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Introduction

This document summarizes all Multiflow results as presented in [2]. Figures were updated reflecting the use of a modified scheduler which favours cell-edge users less than earlier.
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7.x
Multiflow system evaluation

Here we present performance results of Multiflow single frequency - dual carrier aggregation system simulations. 

For the sake of completeness we are presenting here a complete set of burst rate statistics for PA,VA,PB channel profiles for inter- and intra-site Multiflow, for 3- and 6-sector deployments. It may be sufficient however to include into the TR for the type3 receivers only the simulations using the PA channel. 
7.x.2
Results with 3 sectors 

In all simulations there were about 9% UEs in the SofterHO area, and about 38% of UEs in the SHO areas.
7.x.2.1
Assumption complementing section 6.1

Table 7.x.1: Simulation assumptions complementing those in section 6.1

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around as defined in Section 6.1

	Inter-site distance
	as defined in Section 6.1

	Cell transmit timing
	Ideal sub-frame boundary alignment

	Carrier Frequency
	as defined in Section 6.1

	Antenna pattern
	2D-pattern as defined in section 6.1

	Channel Model
	PA3, VA3, PB3 

	UE Receiver Type
	Type 3 and Type 3i 

	Soft Handover Parameters
	as defined in Section 6.1

	Traffic Model
	as defined in Section 6.1

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH decoding
	Ideal


7.x.2.2 Results for type3 receivers

Figure 7.x.1 and Figure 7.x.2 show the burst rate CDF for inter- and intra-site operation, respectively.

The inter- as well as intra-site scheduler for Multiflow UEs uses independent metrics for the links, thereby giving slight priority for cell-edge users. However, the secondary link is scheduled only if all queues for that cell are empty.

Note that for 16 users per cell the network offered load is at 3.2 Mbps, while the achieved network throughput was only at 3.05 Mbps This means users in poor channel condition will have transmissions most of the time and packets will pile up in their queues (TCP is not modelled here), while others will finish their transmissions before new packets arrive. Thus the system performance gets biased towards the cell-edge users. For this reason we think that results for 16 or even 32 users/cell are of limited value and we opt to show only offered loads of up to 16 users/cell.
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Figure 7.x.1: Inter-site Multiflow burst rate CDF @ 1 and 8 users per cell, 3 sectors, PA, VA, PB

For inter-site operation UEs in the SHO and SofterHO area can employ Multiflow and experience moderate gains. For low load, the independent link scheduling metrics favor cell-edge users, which leads to stronger gains at low percentiles but losses at higher percentiles. This behavior is less visible for high load.
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Figure 7.x.2: Intra-site Multiflow burst rate CDF @ 1 and 8 users per cell, 3 sectors, PA, VA, PB
In intra-site Multiflow only the SofterHO packets experience gains. The unfairness of the scheduler is emphasized by increasing the delay spread of the channel.
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Figure 7.x.3: Multiflow gain at various load points, 3 sectors, PA, VA, PB

Figure 7.x.3 shows the overview of mean burst rate gains for all UEs, UEs in SHO and in SofterHO areas. For inter-site Multiflow the SHO UEs gain more than SofterHO UEs. Gains of up to 15% are achieved, but for more difficult channels gains are vanishing or come with system losses.
For intra-site Multiflow only SofterHO UEs experience gains in the range of 0-15% – for 1-8 users offered load which does not yet constitute overload. For high load it is expected  that there are transmissions in the cell ongoing most of the time. As the SofterHO gains appear to be somewhat rising with the offered load this would suggest that the secondary links of Multiflow UEs are never really scheduled at the same time as the original ones, so that no disadvantage comes about compared to non-Multiflow operation. 
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Figure 7.x.4: mean burst rate performance for all UEs, 3 sectors, PA, VA, PB
Figure 7.x.4 shows that the mean burst rates for the various channels is decreasing with increasing delay spread, as is expected.
7.x.2.4 Results for type3i receivers
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Figure 7.x.5: Inter-site Multiflow burst rate CDF @ 1 and 8 users per cell, 3 sectors, PA, VA, PB

