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1 Introduction
In the summary paper about downlink system performance in Hetnets [1], it is mentioned that “The consideration of the outage metric is important because for UEs characterized as in outage, their burst rate eventually approaches zero as the simulation time increases. The bursty traffic model used in the Hetnet simulations and described in Annexes A.1 and A.2, is an “open loop” model. The arrival of the burst follows the pre-defined statistic model, irrespective of the current queue status (length), as well as the UE physical layer supportable data rate. The computation of burst rate considers both the over the air transmission delay and the queuing delay. Given such a bursty traffic model, as the number of UEs increases, each UE has less chance of being scheduled by the NodeB, hence its physical layer supportable data rate reduces. When the UE physical layer supportable data rate becomes lower than the offered load from the bursty traffic source, the UE starts to have an unstable queue, i.e. the queue starts to build up and the queue length keeps increasing as the simulation time increases. Under such an unstable queue, the later burst that arrives at the queue observes increasingly larger queuing delay and, consequently, smaller and smaller burst rate. As a result, for the UEs whose physical layer supportable data rate (average burst rate) are lower than the offered load, their burst rate eventually approaches zero”
The above observation along with the results presented in this contribution lead to a baseline system (macro only) working under unstable conditions with its performance being determined by the simulation time used. The outage percentage increases with the simulation time and this fact will affect the achievable Hetnet gains.
It is not the same to evaluate the gains introduced by Hetnet when the simulation time is short and the packet queues are still moderate in the baseline scenario than when the simulation time is longer and the queues grow, leading to extremely low burst rates. In the latter case the gains will be extremely high.
In this contribution we will focus on downlink bursty traffic results and at the end results with Multiflow will be also presented. We show an analysis of the stability of the macro only system and propose a bursty traffic model that leads to stable baseline behaviour in order to have reliable gains introduced by Hetnet.
2 Analysis of the macro only system stability
In this section, the influence of the simulation time on the baseline system outage and performance is studied. Under the currently agreed simulations assumptions [2], it can be observed in Figure 1 that the bursty traffic model used creates an excessive offered load that the system is not able to serve, leading to longer queuing delays and increased outage percentages as the simulation time increases. The agreed bursty traffic model described in Table 2 in [2] is presented here in Table 1 below for easy reference. It generates an average load of 400 kbps/UE for each one of the 16 UEs per macro sector area, which gives an offered load of 6.4 Mbps/macro sector area.
Table 1: Currently agreed downlink bursty traffic model [2] 
	Component
	Distribution
	Parameters
	PDF

	File size (S)
	Truncated Lognormal
	Mean = 0.25 Mbytes
Std. Dev. = 0.0902 Mbytes
Maximum = 1.25 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec
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Figure 1 Influence of the simulation time on the bursty traffic performance of the macro only scenario currently agreed in 3GPP UMTS Hetnet SI [2] (16 UEs, 400 kbps/UE average offered load)
The outage is defined as the percentage of UEs with lower average burst rate than the average offered load per UE, which is currently 400 kbps. It is not reliable to have a baseline system whose performance depends on the simulation time used.
In figure 2, it can be seen that there is a high variability in the results obtained by different companies. The median and 5th percentile burst rates along with the outage percentages have been extracted from the corresponding results and CDFs submitted by different companies. “Anonymous” refers to the CDF graph titled Figure X: Average burst rate CDF for baseline and Hetnet deployment, with offered load of 400 kbps in [1], which is more aligned with NSN results. 
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Figure 2 Comparison with other companies of the macro only performance in bursty traffic conditions
In order to validate the fact that, under current bursty traffic assumptions, Hetnet gains depend on simulation time, we have included in Table 2 the UE burst rate achieved for different durations. It can be observed that whereas Hetnet results remain independent of time, the baseline ones and hence the gains introduced by Hetnet are highly dependent on the simulation time used.
Table 2: Difference in Hetnet gains depending on the simulation time used
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Impact of different offered loads on system stability

