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1.
Introduction
LTE-Advanced is required to provide considerable improvements over Release 8 LTE in cell edge user throughput as well as in average spectral efficiency [1]. Single user uplink MIMO is seen as one of the key techniques to meet the versatile requirements. In 3GPP RAN1 #55bis meeting, precoding for UL SU-MIMO transmission was briefly considered [2]. One of the points discussed was the need for precoded MIMO transmission in LTE-Advanced uplink.  

In this contribution, we focus on the need for closed loop single-stream precoding in addition to open loop transmit diversity transmission. Considered schemes for open loop transmit diversity and frequency selective as well as non-selective precoding are briefly discussed in Section 2. Performance comparison is presented in Section 3 and conclusions are drawn in Section 4.   
2.
Considered Transmission Schemes
The considered closed loop single-stream precoding schemes use fixed codebooks from which eNB selects most suitable precoding vector and signals that to the UE. Demodulation RS is precoded to enhance channel estimation on the cell edge for the demodulation. Thus, non-precoded SRS is needed for precoding vector selection. Used precoding vectors contain evenly spaced elements from complex unit circle, i.e., precoding is restricted to phase.  
Both frequency non-selective as well as frequency selective precoding are considered. In the case of frequency selective precoding, UE resource allocation is divided into multiple sub-parts and eNB selects a precoding vector for each of these sub-part PRBs. In the following, UE allocation is divided into 2 or 4 sub-parts. Frequency selective precoding increases naturally CM of the transmitted signal, but that aspect is not considered further in this contribution. 

Precoding vector signaling with 2-3 bits is sufficient for frequency non-selective precoding. Frequency selective precoding would benefit from larger signaling overhead, but in order to have fair comparison between the precoding schemes, the signaling is set to be quite similar to the one of frequency non-selective precoding. 
There are several potential transmit diversity schemes for PUSCH that provide essentially similar performance, as discussed e.g. in [5]-[9]. In this contribution, STBC [3] is considered merely as an example of the potential transmit diversity schemes. 
3.
Performance Comparison
Performance of single-stream frequency selective and non-selective precoding was compared to the one of open loop transmit diversity in ITU NLOS urban macro-cell channel [4]. Both 2x4 and 2x2 Tx-Rx antenna configurations were considered as well as 4 PRB and 20 PRB user allocations. Simulation parameters are tabulated in Table 1. 
In the case of closed loop single-stream precoding, precoding vectors were selected based on noisy channel information and the precoding vector selection was delayed 4 ms. DM RS were precoded with the same precoding vector as data, thus, providing precoding gain for channel estimation. However, the overhead from SRS required for precoding vector selection was taken into account. Precoding vector signaling with 3 bits is assumed for frequency non-selective precoding, meaning that precoding vector elements are from 8-PSK constellation. In order to have fair comparison between frequency selective and non-selective precoding, signaling is limited to total of 4 bits in the case of frequency selective precoding. This means that the precoding vector elements are from QPSK constellation when the UE resource allocation is divided into 2 sub-parts and from BPSK constellation when the allocation is divided into 4 sub-parts.
In the case of STBC, last SC-FDMA symbol was not punctured, i.e., terminal was assumed to be scheduled on resources without SRS transmissions. Thus, with the assumption of normal CP, there was an even number of SC-FDMA symbols for STBC.     
Table 1 Simulation parameters

[image: image1.emf]Description  Settings

Carrier center frequency  2.0 GHz

System bandwidth 10 MHz

Effective bandwidth  9 MHz (50 PRB)

User allocations 3.6 MHz (20 PRB), 720 kHz (4PRB)

Velocity, fast fading 3 km/h

Cyclic prefix Normal CP

Channel NLOS, urban macro-cell

Tx-Rx antenna configuration  2x4, 2x2

Antenna arrangement Antenna element separation 0.5 lambda in UE, 4 lambda in Node B

