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1. Introduction

This contribution presents system level simulation results of Rel. 7 MIMO from the viewpoint of the user throughput and the average cell throughput according to the way forward agreed to as described in [1],[2]. We evaluated two MIMO schemes, Per-Antenna Rate Control (PARC) [3]-[5] and Dual-stream Transmit Antenna Arrays (D-TxAA) [6]-[8], that employ a linear minimum mean squared error (LMMSE) receiver or a successive interference cancellation (SIC) receiver in the urban microcellular scenario agreed upon in [9]. 

2. Evaluated Techniques

In the system level evaluation, we compared the following three types of transmission techniques using an NTX transmitter- and NRX receiver-antenna branch configuration denoted as NTX x NRX. 

For the baseline scheme:

· 1 x 2 antenna branch configuration with an LMMSE receiver

For the MIMO scheme:

· 2 x 2 antenna branch configuration employing a multi-coded word PARC algorithm with an LMMSE receiver or an SIC receiver [3]

· 2 x 2 antenna branch configuration employing D-TxAA algorithm with an LMMSE receiver or an SIC receiver [6]

3. Simulation Conditions

3.1. Simulation Parameters

The system level simulation parameters are in accordance with the agreed simulation assumptions in [8],[9]. Tables 1 and 2 summarize the major simulation parameters and the combinations of modulation and coding schemes (MCSs) assumed in the simulations. The following descriptions explain some of the important simulation assumptions.

Table 1 – System simulation parameters
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Table 2 – MCS sets

[image: image2.wmf]8.4 Mbps

7/8

16QAM

9

7.2 Mbps

3/4

16QAM

8

1.2 Mbps

1/4

QPSK

1

Data rate / stream

Coding rate (

R

)

Data modulation

MCS

3.0 Mbps

5/8

QPSK

4

2.4 Mbps

1/2

QPSK

3

1.8 Mbps

3/8

QPSK

2

6.0 Mbps

5/8

16QAM

7

4.8 Mbps

1/2

16QAM

6

3.6 Mbps

3/4

QPSK

5

8.4 Mbps

7/8

16QAM

9

7.2 Mbps

3/4

16QAM

8

1.2 Mbps

1/4

QPSK

1

Data rate / stream

Coding rate (

R

)

Data modulation

MCS

3.0 Mbps

5/8

QPSK

4

2.4 Mbps

1/2

QPSK

3

1.8 Mbps

3/8

QPSK

2

6.0 Mbps

5/8

16QAM

7

4.8 Mbps

1/2

16QAM

6

3.6 Mbps

3/4

QPSK

5


(1) Cell layout

The deployment scenarios in the simulation are

· An Urban Micro scenario according to the model for the environment “urban microcell” in [11] using the inter-site distance (ISD) of 1000 m. We assume a 6-dB reduction in interference from non-serving cells [9], which is a favorable condition for MIMO deployment owing to the increased probability of a high signal-to-interference plus noise power ratio (SINR) region.

The simulated system consists of a 19-cell hexagonal deployment with 3 sector/cell-site using a wrap around method to avoid border effects. We consider the case of 10 UEs per sector.

(2) Channel model

The channel model is based on the spatial channel model (SCM) of the “urban microcell” [11]. For inter-cell interference modeling, as described in [9], the strongest eight sectors are modeled by SCM while the remaining sectors are modeled by spatially white Gaussian noise processes whose variances are based on a flat Rayleigh fading process.

(3) Traffic model

A full-buffer traffic model is assumed in each sector.

(4) Power allocation to HS-PDSCH

Power allocation to High Speed-Physical Downlink Shared Channel (HS-PDSCH) is 50% as a typical value described in [9].

(5) UE receiver structure

Each UE receiver has two receiver-antenna branches. We employ an LMMSE receiver or an SIC receiver under the condition of ideal channel estimation and path timing detection. For an LMMSE receiver, the equalizer window size is E = 16 chips. 