As the Hetnet SI is focused on improving capacity in dense areas with significant load, it is interesting to study the offered load breakpoint that leads to instability. It is worth to remark that some outage percentage different than zero will lead to simulation time dependent results and therefore variable gains. It is understandable that with the current overloaded system with high outage it is easier to appreciate the huge offload carried out by the Hetnet layer and the significant gains associated to it, however it is not possible to quantify the gains in an accurate way in that case.
Figure 3 shows how the user burst rate is affected by the offered load that arrives at each UE. As previously mentioned, outage is defined as the percentage of UEs with lower average burst rate than the offered load per UE e.g. for 200 kbps/UE offered load, the UEs in outage would be those with less than 200 kbps average burst rate, whereas for 400 kbps/UE offered load, the condition to be in outage would be to have less than 400 kbps average burst rate. It can be observed that less than 200 kbps/UE is a safe load value to guarantee no outage and hence time independent results.
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Figure 3 User burst rate vs. offered load per UE (16 UEs per macro sector area are assumed)
In the following figures, the stability of the system for loads equal to 200 kbps/UE and lower is studied, as those loads have shown practically no outage and therefore no dependence on the simulation time used.

 User burst rate versus simulation time for 200 kbps/UE offered load

As it can be seen in Figure 4, some small outage bigger than 0% still creates some dependency with the simulation time, especially for cell edge (830 kbps cell edge user burst rate for 45s simulation time versus 485 kbps for 90s) . Thus, 200 kbps/UE with 16 UEs per macro sector area doesn't guarantee a stable macro only system and it is still needed to further lower the load to achieve stable, simulation time independent results.
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Figure 4 User burst rate vs. time for 200 kbps/UE offered load
User burst rate versus simulation time for 150 kbps/UE offered load
In Figure 5, stable results are achieved for an offered load of 150 kbps/UE. As it can be noticed, with 0% outage there is no increasing waiting time in the buffer queues and hence no dependence on the simulation time. It seems like a good candidate value for 3GPP simulations if we want a macro only system operating close to its maximum stable load.
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Figure 5 User burst rate vs. time for 150 kbps/UE offered load
User burst rate versus simulation time for 100 kbps/UE offered load
An offered load of 100 kbps/UE is also a good candidate value for 3GPP simulations. However, as we want to focus on scenarios with high load in Hetnet studies, it is interesting to operate the system with as much load as possible while keeping the stability in check. That is ensured with 150 kbps/UE in case of 16 UEs per macro sector area in downlink bursty traffic simulations.
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Figure 6 User burst rate vs. time for 100 kbps/UE offered load
Proposal. It is proposed to consider in 3GPP a smaller file size for downlink bursty traffic simulations in order to operate the macro only system under stable conditions and to have a reliable baseline to compare gains introduced by Hetnet. It has been found that an offered load of 150 kbps/UE for the currently assumed 16 UEs per macro sector area is a good value in order to operate the system close to its maximum load without entering unstable regime. This can be achieved by using the bursty traffic parameters specified in Table 3:
                               Table 3: Proposed downlink bursty traffic model
	Component
	Distribution
	Parameters

	File size (S)
	Truncated Lognormal
	Mean = 93.75 KBytes
Std. Dev. = 0 Mbytes
Maximum = 93.75 KBytes

	Inter-burst time 
	Exponential
	Mean = 5 sec


User burst rate versus offered load for baseline and Hetnet scenarios
In this section, the relation between user burst rate and offered load per UE in the system is analyzed. Figure 7 shows the average user burst rate versus offered load for macro only and Hetnet scenarios, whereas Figure 8 shows this dependency on the cell edge. Note that what is called Hetnet assumes 4 LPNs 37 dBm with CIO (configuration with highest gains) and 16 UEs per macro sector area. It is also worth mentioning that for loads higher than 200 kbps/UE the exact burst rates values for the macro only case depend on the simulation time used as there is some outage in the system in those cases (the ones shown were obtained with 60s simulation time). The Hetnet case doesn't have this problem as the LPN layer offloads the system preventing outage. 
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 Figure 7 Average user burst rate vs. offered load
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Figure 8 Cell edge (5th percentile) user burst rate vs. offered load

