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1. Summary

Previous results [
] have shown that MIMO is not promising in macrocellular environments compared to existing 3GPP antenna systems.  However, MIMO is being considered for WCDMA in alternative environments (particularly small cells), and RAN has tasked RAN1 to evaluate the performance of MIMO schemes in both macrocells and a micro urban scenario [
] by May [
].  

We show that D-TxAA can outperform PARC in both macro cells and in the low multipath conditions that can occur in small cells (especially indoor environments).  This result is consistent with earlier results, e.g. for PSRC-APP (which also uses closed loop transmit diversity to precode the streams) [
].  Furthermore, we observe that D-TxAA is compatible with (and a logical extension of) closed loop transmit diversity modes already defined in 3GPP.  We therefore propose that D-TxAA be used for the MIMO evaluation in RAN1.

2. Introduction

Earlier contributions have compared mimo schemes (PARC[
] and D-TxAA[
]) to existing HSDPA antenna systems.  Here, we provide some additional comparisons that instead focus on the relative performance of PARC and D-TxAA.  We provide both link and system results.  The system results compare D-TxAA to PARC in a macrocellular environment.  The link results investigate the relative performance in a Pedestrian A as well as a Vehicular A channel, to examine the impact of the presence of small amounts of multipath that can occur in some small cell environments.

These simulations analyze the ideal data throughput of these MIMO techniques and existing HSDPA antenna systems using 2 UE antennas in 3 or 6 sectored systems using the spatial channel model (“SCM”) [
].  Detailed simulation assumptions are provided in Appendix 1, and a description of the D-TxAA technique is provided in Appendix 2 for convenience.  

3. simulations and Discussion

This section provides system simulation results for the various multi-antenna schemes when using the SCM urban macrocellular model with 15 degree angle spread.  The site capacity is provided, and is calculated as the total capacity in all sectors of a node B.    

Table 1 contains additional results beyond those of [
], considering the case where the D-TxAA weights are quantized (using 2 UE antennas and a round robin scheduler). As we can see (and as was observed earlier [1]), there are existing techniques that can provide substantially more data capacity given the same number of transmit and receive antennas, including increased sectorization.  As an example of these techniques, 6-sector systems with 2 UE antennas are shown to provide around 40% gain over 3-sector MIMO systems with 2 Node B transmit antennas per sector. Note that round robin is used in these simulations, but as shown earlier in [8], we expect the relative gains of mimo schemes are not greatly impacted by the use of proportional fair vs. round robin.

Table 1. Simulation results for systems with 2 UE antennas, Round Robin scheduler.

	Node B Tx Ant.
	Sectors
	Scheme (MMSE, RR)
	Capacity/site (Mbps)
	Sectored Capacity / Capacity

	3
	3
	1x2
	4.33
	1 

	6
	3
	2x2 D-TxAA, Mode 1
	5.33
	1.44

	6
	3
	2x2 PARC
	5.1
	1.5

	6
	6
	1x2
	7.67
	1


Link level simulations were also performed for a version of D-TxAA using the mode 2 codebook for various channel conditions. Appendix 3 lists some of the important simulation parameters. Note that these simulation conditions are pessimistic with respect to D-TxAA, since uncorrelated antennas were used (in contrast with the system simulations which used the SCM).  Figure 1 shows the relative performance improvement of D-TxAA over PARC. We see that D-TxAA consistently outperforms PARC  (by as much as 4%) in a variety of conditions, with the best performance in lower multipath channels and at the lower geometries. 
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Figure 1: Throughput of D-TxAA / Throughput of PARC

4. ReferenceS

Appendix 1: D-Txaa description

The adaptive antenna array weights for TxAA are selected to maximize the SINR at the UE and are chosen out of the quantized closed loop transmit diversity codebook using an exhaustive search.  The weight selection is signaled by the UE to the Node-B.  The selected antenna array weights are usually similar to the first eigenvector (corresponding to the maximum eigenvalue) of the MIMO channel.  We also simulated a simple extension to TxAA, which we refer to as dual-stream TxAA (D-TxAA).  For this case, two separate data streams are transmitted on two orthogonal weight sets simultaneously (as shown in Figure 1).  Note that both data streams are transmitted on the same orthogonal spreading code(s).  Thus, this achieves “code reuse.”
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Figure 1. Dual-stream TxAA (D-TxAA).

In addition, it should be noted that the second data stream is only turned on at high SINR conditions.  In other words, for this case, either one data stream or two data streams are transmitted depending on the mobile SNR condition: capacity is computed for two half power data streams and then compared with a single full power data stream.  In general, a variable amount of power can be allocated to each stream in order to maximize capacity at the cost of extra complexity.

