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1. Introduction
Multi-antenna transmission with multiple RF transmitters directly contributes to an increase in the peak data rate and user throughput [1]-[13]. Therefore, the application of SU-MIMO and transmit diversity to a shared data channel is very beneficial in increasing the user throughput.
On the other hand, backward compatibility with Rel-8 LTE in the same frequency spectrum is another important requirement for LTE-Advanced. This means that LTE-Advanced eNB should be able to support Rel-8 LTE UEs within the same spectrum and vice versa. Thus, the cell coverage for LTE-Advanced UEs is basically identical to that for Rel-8 LTE UEs. We should design transmit diversity and MIMO channel transmission techniques keeping this assumption in mind.

This contribution presents our views on two-antenna transmit diversity schemes appropriate for the respective uplink physical channels that are investigated while taking into account the factors mentioned above.
2. Transmit Diversity Scheme for Respective Uplink Physical Channels
2.1 Physical Random Access Channel (PRACH)
Table 1 gives comparisons of two-antenna transmit diversity schemes with two RF transmitters for PRACH. 

· Frequency Selective Transmit Diversity (FSTD) and Space Frequency Block Code (SFBC): The peak-to-average power ratio (PAPR) and cubic metric (CM) of the two schemes are basically higher than other transmit diversity schemes due to the deterioration in the single carrier (SC) property. Although the PAPR and CM can be reduced by employing block-wise FSTD [14], blind detection of the number of UE antennas is necessary. Hence, FSTD and SFBC are inappropriate.
· Cyclic Delay Diversity (CDD): Although the transmit diversity gain is larger according to the increase in the cyclic-shift delay value, the accuracy of the received signal timing detection is degraded because of the reduction in the average received signal power per path [15]. Hence, CDD is inappropriate for application to the PRACH.

· Precoding Vector Switching (PVS) or Time Selective Transmit Diversity (TSTD): From the viewpoint of the achievable performance such as the received timing detection probability, both PVS and TSTD are appropriate candidates for the PRACH. PVS can take advantage of the transmission power resources of two transmitters.
Here, if the LTE-Advanced UE has at least one full size power amplifier equal to that in the Rel-8 LTE UE based on the requirement that the LTE-Advanced UE can connect to the Rel-8 LTE eNB, the application of transmit diversity with two RF transmitters does not contribute to an increase in the cell coverage. In this case, a single antenna transmission or TSTD is sufficient for the PRACH. 
On the other hand, if the total maximum transmission power of the LTE-Advanced UE is equal to that of the Rel-8 LTE UE and the transmission power per antenna is lower, full usage of the power amplifier using two RF transmitters is necessary. In this case, PVS is a promising candidate. Both TSTD and PVS are transparent from the specification perspective similar to Rel-8 LTE.

Table 1 – Comparison of two-antenna transmit diversity schemes for PRACH
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2.2 Physical Uplink Control Channel (PUCCH)
Table 2 lists candidates for the transmit diversity schemes for the PUCCH. Similar to the PRACH, the additional gain by employing transmit diversity with two RF transmitters does not contribute to the increase in the cell coverage. However, the application of transmit diversity to the PUCCH may reduce the interference to the PUCCHs of other cells, although further investigation is required. 
Table 2 – Comparison of two-antenna transmit diversity schemes for PUCCH
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From the viewpoint of the transmit diversity gain, a low PAPR and CM, and the orthogonality among code division multiplexed Rel-8 LTE UEs, TSTD, PVS, CDD, and STBC (only appropriate for CQI transmission, i.e., Format 2) are candidates for the PUCCH. Furthermore, Space Code Transmit Diversity (SCTD) (or Orthogonal Resource Transmission (ORT)) [11] is proposed for the PUCCH. SCTD obtains the largest transmit diversity gain similar to STBC but does not have an unpaired symbol problem as in the case of STBC. Therefore, SCTD seems better than STBC. Meanwhile, the disadvantage is that two cyclic shift (CS) or orthogonal covering (OC) resources per UE are necessary and the maximum number of multiplexed UEs within the same RB is reduced to half compared to that for Rel-8 LTE. This implies a potential problem that the system throughput performance is degraded. 

Moreover, the LTE-Advanced UE needs to support the PUCCH transmission with a single antenna-port for the LTE-Advanced UE to connect to the Rel-8 LTE eNB. Therefore, we should also carefully investigate the actual benefit of supporting a transmit diversity scheme.