Figure 7.x.5 show the burst rate CDF for type3i receivers. We observe that gains for UEs in the SHO and SofterHO areas translate to noticeable system gains.
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Figure 7.x.6: Intra-site Multiflow burst rate CDF @ 1 and 8 users per cell, 3 sectors, PA, VA, PB

For intra-site Multiflow also SHO UEs appear to benefit to a small degree. This may be explained by the effect of removing SofterHO cell-edge UEs’ packets from the system more rapidly, leaving more opportunity to schedule other cell edge users.
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Figure 7.x.7: Multiflow gain at various load points, 3 sectors, PA, VA, PB

The overview of gains for various loads in Figure 7.x.7 shows system gains of about 15% and cell-edge gains of about 40% for inter-site Multiflow. In intra-site simulations the gains for SofterHO Ues is slightly higher than 40% and system gains are still positive.
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Figure 7.x.8: mean burst rate performance for all UEs, 3 sectors, PA, VA, PB

Figure 7.x.8 shows the compared to type3 receivers increased mean burst rates.
7.x.3
Results with 6 sectors 

In all simulations there were about 12% UEs in the SofterHO area, and about 40% of UEs in the SHO areas. 

7.x.3.1
Assumption complementing section 6.1

Table 7.x.2: Simulation assumptions complementing those in section 6.1

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 6 sectors per Node B with wrap-around as defined in Section 6.1

	Inter-site distance
	as defined in Section 6.1

	Cell transmit timing
	Ideal sub-frame boundary alignment

	Carrier Frequency
	as defined in Section 6.1

	Antenna pattern
	2D-pattern as defined in section 6.1

	Channel Model
	PA3, VA3, PB3 

	UE Receiver Type
	Type 3 and Type 3i

	Soft Handover Parameters
	as defined in Section 6.1

	Traffic Model
	as defined in Section 6.1

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH decoding
	Ideal


7.x.3.2 Results for type3 receivers
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Figure 7.x.9: Inter-site Multiflow burst rate CDF @ 1 and 8 users per cell, 6 sectors, PA, VA, PB

The burst rate CDFs in Figure 7.x.9 for inter-site and Figure 7.x.10 for intra-site resemble those of the 3-sector simulations in their overall behavior.
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Figure 7.x.10: Intra-site Multiflow burst rate CDF @ 1 and 8 users per cell, 6 sectors, PA, VA, PB
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Figure 7.x.11: Multiflow gain at various load points, 6 sectors, PA, VA, PB

The 6-sector gain for SHO and SofterHO UEs is marginally higher than that of 3-sectors scenarios at about 10-15% for inter-site deployment and 0-20% for intra-site. 
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Figure 7.x.12: mean burst rate performance for all UEs, 6 sectors, PA, VA, PB

The mean burst rates are displayed in Figure 7.x.12.
7.x.2.4 Results for type3i receivers
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Figure 7.x.13: Inter-site Multiflow burst rate CDF @ 1 and 8 users per cell, 6 sectors, PA, VA, PB

The burst rate CDFs for inter-site Multiflow in Figure 7.x.13 and intra-site Multiflow in Figure 7.x.14 show that the gains are staying large also for high percentiles, unlike with type3 receivers.
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Figure 7.x.14: Intra-site Multiflow burst rate CDF @ 1 and 8 users per cell, 6 sectors, PA, VA, PB
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Figure 7.x.15: Multiflow gain at various load points, 6 sectors, PA, VA, PB
Multiflow for 6-sectors using type3i receivers achieves system gains of 5-15% in inter-site deployment, where the gains for UEs in the SHO and SofterHO areas are at around 40% (decreasing with higher load). For intra-site SofterHO UEs enjoy gains of 60-30%. 
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Figure 7.x.16: mean burst rate performance for all UEs, 6 sectors, PA, VA, PB

Mean burst rates are shown in Figure 7.x.16.
7.x.x Conclusion

Multiflow in single-frequency dual-carrier aggregation brings system gains of over 10% for type3i receivers while at the same time improving burst rate of UEs in SHO and SofterHO areas to around 40% for inter-site deployments. System gains are slightly lower but still positive for intra-site Multiflow, while SofterHO gains there are 60-40% depending on whether 3- or 6-sectors cells are used and depending on the offered load.
