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Introduction

This document presents system performance results for a  Multiflow RRH deployments with balanced load. Performance results for RRH deployments where some cells are heavily loaded are presented in [1].
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7.x
Multiflow system evaluation

In this section, performance results of Multiflow single frequency - dual carrier aggregation system simulations with an RRH deployment are presented. Simulations were carried out assuming a 100% penetration of Multiflow UEs, and under the assumption of ideal flow control. 

7.x.1
Results with 3 sectors, inter-site deployment

The amount of users within the SHO area was 37 % for the whole network. The amount of users in the SofterHO area was 11 % for the whole network, and 16 % within a RRH cluster.

The scheduler used for the Multiflow users follows the simulation assumptions in section 6.1, whereby a secondary link is scheduled only if there are no primary UEs active in that cell. This principle is applied also in inter-site scenarios.

7.x.1.1
Simulation assumptions specific to this section
Simulation assumptions are based on section 6.1, with the exception/addition of those in table 7.x.1
Table 7.x.1: Simulation assumptions specific to this section
	Parameters
	Comments

	Cell transmit timing
	Ideal sub-frame boundary alignment

	Antenna pattern
	2D-pattern as defined in section 6.1

	Channel Model
	PA3, VA3 

	UE Receiver Type
	Type 3i 

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH decoding
	Ideal


7.x.1.2 Performance results, all cells included

Figures xx and xx show the packet throughput CDF of all UEs in the network, and those of the UEs in the HO areas. It is observed that users in the SHO and SofterHO  areas,experience gains of 40 % and 42 % for PedA  and 36 % and 39 % for VehA, respectively, while the gain over all users is 14 % for PedA and 12 % for VehA. 
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Figure 7.x.1: Inter-site Multiflow burst rate CDF @  8 users per cell, 3 sectors, PA, VA

To highlight that the gains of cell-edge users does not come at the expense of cell-center users Figure 7.x.2 shows the CDFs for non multiflow users (i.e. users that do not fall into the HO area).
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Figure 7.x.2: Inter-site  Multiflow burst rate CDF @  8 users per cell, 3 sectors, PA, VA, showing only the set of UEs in the SHO or SofterHO area and the set of UEs not in the HO areas.
Figure 7.x.3 shows the packet TP gain overview for a range of offered network load levels (expressed as the number of FTP users per cell). It is observed that the gains stay rather constant before it falls to about xx% for high load of 32 users/cell..
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Figure 7.x.3: Inter-site packet TP gains, 3 sectors, PA, VA

The shape of the gain curve is explained by the TTI usage statistics as detailed in Table 7.x.2. The user TTI statistics show the number of scheduled TTIs over all transmission possibilities. We see that even for high load of e.g. 16 UEs/cell  Multiflow UEs have a 21% probability of having an empty neighbour cell and hence the possibility to receive assistance.

Table 7.x.2: TTI usage statistics (PA3 channel)
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1 4.5 % 4.6 % 97.9 % 96.1 %

2 6.7 % 7.6 % 95.4 % 92.3 %

4 12.4 % 15.2 % 90.4 % 83.7 %

8 26.6 % 33.2 % 78.9 % 65.9 %

16 63.8 % 78.2 % 39.9 % 20.5 %

32 98.3 % 99.6 % 5.0 % 0.1 %
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7.x.1.3 Performance results, RRH cells 

Figures 7.x.4 and 7.x.5 shows the packet throughput CDF of all UEs in the network, and those of the UEs in the HO areas. It is observed that users in the SHO and SofterHO areas gain 37 % and 35 % for PedA and 31 % and 34 % for VehA, respectively, while the gain over all users is 10 % for PedA and 11 % for VehA. 
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Figure 7.x.4: Inter-site Multiflow burst rate CDF @  8 users per cell, 3 sectors, PA, VA

To highlight that the gains of cell-edge users does not come at the expense of cell-center users Figure 7.x.6 shows the CDFs for non multiflow users (i.e. users that do not fall into the HO area).
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Figure 7.x.5: Inter-site  Multiflow burst rate CDF @  8 users per cell, 3 sectors, PA, VA, showing only the set of UEs in the SHO or SofterHO area and the set of UEs not in the HO areas.
Figure 7.x.6 shows a packet TP gain overview for a range of offered network load. It is observed that the gains stay rather constant across the load at xx%, xx% and xx% for the overall system gain, gain for users in the SHO area, and gain for users in the SofterHO area, respectively.
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Figure 7.x.6: Inter-site packet TP gains, 3 sectors, PA, VA

The shape of the gain curve is explained by the TTI usage statistics as detailed in Table 7.x.3. We see that even for a load of 16UEs/cells for Multiflow UEs the secondary link is scheduled half as often as the primary link, enabling significant assistance to the UE.
Table 7.x.3: TTI usage statistics
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Users/Cell Reference Multiflow Primary link Secondary link

1 4.5 % 4.8 % 97.9 % 96.1 %

2 6.8 % 7.8 % 95.8 % 91.9 %

4 12.7 % 15.4 % 90.2 % 83.0 %

8 26.9 % 34.0 % 78.5 % 64.9 %

16 64.6 % 79.9 % 36.8 % 18.4 %

32 98.2 % 99.6 % 4.8 % 0.1 %


7.x.2
Results with 6 sectors, inter-site deployment 

The amount of users in the SHO area was 39 % for the whole network. The amount of users in the SofterHO area was 14 % for the whole network, and 20 % within a RRH cluster.

