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1.
Introduction

This document presents system simulation results when Multiflow is used in conjunction with single-stream MIMO. We show that there are extents of system load and channel scenarios where either Multiflow, single-stream MIMO or the simultaneous usage of both is beneficial. From these results, we conclude that a system would benefit from supporting both, Multiflow and single-stream MIMO, and their simultaneous use.  
2.
Simulation assumptions
Basic simulation assumptions are in accordance to section 6.1 of [1]. Additional assumptions are shown in Table 1.

Table 1: Simulation assumptions complementing those in section 6.1

	Parameters
	Comments

	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 

	Scheduling
	TDMA, e.g. the entire usable code tree assigned to one UE per cell at a time

	Transmit schemes considered
	SIMO: 30% pilot or other overhead power per transmit antenna

Single-stream MIMO: 30% pilot or other overhead power per transmit antenna 

	UE Receiver Type
	All terminals are assumed to use Type 3i receivers, which have perfect knowledge on the interference covariance received from all base stations. 

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH decoding
	Ideal


3.
Simulation Results

Here we present performance results for systems with the following configurations:

· SIMO, no Multiflow enabled

· MIMO (single-stream only), no Multiflow enabled

· SIMO, Multiflow enabled (intra-site only or both intra- and inter-site)

· MIMO (single-stream only), Multiflow enabled (intra-site only or both intra- and inter-site)

Figure 1 shows the cumulative distribution functions (CDFs) of all terminals. We can see that there is a gain of applying single-stream MIMO in all non-Multiflow or Multiflow cases in PedA channels for weaker users further down the CDF, but a loss for the stronger users. The reason is that all users in principle gain from beamforming, but the fact that the transmit power is equally distributed over both transmit antennas impairs high SINR users who are seeing instantaneously good conditions on one of the antenna paths.
If the average number of terminals per cell increases, the gains from Multiflow decrease, as shown in previous contributions, but the gains from single-stream MIMO increase, as then more terminals are operating in regimes of lower SINR where the beamforming gain becomes more visible. In moderate to high load regimes, it appears particularly interesting to use single-stream MIMO and Multiflow in conjunction, as they both positively affect each other: When Multiflow is enabled, the interference floor is increased, which increases beamforming gains. On the other hand, when single-stream MIMO is enabled, burst rates increase and consequently TTI usage decreases, which is favourable for Multiflow.     
For VehA channels, single-stream MIMO gains disappear, as the channels are too frequency-selective to allow for a coherent overlap of transmitted signals at the receiver side. In this regime, we would expect gains from dual-stream MIMO, but such schemes are not simulated here.
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Figure 1. User burst rate CDFs of all UEs depending on whether SIMO/single-stream MIMO and Multiflow or a conjunction of schemes is used.
In Figure 2, we can see the cumulative distribution functions (CDFs) of terminals in soft handover (SHO) regimes. In principle, the findings are the same as before, except that both single-stream MIMO and Multiflow gains are of course particularly pronounced in these SHO areas.
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Figure 2. User burst rate CDFs of UEs in SHO areas depending on whether SIMO/single-stream MIMO and Multiflow or a conjunction of both is used.

In Figure 3, we can see the cumulative distribution functions (CDFs) of terminals in softer handover (SofterHO) regimes. The findings are in principle the same as before. The reason why for a larger number of terminals per cell intra-site Multiflow appears to outperform inter-site Multiflow is that in the latter case, the overall TTI usage in cells will increase, such that SofterHO users can less often be served with Multiflow than in the case that only intra-site Multiflow is activated.
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Figure 3. User burst rate CDFs of UEs in SofterHO regimes depending on whether SIMO/single-stream MIMO and Multiflow are used, or a conjunction of both.

In Figure 4, we can see the absolute user burst rates for different combinations of single-stream MIMO and Multiflow, for different densities of users, for pedestrian A and vehicular A channels, respectively. The plots again emphasize that Multiflow is a technique that provides significant gains for low user densities, regardless of the channel scenario, whereas single-stream MIMO is an interesting technique for higher user densities in moderately flat channels. As also discussed before, the simultaneous use of single-stream MIMO and Multiflow are particularly interesting in regimes of moderate to high load, where both techniques facilitate each other to some extent.  
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Figure 4. Absolute user burst rates as a function of user density for Multiflow or single-stream MIMO, and combinations of both.

4.
Summary
Table 2 shows the gains in average user burst rates for two different load scenarios and PedA /VehA channels. All gains are w.r.t. the baseline case of SIMO without Multiflow. The terms “low load” and “high load” refer to 1 and 16 terminals on average per cell, respectively.
Table 2. Summary on the burst rate gains expected from Multiflow and single-stream MIMO or both, averaged over all terminals. 
	
	
	Low load, PedA
	
	High load, PedA
	
	Low load, VehA
	
	High load, VehA

	
	
	SIMO
	Single-stream MIMO
	
	SIMO
	Single-stream MIMO
	
	SIMO
	Single-stream MIMO
	
	SIMO
	Single-stream MIMO

	No Multiflow
	
	
	+2%
	
	
	+9.3%
	
	
	-11.3%*
	
	
	-11.7%*

	Multiflow (intra)
	
	+4.5%
	+4.3%
	
	~0%
	+9.4%
	
	+3.4%
	-10.6%*
	
	~0%
	-12%*

	Multiflow (inter)
	
	+12.9%
	+10.3%
	
	~0%
	+15.5%
	
	+12.4%
	-3.6%*
	
	~0%
	-11.2%*


*Note that MIMO in the context of VehA scenarios is particularly expected to benefit from dual-stream functionality, which however has not been simulated here.
Please note that in this contribution, the terminals are assumed to have full interference covariance knowledge for all compared schemes, hence gains may look different in practice.

5.
Conclusions

We conclude that
· Multiflow shows strongest gains for low load situations

· Single-stream MIMO is an important feature to increase burst rates, especially for frequency flat channels and higher system loads.
· A simultaneous usage of Multiflow and single-stream MIMO is particularly interesting in scenarios of moderate to high load, as both techniques can to a certain extent facilitate each other.
Consequently, a system would benefit from supporting both Multiflow and single-stream MIMO and the simultaneous usage of both.
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