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1. Introduction

According to the E-UTRA DL requirements in [1], the targets of E-UTRA cannot be achieved by single stream transmission. As a consequence, multi-stream transmission from the base station needs to be an integral part of E-UTRA functionality and therefore needs to be standardized as a set of E-UTRA features. 
Open loop (OL) MIMO transmission methods, where no feedback save CQI and HARQ feedback is assumed, are necessary for outdoor-to-outdoor and outdoor-to-indoor cellular scenarios, where either the UE or a dominant reflector may be moving with vehicular speeds. A number of OL MIMO proposals have been contributed to 3GPP LTE [3]-[7]. 

In [8], an initial comparison of two (spatial multiplexing) rate 1 OL schemes for 4 Tx antennas was presented. The compared schemes were the Sub Coding Based Transmit Diversity (SCTD) code proposed in [6], and the quasi-orthogonal diagonal ABBA-code proposed in [7], referred to as diagABBA in this document. The former is a concatenation of the well known STTD (or SFTD) transmit diversity scheme and hopping between antenna pairs.  The latter, as correctly observed in [8], can be interpreted as SCTD with precoding in the symbol domain. For SCTD, a matched filter receiver is optimal. For diagABBA, the simplest receiver with acceptable performance is a zero forcing or LMMSE one.
In this document, we repeat the evaluation in [8], and arrive at slightly different conculsions. In addition, we extend the analysis to the rate 2 schemes propsed in [6] and [7]. In [6], the proposed rate 2 scheme is the Double STTD scheme originally proposed for HSDPA in [9]. In [7], a Double ABBA scheme is proposed for evaluation. 
2. Simulation parameters
In this contribution we evaluate the performance of the spatial multiplexing rate 1 and rate 2 open-loop MIMO proposals of [6] and [7]. All transmissions are multiplexed in frequency as opposed to time. We use a matched filter receiver for SCTD and LMMSE for the other schemes. The results have been created assuming the basic OFDMA parameter set for the 10MHz case and the frame timing of [2]. Other basic simulation assumptions can be found in Table 1. 
	OFDM parameters
	According to [2], 10MHz case (600+1 subcarriers)

	Subframe length
	0.5ms according to [2]

	Antenna setup
	4TX and 2RX antennas

	Channel model
	Pedestrian B, i.i.d. spatial fading

	UE speed
	v=30 km/h

	User allocation of shared channel
	5 full OFDM symbols

	Receivers
	Matched filter, LMMSE, max-log-MAP soft bits

	Channel estimation
	Real channel estimation. 

	Pilot configuration
	For each antenna, pilots in every 6th subcarrier, in 1st and 5th OFDM symbol. Staggered in time.


Table 1. Simulation parameters 
3. Results

Throughputs of the rate 1 schemes with QPSK and 16-QAM modulations and channel code rates ½ and ¾ are depicted in Figure 1. These curves are in slight contradiction to the observations of [8]. With LMMSE receiver, the performance of diagABBA is virtually indistinguishable from SCTD, except for 16-QAM modulation with a high rate code, where we observe a small gain in favour of diagABBA, as opposed to the small losses reported in [8]. These differences are likely to be a consequence of different soft bit generation used here and in [8].
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Figure 1. Throughputs of rate 1 schemes

In Figure 2, the throughputs of the rate 2 schemes with QPSK and 16-QAM modulations and channel code rates ½ and ¾ are depicted. The trend is the similar as in Figure 1. With LMMSE receivers and code rate ½, the performances of DSTTDE and DABBA are virtually the same. With code rate ¾, a performance gap of 0.3 to 0.7 dB opens in favour of DABBA. 
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Figure 2. Throughputs of rate 2 schemes

4.  Conclusion.
Performance comparisons of 4-Tx-antenna OL MIMO schemes were presented with LMMSE receivers. Differences between schemes with more and less diversity were observed to be small.  The relative performances may be different if advanced receivers performing approximate maximum likelihood detection are applied. Such receivers may be required to reach good performance for MIMO transmissions with high spatial multiplexing rate. If such receivers are implemented, they may be used to receive schemes with lower spatial multiplexing rates as well. This issue will be addressed in coming contributions. 
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