(6) CQI feedback

The receiver feeds back the received SINR of the respective streams at the output of an LMMSE receiver or an SIC receiver. We assumed quantized CQI feedback of 5 bits per stream with the quantized resolution of 1 dB, CQI feedback error of 0.2%, and the CQI feedback delay of 3TTI (= 6.0 msec) [9].

(7) Packet scheduling

Proportional fairness scheduling is assumed in each sector.

(8) Rank adaptation
Rank adaptation, which adaptively controls the number of transmitted streams according to the received SINR, is assumed both in the PARC and D-TxAA MIMO schemes. Concerning a single-stream transmission mode, a single antenna transmission scheme with a higher received SINR is employed in the PARC [5] while R99 transmit diversity of closed loop mode 1 is assumed in the D-TxAA [6] in this evaluation. 

(9) Antenna weights in D-TxAA

Ideal conditions (un-quantized antenna weights and no feedback information (FBI) error of weight information) and realistic conditions (quantized antenna weights based on R99 closed loop mode 1 codebook (two-bit resolution) and 4% FBI error of weight information [9]) are assumed in this evaluation.
3.2. Link-to-System Interface

The overall procedure of the system level simulation is as follows.
(i) The SINR value at the output of an LMMSE or SIC receiver is calculated for each stream per TTI [3].

(ii) According to the reported SINR value, packet scheduling is applied and the number of transmission streams and MCSs are selected for the scheduled UE, which satisfies the initial transmission packet error rate (PER) of less than 10%. When two streams exist, the packet scheduling is performed based on the received SINR value averaged over the two streams, while the MCS selection is independently performed based on the received SINR value of each stream.

(iii) Whether the packet transmission is successful or not is determined by the lookup table of the PER performance in an AWGN channel using a random draw [6]. When a packet error occurs, the throughput of the corresponding stream becomes zero. Otherwise, the throughput value equals the data rate of the selected MCS.

(iv) In the case of a packet error, hybrid ARQ is applied. For a retransmitted packet, the received SINR value is updated assuming Chase combining and a packet error is declared with the updated SINR value. Note that the MCS is fixed until the packet is successfully decoded.

In Steps (i) and (iv), the calculation of the SINR and throughput is performed assuming the following method.

(1) Calculation method of received SINR and throughput in LMMSE receiver [14]

The weight matrix W (matrix size of NTX(E + ) x NRXE), in an LMMSE receiver is calculated by Eq. (1). 
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where 2 is the interference from other sectors and cell-sites plus noise power. Furthermore, H represents the channel matrix (matrix size of NRXE x NTX(E + )) which is given by
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  (2)

where Hij (matrix size of E x (E + )) consists of the channel impulse response from the j-th transmitter antenna branch to the i-th receiver antenna branch of the l-th path (l = 1, 2, …, L) , hi,j(l), and is given by
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In the simulation, we assumed ideal path timing detection and ideal channel estimation, i.e., Hij is assumed to be estimated ideally at the UE. It should be noted that this assumption is advantageous for MIMO especially with an SIC receiver, since the impact of the path timing error and channel estimation error strongly affect the signal separation accuracy and the accuracy of the interference cancellation in SIC. Then, the received SINR of the i-th stream at the output of an LMMSE receiver is given by
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where wj is the j-th row vector of weight matrix W and hk is the k-th column vector of the channel matrix H. Using Eq. (4), the throughput of each stream is calculated. 

(2) Calculation method of received SINR and throughput in SIC receiver 

The calculation method of the received SINR and throughput in an SIC receiver assumed in this contribution is summarized in Fig. 1 [3]. In this method, we compare the expected PER of two streams using the estimated received SINR after LMMSE filtering in the initial stage. Then, we decode the stream having the lower expected PER. If this stream is successfully decoded, we assume the ideal cancellation of the Common Pilot Channel (CPICH) and HS-PDSCH of this stream, and the remaining other stream is decoded using the resultant received signals after cancellation. Meanwhile, if the selected stream is decoded erroneously, we do not perform the cancellation of the CPICH and HS-PDSCH of that stream. The remaining other stream is decoded using the originally received signals, i.e., the received signals without cancellation.
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Figure 1 – Calculation method of received SINR and throughput in an SIC receiver

