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1. Introduction

As listed in the skeleton of RAN1 TR [1], extended uplink multi-antenna transmission should be investigated for LTE-Adv. For the multi-antenna transmission scheme, open-loop transmit diversity (OL-TxD) using multiple RF chains is attractive feature. OL-TxD brings much benefit e.g. a) enhancement of cell-edge user throughput even for the case closed-loop control doesn’t work and b) reduction of the required transmit power for uplink control channel [2]-[8]. In this contribution, we compare CDD, STBC and FSTD as major candidates for uplink OL-TxD.
2. OL-TxD for LTE-Adv uplink
As discussed in [2]-[8], some points should be considered for uplink OL-TxD e.g. low cubic metric properties, reference signal overhead. Followings are current view for uplink OL-TxD candidates:

i) CDD
CDD provides simple implementation which is applicable for either DFT-s-OFDM or OFDM. Only a single sequence for CDD precoded reference signal (RS) is necessary for demodulation. Small delay CDD would be preferable than large delay CDD since the former enables better channel estimation by frequency domain interpolation even with limited pilot resources in LTE-Adv uplink. For eNB receiver algorithm, simple LMMSE based frequency domain equalizer would be sufficient same as SIMO case.
ii) STBC/SFBC
Theoretically STBC/SFBC provides full-rate full-diversity assuming 2 transmit antenna case. One sequence per transmit antenna for RS is necessary for demodulation. Assuming DFT-s-OFDM, STBC is more preferable than SFBC since the latter increases cubic metric value. In other words OFDM is preferable for SFBC, while either DFT-s-OFDM or OFDM can be applied to STBC without any difficulty. For eNB receiver algorithm, joint space and frequency domain STBC decoding would be necessary [9], even though higher order modulation e.g. 16QAM may require further refinement for decoding algorithm. In addition, STBC requires even number of DFT-s-OFDM symbols for Alamouti encoding.
iii) FSTD

FSTD also provides simple implementation at transmitter side e.g. 1) RB or RB group based switching [4] or 2) subcarrier based switching [6] and keep low cubic metric properties as CDD, which is applicable for either DFT-s-OFDM or OFDM. One sequence per transmit antenna for RS is necessary for demodulation. For eNB receiver algorithm, some modification considering antenna to frequency mapping would be necessary than LMMSE based frequency domain equalizer for SIMO case. FSTD brings switching diversity gain which would provide equal or worse performance than STBC/SFBC bringing MRC gain.
3. Numerical analysis
Considering the points discussed in the previous section, we compare BLER performance between (small-delay) CDD and STBC for LTE-Adv uplink assuming DFT-s-OFDM. Evaluated antenna configurations are 2×2 and 2×4, respectively. Both ideal and real channel estimations are evaluated in order to verify the impact of single/multiple sequences for RS assuming allocated bandwidth for PUSCH and demodulation-RS (DM-RS) are identical to each other. Performance on low and high mobility scenarios i.e. 3 and 120 km/h are evaluated. The other simulation parameters are listed in appendix part.
Figure 1 shows the BLER performance on uplink OL-TxD using QPSK (R=1/2) for 2×2 and 2×4 antenna configurations, respectively. The results show that in case of real channel estimation CDD and STBC have almost similar performance within 0.2 dB difference, while in case of ideal channel estimation CDD have around 0.9 dB for 2×2 and 0.4 dB for 2×4 performance loss at BLER = 10% compared to STBC.
Figure 2 shows the results of 16QAM (R=1/2). For 2×4 case CDD have around 0.7 dB performance gain compared to STBC with real channel estimation, while CDD and STBC have almost similar performance within 0.2 dB difference with ideal channel estimation. For 2×2 case CDD and STBC have almost similar performance with real channel estimation, while CDD have around 0.8 dB performance loss compared to STBC with ideal channel estimation.
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Figure 1 BLER performance (QPSK, R=1/2, 3km/h)
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Figure 2 BLER performance (16QAM, R=1/2, 3km/h)

4. Conclusion
In this document, we compared BLER performance between CDD and STBC for LTE-Adv uplink. According to the link simulation results with DFT-s-OFDM, in case of real channel estimation CDD and STBC have almost similar performance within 0.2 dB difference, in addition CDD have 0.7 dB performance gain for 2×4 antenna configuration with 16QAM, even with simpler decoding algorithm at eNB. Furthermore STBC has some restriction e.g. even number of DFT-s-OFDM symbols for Alamouti encoding and multiple sequences for reference signals. Therefore we propose to study CDD for uplink OL-TxD as a main candidate. Further investigation is necessary for comparison with frequency hopping and DM-RS transmission scheme.
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Appendix

Detailed simulation parameters are listed here.

Table A-1 simulation assumptions

	Carrier Frequency
	2GHz

	System bandwidth
	5MHz

	Sampling Rate
	7.68 MHz

	DM-RS / Data bandwidth
	6RB (72 sub-carriers)

	DM-RS generation method
	ZC sequence

root ZC index number = 1, ZC sequence length is aligned with allocated bandwidth

	Number of UE
	1

	Channel model
	TU with Kronecker extension

	Velocity
	3, 120 km/h

	Antenna Configuration
	2x2, 2x4

	Antenna Correlation
	Tx = 0.0, Rx = 0.5

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate
	QPSK, R=1/2, 16QAM, R=1/2

	Channel estimation
	Ideal / Real (Linear interpolation in frequency domain)

	Frequency domain equalization
	LMMSE

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	# of codeword
	Single codeword (MMSE spatial de-multiplexing is applied for 2-layer transmission)

	Frequency scheduling
	N/A

	HARQ
	N/A

	TPC
	N/A

	Frequency hopping between slot
	N/A


<Other results>
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Figure A- 1 BLER performance (QPSK, R=1/2, 120km/h)
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Figure A- 2 BLER performance (16QAM, R=1/2, 120km/h)