3 Hetnet burst rates and gains with the proposed offered load of 150 kbps/UE with and without Multiflow
In the following we evaluate the gains brought by different Hetnet configurations (different number of LPNs, transmission power, CIO and Multiflow) considering the proposed offered load of 150 kbps/UE which leads to a reliable baseline and thus reliable gains.  
Hetnet without Multiflow
Initially, performance numbers for Hetnet without Multiflow are shown.  It can be seen in Figures 9 and 10 that a higher number of LPNs, transmission power and CIO leads to better performance, especially in terms of median and mean burst rates, although the differences are not dramatic for this load.
    [image: image10.png]User burst rate (Mbps)

O B, N W & U1 O N O O

il

Macro
only

2LPNs 2LPNs 4LPNs 4LPNs

30dBm 37dBm 30dBm 30dBm+ 37 dBm 37 dBm +

Clo

4 LPNs

4 LPNs

Clo

H Median
M Mean
W 5%




Figure 9 User burst rates for different configurations and 150 kbps/UE offered load
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Figure 10 User burst rate gains for different configurations and 150 kbps/UE offered load
Hetnet with Multiflow
In Figures 11 and 12, it can be observed that when Multiflow is active, the different Hetnet configurations provide similar gains, being these quite significant especially in terms of cell edge (above 100% gain).
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Figure 11 User burst rates for 150 kbps/UE offered load and Multiflow
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Figure 12 User burst rate gains for 150 kbps/UE offered load and Multiflow

Finally, to evaluate the gains from Multiflow for the different configurations, Figure 13 shows the improvement achieved for each scenario when Multiflow is active. The enabling of Multiflow implies cell edge gains while keeping a similar mean and median burst rate. The offloading provided by the Hetnet layer already contributes to improving cell edge performance, so the relative improvement coming from Multiflow for Hetnet scenarios is smaller than the one obtained for the more loaded macro only network.
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Figure 13 Multiflow cell edge gains for different scenarios
In general, it can be said that Hetnet provides considerable gains over the macro only case, and higher number of LPNs, transmission power, use of CIO and Multiflow are beneficial for improved system level performance. Obviously, the gains obtained for the proposed offered load of 150 kbps/UE are lower than the ones obtained for 400 kbps/UE due to the lower impact of the offload in the former case as the macro only scenario operates in less critical conditions. On the other hand, this offered load allows for having a reliable baseline system and therefore reliable Hetnet gains.
4 Conclusion
In this contribution, an analysis of the instability issue in the macro only scenario due to excessive load is carried out, leading to the conclusion that it is needed to operate the system in less demanding conditions in order to have a stable behaviour and hence reliable Hetnet gains. The following is proposed:

Proposal. It is proposed to consider in 3GPP a smaller file size for downlink bursty traffic simulations in order to operate the macro only system under stable conditions and to have a reliable baseline to compare gains introduced by Hetnet. It has been found that an offered load of 150 kbps/UE for the currently assumed 16 UEs per macro sector area is a good value in order to operate the system close to its maximum load without entering unstable regime. This can be achieved by using the bursty traffic parameters specified in Table 3:
Table 3: Proposed downlink bursty traffic model
	Component
	Distribution
	Parameters

	File size (S)
	Truncated Lognormal
	Mean = 93.75 KBytes
Std. Dev. = 0 Mbytes
Maximum = 93.75 KBytes

	Inter-burst time 
	Exponential
	Mean = 5 sec


In addition, system level gains of different Hetnet configurations with and without Multiflow are provided. The use of higher number of LPNs, higher transmission power, CIO and Multiflow proves to be beneficial for improved performance.
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