(for MIMO with two streams)
4. Simulation Results

Figure 2 plots the cumulative distribution function (CDF) of the user throughputs employing PARC or D-TxAA in an Urban Micro scenario assuming the ideal conditions for D-TxAA such as un-quantized antenna weights and no FBI error. Figure 2 shows that D-TxAA can increase the user throughput by approximately 3 – 5% compared to PARC at the CDF of 50% assuming the same receiver structure (LMMSE or SIC), and that D-TxAA applying the LMMSE receiver achieves almost the same user throughput as PARC employing the SIC receiver. The figure also shows that by employing D-TxAA with rank adaptation and with ideal transfer of feedback information bits, user throughput at the 50% CDF is increased by approximately 20% compared to a single-antenna transmission with two-branch antenna diversity reception (1 x 2 LMMSE).  
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Figure 2 – CDF of user throughput in Urban Micro environment

(Un-quantized antenna weights and no FBI error of weight information for D-TxAA)
Next, Fig. 3 shows the CDF of the user throughput assuming the realistic conditions for D-TxAA, i.e., with quantized antenna weights and FBI error of 4%. Figure 3 shows that D-TxAA employing the LMMSE receiver with the quantized antenna weights and FBI error achieves a lower user throughput than PARC employing the SIC receiver and that the resultant user throughput is almost the same between D-TxAA and PARC when the LMMSE receiver is used. This is caused by the reducing gain of D-TxAA through quantized antenna weights and the FBI error of 4%. Similarly, the user throughput employing the SIC receiver is almost identical between D-TxAA and the SIC receiver when realistic feedback information bits are considered for D-TxAA. Therefore, we see that the throughputs using D-TxAA and PARC are almost identical assuming the same receiver architecture. Figure 3 also shows that the user throughput gain of 2 x 2 MIMO multiplexing employing PARC or D-TxAA with the LMMSE and the SIC receiver over 1 x 2 LMMSE receiver is approximately 10% and 16% at the CDF of 50%, respectively.
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Figure 3 – CDF of user throughput in Urban Micro environment

(Quantized antenna weights and 4% FBI error of weight information for D-TxAA)
Table 3 summarizes the system-level cell throughput in the Urban Micro scenario for the respective MIMO schemes. The average cell throughput is defined as the average sector throughput in each sector. As shown in the table, the cell throughput gain by 2 x 2 MIMO using PARC or D-TxAA assuming quantized antenna weights with FBI error from the 1 x 2 (3-sector) with an LMMSE receiver is approximately 10% or 17% with the LMMSE or SIC receiver, respectively. 

Table 3 – System level gains in average cell throughput in Urban Micro scenario
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We would like to derive the following conclusions from the simulation results.

· There was no distinct difference observed between PARC and D-TxAA either in the user throughput or cell throughput employing LMMSE and SIC taking into account the realistic feedback information bits for D-TxAA
· The gain in the user- and cell throughputs by 2 x 2 MIMO using PARC or D-TxAA from the single-antenna transmission with two-branch antenna diversity reception is not large, i.e., only approximately 17%. Therefore, further investigation on the implementation impact particularly for the UE is necessary keeping the tradeoff between the gain and implementation impacts in mind. 
5. Conclusion

This contribution presented the system level simulation results for MIMO-WCDMA using PARC or D-TxAA and showed their gains compared to the 1 x 2 antenna-branch configurations in the urban micro environment agreed upon in [8], i.e., ISD = 1000 m and a 6 dB reduction in interference from non-serving cells. We would like to conclude the following from the simulation results.

· There was no distinct difference was observed between PARC and D-TxAA either in the user throughput or cell throughput employing LMMSE and SIC taking into account the realistic feedback information bits for D-TxAA

· The gain in the user- and cell throughputs by 2 x 2 MIMO using PARC or D-TxAA from the single-antenna transmission with two-branch antenna diversity reception is not large, i.e., only approximately 17%. Therefore, further investigation on the implementation impact particularly for the UE is necessary keeping the tradeoff between the gain and implementation impacts in mind. 
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