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1. Introduction

The use of spatial multiplexing with rank adaptation and precoding in the E-UTRA SU-MIMO downlink has been heavily investigated and the potential for considerable gains have been demonstrated. In this contribution, we focus on the uplink and perform system simulations to assess the benefits of SU-MIMO with different system loads. Spatial multiplexing is compared with receive diversity while the issue of precoding is left for further study. Since 64-QAM has been proposed as another way of improving uplink peak rates, the SU-MIMO gains are evaluated against receive diversity with and without 64-QAM.

2. Simulation Assumptions

A summary of models and assumptions is provided in Table 1. The models are aligned with the assumptions in ‎[1], and cover case 1. An exception is that for simplicity a system with 21 cells operating in 5 MHz is studied. This yields optimistic absolute values but is not expected to significantly affect relative comparisons. A simple static simulation-based evaluation methodology is used. In each iteration/drop of the simulation, terminals are randomly positioned in the system area, and the radio channel between each base station and terminal antenna pair is calculated according to the propagation and fading models. To study different system load levels, cells are randomly selected to be transmitting with a cell activity factor f ranging from 5 to 100%. In active cells the transmitting user is selected randomly among the users belonging to the cell, i.e., no frequency domain multiplexing, so max one user per cell is transmitting in a certain TTI. The total number of active users for activity factor f is denoted U(f). Based on the channel realizations and the active interferers, a post-combining signal-to-interference and noise ratio (SINR) is calculated for all symbols streams in each scheduled link. Based on such ideal CQI link adaptation is performed. Using the mutual information model of ‎[2], the SINR value for each possible stream in a link is mapped to a bit-rate and then the bit-rates corresponding to one link are summed resulting in the active radio link bit-rate Ru, for scheduled user u. Active base stations and scheduled users differ between drops and statistics are collected over a large number of drops. For each cell activity factor, the served traffic per cell T(f) is calculated based on the active radio link bit-rates as the sum of the active radio link bit-rates for the active users 

T(f) = E[(u=1 U(f) Ru,/ Ncell].
(2)

where Ncell is the number of cells in the system and the expectation is taken over the drops. The mean and the 5th percentile of the active radio link bit-rates are used as measures of average and cell-edge user quality, respectively. Note that as the cell activity factor increases, individual user bit-rates decrease because of increased interference and thereby decreased SINR. The served traffic however increases as the number of active users increases. 
Table 1: Models and Assumptions.

	Traffic Models

	User distribution
	Uniform

	Terminal speed
	0 km/h 

	Data generation
	On-off with activity factor 5, 10, 20, 40, 60, 80, 100%

	Radio Network Models

	Distance attenuation
	L = 35.3+37.6*log(d), d = distance in meters

	Shadow fading
	Log-normal, 8 dB standard deviation

	Multipath fading
	SCM, Suburban macro

	Cell layout
	Hexagonal grid, 3-sector sites, 57 sectors in total

	Cell radius 
	167 m (500 m inter-site distance)

	System Models 

	Spectrum allocation
	5 MHz

	Max UE output power 
	250 mW into antenna (no minimum power)

	Max NodeB antenna gain
	15 dBi

	Modulation and coding schemes
	QPSK and 16QAM, turbo coding according to WCDMA Rel-6. 

	Scheduling 
	Random selection of active users, no frequency domain multiplexing

	OFDM Parameters 
	According to 25.814 ‎[1] 

	Overhead
	28% for reference signals and L1/L2 control channels (5 symbols per TTI for data)

	Receiver
	MMSE SIC with IRC is used for MIMO cases 


3. Numerical Results

Consider Figure 1 which depicts mean active radio link bit-rate versus traffic load. Starting with the two receive antenna cases it is seen that the addition of 64-QAM gives a gain of around 30% over 1x2 when the load is low. At high load the gains vanish as expected. The 60% gain of SU-MIMO is however even higher indicating that for low load the system is not power limited and that there are channels with MIMO friendly spatial properties. For maximum load, MIMO, shows a 10% gain over 1x2. As seen in Figure 2, the MIMO gains at the cell-edge, as represented by 5th percentile bit-rates, are naturally considerably less. 64-QAM exhibits slight gains over 1x2. Note that the varying gain of the 64-QAM curve over 1x2 is attributed to insufficient statistics in the simulations. A study of the CDF of active bit-rates reveals that the gains of adding 64-QAM on top of MIMO are modest even if the load is very low.

Returning to Figure 1 to study the four receive antenna configurations shows large MIMO gains over 1x4. A MIMO gain of around 300% in active radio link bit-rates is seen for low loads while at full load the gain is reduced to still a quite substantial figure of 50%. 64-QAM, on the other hand, displays a small gain for full load while the gain is almost 50% at low load. Also in this case does an inspection of the CDf of active bit-rates show that 64-QAM for 4x4 does not give additional gains. The 2x4 setup is however suffering from the limited number of signal constellations.
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Figure 1: Uplink mean active radio link bit-rate versus system load.
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Figure 2: Uplink mean active radio link bit-rate for users at cell-edge (5th percentile) versus system load.

4. Discussion and Conclusions

The system simulation results in this paper show that spatial multiplexing may provide large gains over pure receive diversity in the uplink even if 64-QAM is available. 64-QAM indeed also provides sizeable gains but the additional gain of MIMO is still sufficiently large to motivate uplink SU-MIMO. Although the chairman’s notes of the MIMO ad hoc session of TSG-RAN WG1 #47 point out that SU-MIMO should be evaluated against MU-MIMO we believe MU-MIMO should be seen as a complementary technique to SU-MIMO and not as an alternative candidate technique. This since MU-MIMO and SU-MIMO are aimed for two entirely different scenarios - MU-MIMO is targeted towards a high load scenario, increasing the served traffic, while SU-MIMO maximizes peak rate and is intended primarily for low load scenarios or situations with good cell isolation. Furthermore, since SU-MIMO will be supported in the downlink, it makes sense to match the downlink 4x4 peak rates also in the uplink. WLAN like scenarios and fixed wireless are particularly likely to benefit from uplink SU-MIMO. Peer-to-peer traffic patterns should also be kept in mind. Relaying is another application where SU-MIMO would be beneficial in order to provide a decent balance between uplink and downlink rates. At the same time, an inclusion of uplink SU-MIMO should not delay the time table for an initial E-UTRA release.

Ericsson’s view can thus be summarized as

· SU-MIMO should be a feature of the E-UTRA uplink. Preferably from the start, conditioned on that it does not delay the time table.

· If SU-MIMO turns out to not be supported initially in the standard, the first release should at least be such that it facilitates introducing uplink SU-MIMO at a later stage.

· Although MU-MIMO should also be supported, it cannot be seen as an alternative technique to SU-MIMO since the two schemes have widely different scenarios in mind.

· 64-QAM should also be a feature of the E-UTRA uplink.
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