The scheduler used for the Multiflow users follows the simulation assumptions [R1-111116], whereby a secondary link is scheduled only if there are no primary UEs active in that cell. This principle is applied also in inter-site scenarios.

7.x.2.1
Simulation assumptions specific to this section
Simulation assumptions are based on section 6.1, with the exception/addition of those in table 7.x.4
Table 7.x.4: Simulation assumptions specif to this section
	Parameters
	Comments

	Cell transmit timing
	Ideal sub-frame boundary alignment

	Antenna pattern
	2D-pattern as defined in section 6.1: 6 sectors xx

	Channel Model
	PA3, VA3 

	UE Receiver Type
	Type 3i 

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH decoding
	Ideal


7.x.2.2 Performance results, all cells included

Figures 7.x.7 and  7.x.8 shows the packet throughput CDF of all UEs in the network, and those of the UEs in the HO areas. It is observed that for PedA users in the SHO and SofterHO areas gain 42 % and 44 % for PedA  and 39 % and 39 % for VehA, respectively, while the overall gain over all users is at 13 % for PedA and 14 % for VehA. 
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Figure 7.x.7: Inter-site Multiflow burst rate CDF @  4 users per cell, 6 sectors, PA, VA

To highlight that the gains of cell-edge users does not come at the expense of cell-center users Figure xx shows the CDFs for non multiflow users (i.e. users that do not fall into the handover area).
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Figure 7.x.8: Inter-site  Multiflow burst rate CDF @  4 users per cell, 6 sectors, PA, VA, showing only the set of UEs in the SHO or SofterHO area and the set of UEs not in the HO areas.
Figure 7.x.9 shows the packet TP gain overview for a range of offered network load. The gains are comparable to those of a 3-sector deployment
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Figure 7.x.9: Inter-site packet TP gains, 6 sectors, PA, VA

The shape of the gain curve is explained by the TTI usage statistics as detailed in Table 7.x.5. The user TTI statistics show the number of scheduled TTIs over all transmission possibilities. We see that even for a load of 16UEs/cells for Multiflow UEs the secondary link is scheduled half as often as the primary link, whereas that ratio is almost one for lower loads.

Table 7.x.5: TTI usage statistics
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Users/Cell Reference Multiflow Primary link Secondary link

1 4.6 % 4.8 % 98.0 % 95.8 %

2 7.0 % 8.0 % 95.3 % 92.0 %

4 13.3 % 16.3 % 90.4 % 82.8 %

8 28.4 % 35.9 % 77.9 % 62.8 %

16 68.6 % 74.2 % 35.1 % 15.5 %


7.x.2.3 Performance results, RRH cells only
Figures 7.x.10 and  7.x.11 show the packet throughput CDF of all UEs in the network, and those of the UEs in the HO areas. It is observed that users in the SHO and SofterHOareas  gain 40 % and 42 % for PedA and 37 % and 36 % for VehA, respectively, while the overall gain over all users is 12 % for PedA and 12 % for VehA. 
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Figure 7.x.10: Inter-site Multiflow burst rate CDF @  4 users per cell, 6 sectors, PA, VA

To highlight that the gains of cell-edge users does not come at the expense of cell-center users Figure xx shows the CDFs for non multiflow users (i.e. users that do not fall into the handover area).
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Figure 7.x.11: Inter-site  Multiflow burst rate CDF @  4 users per cell, 6 sectors, PA, VA

Figure 7.x.12 shows the packet TP gain overview for a range of offered network load. The gains are comparable to those considering all cells, as the load among the cells is balanced.
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Figure 7.x.12: Inter-site packet TP gains, 6 sectors, PA, VA

The shape of the gain curve is explained by the TTI usage statistics as detailed in Table 7.x.6. We see that even for high load UEs that are Multiflow UEs have a xx% probability of having an empty neighbour cell and hence the possibility to receive assistance.

Table 7.x.6: TTI usage statistics
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Users/Cell Reference Multiflow Primary link Secondary link

1 4.8 % 4.9 % 97.7 % 95.9 %

2 7.0 % 8.1 % 95.4 % 92.5 %

4 13.2 % 16.7 % 90.1 % 82.8 %

8 28.7 % 36.7 % 77.6 % 62.5 %

16 69.0 % 85.1 % 32.8 % 13.7 %


7.x.x Conclusion

RRH deployments with balanced load have a performance comparable to intersite Multiflow within a macro network, with cell-edge UEs experiencing a gain of 40%. The gain’s decline is governed by the diminishing scheduling opportunities for the secondary link at higher loads. 
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