D-TxAA transmits the data streams using orthonormal array weight vectors drawn from the closed loop transmit diversity codebook.  Because they are orthogonal, knowledge of one of the two array weight vectors will completely determine the other. In D-TxAA, a second data stream can be transmitted using the second array weight vector to improve throughput.  Since the direction of the second array weight vector is completely specified by knowing the first array weight vector, no additional antenna array information is needed from the UE to support D-TxAA.

Appendix 2: System-Level Model simulation assumptions and method

The WCDMA downlink simulation results in this section were produced using a 19-cell system simulator and the joint 3GPP/3GPP2 SCM channel model [7]. The simulator drops mobiles randomly within the center cell and explicitly models the channels of all sectors in the system.  The throughput of the data mobiles is determined using a modem model based on a quantized set of possible HSDPA data rates (Table 2).  Repeat and combine ARQ is explicitly modeled in this simulator.  The main system simulation parameters are found in Table 3.  Note that the backlobes used for the antenna patterns are a function of the 3 dB beamwidth.  This is consistent with the SCM.  A linear MMSE receiver is assumed for all simulated schemes.

Table 2. MCS selection.

	MCS Level
	SINR Range (dB)

	R=1/4, QPSK
	-Inf < SINR ≤ 0.5

	R=1/2, QPSK
	0.5 < SINR ≤ 4.0

	R=3/4, QPSK
	4.0 < SINR ≤ 5.5

	R=1/2, 16QAM
	5.5 < SINR ≤ 7.5

	R=5/8, 16QAM
	7.5 < SINR ≤ 9.5

	R=3/4, 16QAM
	9.5 < SINR < Inf


Table 3. System simulation parameters.

	Path loss Exponent
	37.6 dB/decade

	Site-to-site Correlation
	0.5

	Shadow Fading Standard Deviation
	8 dB

	Antenna Pattern
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( is the angular deviation from boresight, (3dB is the 3dB beamwidth, and b is the front-to-back ratio of the antenna pattern

	(3dB , b (3 Sector)
	70˚, 20 dB

	(3dB , b (6 Sector)
	35˚, 23 dB

	(3dB , b (12 Sector)
	17.5˚, 26 dB

	Mobile Distribution
	Uniform over Center Cell

	Sites & Sectors Simulated
	19 Sites, 3 or 6 Sectors/Site

	Thermal Noise Power
	8 dB below median reference received power at cell corner (with 3 sector, 1x1 as reference)

	Serving Site Selection Method
	Maximum mean power

	UE Speed
	3 km/h

	Channel Estimation
	Ideal for serving sector, only average power of other sectors known

	Linear MMSE Receiver
	21 chip-spaced taps per antenna

	Feedback Channel
	No feedback errors

8 slot MCS feedback delay

1 slot antenna array feedback delay

	Traffic Model
	Infinite queue (for reduced simulation run-time)

	Scheduler
	Round Robin (RR)

	Channel Model
	SCM Urban Macro w/ 15˚ angle spread

	UE Capability
	5 HS-PDSCH Codes with 5/16 of total power, other codes modeled spatially noise-like with remainder of power


The procedure for computing the performance is as follows: (1) Compute the signal-to-interference plus noise ratio (SINR) at the output of the MMSE or RAKE filters per TTI (3 contiguous slots).  (2) Select the MCS that maximizes the throughput.  (3) Look up the packet error rate (PER) and declare a packet in error based on a random draw.  (4) In case of packet error, apply ARQ.  The SINR of the repeated packet is added to the first packet (Chase combining).  A new PER value based on the improved SINR is determined and the process is repeated, as needed.  The AMC is held fixed until the packet is successfully received.

Appendix 3: LINK-Level Model simulation assumptions

	Parameters
	Value
	Remarks

	Number of Tx Antennas
	2
	

	Number of Rx Antennas
	2
	

	Overhead Channel Power per Antenna
	5%
	10% total out of both antennas

	Pilot Power per Antenna
	5%
	10% total out of both antennas

	Pulse Shaping
	Sqrt. Raised Cosine, alpha=0.22
	

	Sampling Rate
	2x3.84x106
	2X sampling

	HS-PDSCH Code space
	12 of 16
	

	Channel Models
	Pedestrian A

Vehicular A
	

	UE Speed
	3 km/h
	

	Antenna Correlation
	Uncorrelated
	

	Slots between TTIs allocated to a UE
	9 slots
	i.e. 1 in 4 TTIs allocated to a UE

	Number of HARQ processes
	1
	

	HARQ Feedback Mode
	Per Stream
	Independent

	Antenna Feedback Quantization
	Mode 2
	

	Receiver Type
	Linear Space-Time MMSE
	33 Taps per receive antenna

	Channel Estimation
	Ideal
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