Channel estimation Real

Receiver MMSE

Modulation QPSK, 16-QAM, 64-QAM

Coding Rate  1/10 (QPSK), 1/6 (QPSK), 1/4 (QPSK), 1/3, 1/2, 2/3, 3/4, 5/6

HARQ transmissions max 4 transmissions


Envelopes of throughput curves for the simulated set of MCS are shown in Figures 1 and 2 for 2x4 and 2x2 antenna configurations, respectively. Frequency selective and non-selective precoding is referred to as FS and WB (wideband) precoding in the figures. 
In the case of 2x4 antenna configuration, closed loop single stream precoding provides around 1 dB improvement over STBC on the SNR range expected for cell edge user. In the case of 2x2 antenna configuration, the improvement is around 1.5 dB. Improvement on the throughput is in the order of 40%. Performance difference between single stream precoding and STBC diminishes with increasing SNR. In the case of 2x4 antenna configuration, all schemes provide similar throughput around SNR of 8 dB even though 1 SC-FDMA symbol is reserved for SRS in precoded transmission.  Finally, it should be noted that frequency selective precoding does not provide any gain over frequency non-selective precoding with 4 bit feedback signaling.
Based on the presented results, CL single stream precoding provides clear gain over open loop transmit diversity on the cell edge performance. Thus, CL single stream precoding should be supported in LTE-Advanced uplink in addition to open loop transmit diversity and used when arrangement for efficient channel sounding and feedback signaling is feasible. With feedback of only few bits, frequency selective precoding does not provide any additional gains over frequency non-selective precoding. Trade-off between performance gains achievable with frequency-selective precoding and increased amount of feedback signaling remains as an open issue, requiring further careful investigations.
When considering LTE-A TDD system, open loop precoding remains as a potential option. Then the SRS overhead is not necessarily required for UL precoding vector selection, since UE can choose precoding vector based on DL common RS. This can imply further potential throughput increase. However, the performance of open loop precoding should be carefully evaluated in a more realistic environment, e.g, taking into account the non-ideal channel reciprocity.
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Figure 1 Envelope of throughput curves for 4 PRB resource allocation
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Figure 2 Envelope of throughput curves for 20 PRB resource allocation
4.  Summary

The need for closed loop precoding in single-stream transmission was considered in this contribution by comparing the performance of frequency selective and non-selective closed loop precoding to the one of open loop transmit diversity. It was noted that closed loop single-stream precoding can improve performance in the SNR range expected for single stream transmission and provide significant performance improvements on the SNR range typical for cell edge users. When frequency selective and frequency non-selective precoding were compared with similar feedback requirements, it was noted that frequency selective precoding does not provide any performance gains over frequency non-selective precoding. 
Based on the presented results and discussion, it is concluded that

· Closed loop single-stream precoding is needed for LTE-Advanced uplink. However, system level gains from single-stream precoding remain FFS.
· Frequency selective precoding requires larger feedback than frequency non-selective precoding to provide performance gains. Trade-off between increased feedback and achievable gains remains FFS. 
· Need for multi-stream closed loop precoding is FFS

References 
[1] TR 36.913, “Requirements for Further Advancements for E-UTRA (LTE-Advanced)”
[2] R1-090537, “LTE-Advanced MIMO Session Summary”, Samsung
[3] R1-063178, “ST/SF Coding and Mapping Schemes of the SC-FDMA in E-UTRA Uplink”, Alcatel
[4] ITU Radiocommunication Study Groups, Document 5/69-E, “Guidelines for evaluation of radio interface technologies for IMT-Advanced”, 24 October 2008 
[5] R1-083684, “UL MIMO Transmission Schemes in LTE-Advanced”, NTT DoCoMo
[6] R1-083829, “Uplink Transmission Schemes for Multi-Antenna UE”, Motorola
[7] R1-090101, “Discussions on UL  2Tx Transmit Diversity Schemes in LTE-A”, Samsung

[8] R1-090131, “Performances of transmit diversity for PUSCH”, Huawei
[9] R1-090058,
“STBC-II Scheme with Non-Paired Symbols for LTE-Advanced Uplink Transmit Diversity”, Alcatel Shanghai Bell, Alcatel-Lucent
[10] R1-090136,
“Discussion on Transmit diversity for PUSCH in LTE-A”, Nortel 
[11] R1-090217,
“Uplink MIMO Transmission for LTE-advanced”, LG Electronics
[12] R1-090264,
“Views on uplink multi-antenna scheme in LTE-A”,
Panasonic
[13] R1-090391,
“Comparison of uplink transmit diversity schemes for LTE-Advanced”, Mitsubishi Electric
[14] R1-090727, “UL Single Use MIMO Schemes in LTE-Advanced”, Nokia Siemens Networks, Nokia

