cell (#1) and LTE cell (#204), respectively. As expected the number of ON/OFF triggers based on 10 s load exchange interval is higher than the number of ON/OFF triggers based on 20 s load exchange interval. However, the total OFF time within the time interval shown in Figure 9 and Figure 10 is effectively lower for 20 s than for 10 s load exchange interval. For example:

· The HSPA cell #1 has 21470s total OFF time for 10 s interval and 22840s total OFF time for 20s interval. Effectively, this is 1370 s (or roughly 20 min) longer OFF time for 20 s load exchange interval.

· The LTE cell #204 has 31540s total OFF time for 10 s interval and 35320s for 20s interval. Effectively, this is 3780 s (or 63 min) longer OFF time for 20 s load exchange interval.

The net effect (for these two cells and consequently in general) is that there is lower ES gain for the 10 s load exchange interval.
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Figure 9: HSPA ON/OFF triggers for Cell #1

[image: image10.emf]LTE ON/OFF Triggers Cell #204 Roughly 63 min longer OFF time for 20 s
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Figure 10: LTE ON/OFF triggers for Cell #204
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