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1. Introduction

This paper discusses open loop configurations for MIMO DL in EUTRA and presents comparisons among three multiple antenna schemes. At high speeds (say 250 km/hr), CQI and channel feedback become outdated for the next transmission – in this case gains due to scheduling are difficult to obtain. This motivates open loop schemes using multiple antennas. In addition, it motivates the use of transmit diversity and space-time coding methods to improve performance and increase robustness. 

As agreed in previous meetings, we assume distributed mapping of carriers to each virtual resource block (subchannel) which provides frequency diversity. We examine the performance tradeoffs for two types of traffic scenarios: 1) delay intolerant where hybrid ARQ is not usable, 2) delay tolerant where hybrid ARQ is usable. 

Specifically, we look at links with the following configurations assuming 2 antennas at the UE: 2x2 MIMO with horizontal encoding (HE), 2x2 MIMO with vertical encoding (VE) and 4x2 MIMO with rate two space-time coding (STC). The goal is to compare these three modes, each having the same data rates, to gain insight in the performance vs. complexity tradeoffs. 

2. Open Loop MIMO Schemes

We assume an “open loop” transmission scenario in the DL , i.e. Per Antenna Rate Control (PARC) [2] type adaptation of the modulation and coding scheme (MCS) level is not done. Thus, the same modulation and coding scheme (MCS) is transmitted in both the streams. 
Figures 1, 2 and 3 show the MIMO schemes considered here: 2x2 MIMO with horizontal encoding, 2x2 MIMO with vertical encoding and 4x2 MIMO with rate two space-time coding. The DSTTD scheme is used for the 4x2 MIMO configuration, so that the transmit data rates are the same in all cases for a fair comparison.
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Figure 1. 2x2 MIMO spatial multiplexing with Horizontal Encoding.
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Figure 2. 2x2 MIMO spatial multiplexing with Vertical Encoding.
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Figure 3. 4x2 MIMO with space-time coding.

The DSTTD code is given by 
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3. DL Numerology and simulation parameters
	Carrier frequency
	1.9 GHz

	Sampling frequency
	7.68 MHz

	Number of total OFDM sub-carriers
	512

	Sub-carrier spacing
	15 kHz

	Number of used sub-carriers (including DC)
	301

	OFDM symbol duration
	68  s

	Subframe duration
	7 OFDM symbols = 0.50 ms

	Number of carriers per subchannel/resource block
	15

	Subchannel carrier mapping
	distributed

	Number of subchannels
	20

	Pilot and control 
	1st OFDM symbol


The OFDM parameters used are specified in the table above and are in accordance to [1]. In our simulations, we assume that the perfect channel is available at the UE and since the 1st OFDM symbol carriers the pilot and control data, only six OFDM symbols are available from data transmission. In an actual MIMO transmission schemes, pilots may be assigned in other (5th) OFDM symbols along with the 1st OFDM symbol – but for the purposes of our simulations it suffices to assume that a total of 6 OFDM symbols are used for data transmission.

In the transmission schemes, a random distributed mapping of carriers to each virtual resource block is used. We present simulations for two scenarios: With and without Hybrid ARQ. 

The simulation parameters are described below:
Modulation: QPSK 
One turbo code block per TTI over used subchannels (based on UTRA Release 6 specifications)
Number of subchannels used for transmission = 5 
Code rate = ½ rate turbo code

Channel conditions = GSM 6-ray Typical Urban, at 250 km/hr

Receiver structure – Minimum Mean Square Error (MMSE)  (and Maximum Likelihood (ML) for reference)

MIMO channel model = Kronecker model, with exponentially decaying correlation parameterized by the transmit and receive parameters ρt and ρr, the channel correlation is given by 
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4. Simulation Results
4.1 Without HARQ
In [3], we presented simulations results from similar numerology as above albeit with localized carrier mapping.  Assuming that the MIMO channel correlations are equal to zero, it was observed that compared to SM-HE, SM-VE has about 1.75 to 2.2 dB SNR gains for packet error rates (PER) of 10e-2 and 10e-3 respectively for ML receivers. This is because of the spatial transmit diversity available to VE but not HE. This trend was also observed when spatial channel correlations are high, however the difference between HE and VE decreases due to the reduced rank in the spatial domain. For distributed carrier mapping, we observed similar results – as a result we conclude that SM-VE is a better option than SM-HE in the open loop case. 
In Figure 4, we compare PERs of SM-VE and STC 4x2 for distributed carrier mapping. Note that with zero spatial correlation, increasing the number of transmit antennas from 2 to 4 and using STC gives about 1.65 to 1.8 dB gain dB SNR gains for PERs of 10e-1 and 10e-2 for MMSE receivers (and similarly for ML receivers which is provided as a reference). 
To observe the behaviour for high spatial channel correlation, we simulated with ρt = 0.7 and ρr = 0.7. As expected, correlation reduces the available independent degrees of freedom in the channel and the curves shift to the right - by about 3.5 dB and 3 dB for SM-VE and STC 4x2 respectively for MMSE receivers. The difference between SM-VE and STC 4x2 increases (1.8 to 2 dB gain dB SNR gains for PERs of 10e-1 and 10e-2 for MMSE receivers ) since STC 4x2 is able to exploit the degrees of freedom in the spatial channel more efficiently than SM-VE.
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Figure 4. Comparison of SM-VE and STC 4x2 for 4-QAM, 250km/hr, TU channel, with i.i.d (ρt=0 and ρr=0) and high correlation (ρt=0.7 and ρr=0.7).

4.2 With HARQ

Figure 5 shows the spectral efficiency(SE) plots for SM-VE and STC 4x2 for distributed carrier mapping with HARQ Type-II. The maximum number of re-transmissions is 3 and the delay between retransmissions is 3 subframes. In general, the STC 4x2 schemes has higher performance than the SM-VE scheme. 

For spatially i.i.d channel, the gap between the spectral efficiencies is small for low SNRs, however it increases to about 0.08 bits/sec/Hz for medium SNRs (6 – 8 dB) and becomes about 0.12 bits/sec/Hz at about 9 dB. Note the nearly 2 dB advantage for STC 4x2 to achieve the maximal SE of 2 bits/sec/Hz.

For high correlation (ρt = 0.7 and ρr = 0.7), the advantage of STC 4x2 is even higher – about 0.2 to 0.4 bits/sec/Hz for SNRs 8-12 dB. In addition, STC 4x2 has about 3 dB advantage to achieve maximal SE.
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5 Discussion and Conclusion

We make the following observations:

1. For high mobility UEs in shared channels, open loop transmissions schemes which provide spatial diversity such as the above 4x2 STC must be considered, since scheduling gains cannot be achieved due to lack for accurate CQI. 

2. In the presence of 4 transmit antennas [4], and assuming 2 receive antennas at the UE, STC methods provide considerable gains compared to non-diversity methods (spatial multiplexing or MIMO) for high data rates (2x). This is especially true in the presence of high spatial correlation in the channel – thus open loop STC methods can be effectively used to improve throughput in low rank channels. 

3. HARQ can be used to improve performance in MIMO, however, STCs can provide additional gains in the presence of HARQ.

4. In addition to the hardware complexity increase of two more antennas and transmit chains, the 4x2 scheme has a much higher decoding complexity, memory requirements and delay compared to the 2x2 schemes.

5. Compared to non-diversity methods, STC and other diversity methods like cyclic delay diversity (CDD) [5] also have the advantage of higher coverage area or better performance for cell edge users. 

6. In view of results in Section 4.1 (Without HARQ), the above observations are also applicable for the DL control channel and broadcast channels as also pointed in [5]. 
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