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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, closed-loop spatial multiplexing brings much benefit e.g. a) enhancement of the average and cell-edge user throughput via single rank beam forming [2]-[6] and b) enhancement of the peak spectrum efficiency using multiple layers. In order to obtain those benefits efficiently, precoding scheme should be investigated. In this contribution, we evaluate BLER performance with or without precoding for LTE-Adv SU-MIMO.
2. Precoding for LTE-Adv uplink
As summarised in [2]-[6], followings would be baseline precoding operation for LTE-Adv uplink, considering backward compatibility to Rel-8 LTE, reusing the LTE component or simplicity.
i) Codebook based precoding via PMI indication on corresponding PDCCH for UL assignment;
ii) Reference signal (RS) e.g. Sounding-RS (SRS) and/or demodulation-RS (DM-RS) would be used for PMI/rank selection;
iii) UE shall not override eNB recommendation.

In addition, followings are our current view for uplink precoding.
a. Low cubic metric should be kept in particular single rank transmission, so the codebook with constant modulus property and frequency non-selective precoding are preferable in case of DFT-s-OFDM.
b. As design criteria for LTE DL-MIMO, nested property and limited constellation (e.g. up to 8PSK) would be maintained for less rx-side search complexity even though eNB implementation may allow a certain level of complexity than that for UE.
3. Numerical analysis
Considering above points, we evaluate BLER performance with or without precoding for LTE-Adv SU-MIMO. Evaluated antenna configurations are 2×2 and 2×4, respectively, assuming 2tx codebook for LTE DL-MIMO [7]. The performance without precoding is evaluated assuming fixed single antenna transmission for Rank1 and identity matrix for Rank2, respectively. Other PMI related parameters are error-free PMI indication with 1ms delay assuming frequency non-selective allocation for continuous 6RBs which is aligned with allocated bandwidth for PUSCH and DM-RS. DM-RS is assumed as non-precoded transmission. The other simulation parameters used are listed in appendix part.
Figure 1 shows the BLER performance of DFT-s-OFDM on Rank1 transmission of QPSK (R=1/2) with or without precoding for 2×2 and 2×4 antenna configurations, respectively. The results indicate precoding has much performance improvement at BLER = 10% by 2.3 dB for 2×2 and 2.0 dB for 2×4, respectively.
Other DFT-s-OFDM results for both Rank1 and Rank2 are described in appendix part. In these cases, we also observe the results with Rank1 precoding have performance improvement compared those without precoding, while Rank2 precoding has marginal or no performance improvement, which is basically aligned with previous results on LTE DL-MIMO [8]. In addition, comparison with precoded DM-RS is described in appendix part, which shows marginal gain of Rank1 precoded DM-RS by around 0.2 dB in case of R=1/3. OFDM results are also included in appendix part. We can observe similar tendency as DFT-s-OFDM, namely Rank1 precoding has performance improvement while Rank2 precoding has marginal performance improvement.
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Figure 1 BLER performance (Rank1, QPSK R=1/2, 3km/h, DFT-s-OFDM)

4. Conclusion
In this document, we evaluated BLER performance with or without precoding for LTE-Adv SU-MIMO. According to the link simulation results with 2tx codebook for LTE DL-MIMO, Rank1 precoding has much performance improvement at BLER = 10% by 2.3 dB for 2×2 and 2.0 dB for 2×4, respectively. Therefore we propose to keep study codebook based precoding for closed-loop spatial multiplexing. Further investigation is necessary for Rank2 case 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

	Precoding
	2tx codebook for LTE DL-MIMO

	PMI signalling
	Error-free indication with 1 ms delay

	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
	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 Rank1 results with DFT-s-OFDM>
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(a) Rank1, QPSK, 120km/h
[image: image3.emf]Rank1, TU6, UL DFTs-OFDM, 16QAM (R=1/2), 6RB, 3km/h, rx_corr = 0.5
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[image: image4.emf]Rank1, TU6, UL DFTs-OFDM, 16QAM (R=1/2), 6RB, 120km/h, rx_corr = 0.5
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(b) Rank1, 16QAM, 3km/h                                                               (c) Rank1, 16QAM, 120km/h
Figure A- 1 BLER performance (Rank1)

<Other Rank2 results with DFT-s-OFDM>
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[image: image6.emf]Rank2, TU6, UL DFTs-OFDM, QPSK (R=1/2), 6RB, 120km/h, rx_corr = 0.5
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(a) Rank2, QPSK, 3km/h                                                               (b) Rank2, QPSK, 120km/h
[image: image7.emf]Rank2, TU6, UL DFTs-OFDM, 16QAM (R=1/2), 6RB, 3km/h, rx_corr = 0.5
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[image: image8.emf]Rank2, TU6, UL DFTs-OFDM, 16QAM (R=1/2), 6RB, 120km/h, rx_corr = 0.5
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(c) Rank2, 16QAM, 3km/h                                                               (d) Rank2, 16QAM, 120km/h
Figure A- 2 BLER performance (Rank2)

Note: In case of 16QAM, 2x2 results show error floor above 10%. Efficient channel estimation method should be investigated further. In addition, assuming DFT-s-OFDM, cubic metric for Rank2 should be considered as indicated in [9]. Our preliminary analysis on cubic metric shows that the evaluated codebook increases cubic metric by 1.3 dB for QPSK and 0.9 dB for 16QAM, respectively, which results in Rank2 without precoding might be reasonable choice.
<Comparison with precoded DMRS for DFT-s-OFDM>
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(a) Rank1, QPSK, R=1/3, 3km/h                                                   (b) Rank1, QPSK, R=1/3, 120km/h
[image: image11.emf]Rank1, TU6, UL DFTs-OFDM, QPSK (R=1/8), 6RB, 3km/h, rx_corr = 0.5
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[image: image12.emf]Rank1, TU6, UL DFTs-OFDM, QPSK (R=1/8), 6RB, 120km/h, rx_corr = 0.5
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(c) Rank1, QPSK, R=1/8, 3km/h                                                   (d) Rank1, QPSK, R=1/8, 120km/h
Figure A- 3 BLER performance (Rank1)

<Rank1 & Rank2 results with OFDM>

[image: image13.emf]Rank1, TU6, UL OFDM, QPSK (R=1/2), 6RB, 3km/h, rx_corr = 0.5
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[image: image14.emf]Rank1, TU6, UL OFDM, 16QAM (R=1/2), 6RB, 3km/h, rx_corr = 0.5
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(a) Rank1, QPSK, 3km/h                                                               (b) Rank1, 16QAM, 3km/h
[image: image15.emf]Rank2, TU6, UL OFDM, QPSK (R=1/2), 6RB, 3km/h, rx_corr = 0.5
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[image: image16.emf]Rank2, TU6, UL OFDM, 16QAM (R=1/2), 6RB, 3km/h, rx_corr = 0.5
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(c) Rank2, QPSK, 3km/h                                                               (d) Rank2, 16QAM, 120km/h
Figure A- 4 BLER performance