2.3 Physical Uplink Shared Channel (PUSCH)
As described in Section 1, application of transmit diversity to the PUSCH is beneficial in increasing the user throughput especially at the cell edge. In Rel-8 LTE, closed-loop type antenna switched transmit diversity (CL-ASTD) was specified as a UE option (Fig. 1(a)). For the LTE-Advanced UE, closed-loop type precoding with multiple RF transmitters can be applied in order to increase further the user throughput as indicated in Fig. 1(b). This is because closed-loop type precoding principally achieves a higher transmit diversity gain compared to that for open-loop type transmit diversity under low mobility conditions due to the directive beam gain. Furthermore, precoding has a high affinity to frequency-domain scheduling.  Hereafter, we present our results on the necessity of subband precoding and the codebook size for closed-loop type precoding (focusing on only rank 1).
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Figure 1 – Closed loop-type transmit diversity for PUSCH
· Necessity of Subband Precoding within Scheduled Resource Blocks
From the viewpoint of throughput performance, subband precoding, i.e., selection of multiple precoding vectors for the scheduled resource blocks (RBs), has an advantage compared to wideband precoding. On the other hand, subband precoding increases the PAPR and CM at some extent. We evaluate the effect of subband precoding based on system simulations.
Table 3 shows the CM values with the number of selected precoding vectors within the assigned RBs per UE. In the evaluation, we set the transmission bandwidth (assigned bandwidth) of a UE to 8 RBs, and a contiguous RB allocation is assumed. We calculate the CM value in the case of QPSK and 16QAM data modulations based on [16]. When the number of precoding vectors per UE is Npr, we assume that the precoding vector is randomly selected for each (8/ Npr) RBs from the two-antenna rank-1 codebook for the Rel-8 LTE downlink in the evaluation. From the table, we can see that the CM value is increased by approximately 0.4-0.8 dB as the Npr value is doubled.
Table 3 – Cubic metric value with number of selected precoding vectors 
within assigned resource blocks per UE
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Table 4 shows the system throughput performance of two-antenna precoding with the number of precoding vectors per UE as a parameter. The transmission backoff corresponding to the CM value shown in Table 3 is taken into account in the evaluation. Simulation parameters are given in Appendix A. In the simulation, we assume that the number of RBs assigned to a UE per TTI is fixed to 8 RBs.  From the results, we can see that the additional throughput gain in 5% cumulative distribution function (CDF) user throughput and the cell throughput is very small. Therefore, we conclude that a common precoding vector selection within the scheduled subband is sufficient due to the tradeoff between the precoding gain and the CM increase.
Table 4 – Throughput performance with number of precoding vectors as a parameter
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· Optimum Quantized Feedback Information Bits of Precoding Vectors (Codebook Size)
Table 5 gives the system throughput performance using two-antenna closed-loop type precoding with the number of quantized feedback information bits (NCB), i.e., codebook size, as a parameter. The simulation conditions are the same as those for Table 4. From Table 5, when NCB is increased from one to two and three bits, the user throughput and cell throughput are increased because the phase error between the selected precoding vector and the ideal one is reduced. However, when NCB is further increased from three bits, the additional gain from precoding becomes very small. Therefore, we consider that NCB value of two or three bits is optimal.
Table 5 – Throughput performance with number of quantized feedback bits 
of precoding vectors as a parameter
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We investigate the precoding gain using a common precoding vector for the scheduled subband in the uplink. Figure 2 shows the CDF for the user throughput using closed-loop type precoding. An appropriate common precoding vector is selected for the resources allocated to a UE from four (two-bit) vectors based on the previous evaluation results. For comparison, the performance when employing a single-antenna transmission and that for CL-ASTD are also shown. In the evaluation, we assume adaptive RB assignment, i.e., the number of assigned RB per UE per TTI is not fixed. Other simulation parameters are given in Appendix A. The figure shows that the precoding gains of approximately 11.5 (7.5)% and 18.0 (10.5)% in the cell throughput and 5% CDF in the user throughput, respectively, are achieved compared to those for the single-antenna transmission (CL-ASTD). Therefore, we confirm the gain of the common precoding vector over the assigned bandwidth for SC-FDMA.
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Figure 2 – CDF of user throughput employing closed-loop type precoding
Based on the results, our views on the uplink precoding scheme are summarized hereafter. 

· Codebook-based closed-loop type precoding using the feedback of the precoding vector index from the eNB should be supported for the uplink closed-loop type transmit diversity scheme.
· A sounding reference signal (SRS) should be transmitted from the respective antennas without precoding in order to select the appropriate precoding vector index at the eNB as well as to measure the channel quality, i.e., CQI.
· A demodulation reference signal (DRS), which is used for channel estimation of data symbols, should be precoded as well.
· Selection of a single precoding vector within the assigned RBs per component carrier is sufficient at least for a two-antenna case.  
· The optimum number of quantized feedback information bits of precoding vectors is two or three bits.
· For TDD, the possibility to adopt non-codebook based precoding [17] is FFS.
3. Conclusion

This contribution presented our views on transmit diversity schemes with multiple RF transmitters for the LTE-Advanced uplink. Based on the investigation, our views are summarized below.
· PRACH

· Additional gain by employing transmit diversity with two RF transmitters in the PRACH does not contribute to increasing the cell coverage. Therefore, we consider that either TSTD or PVS is appropriate for the PRACH considering the commonality to the PRACH in Rel-8 LTE. 
· PUCCH

· Similar to the PRACH, the additional gain by employing transmit diversity with two RF transmitters for the PUCCH does not contribute to an increase in the cell coverage. However, applying transmit diversity to the PUCCH reduces the interference to other cells (FFS).

· TSTD, PVS, CDD, and SCTD (ORT) are candidates as transmit diversity schemes for the PUCCH. 
· The LTE-Advanced UE needs to support the PUCCH transmission with a single antenna-port from the requirement that the LTE-Advanced UE can connect to the Rel-8 LTE eNB. Therefore, we should also carefully investigate the actual benefit of supporting a transmit diversity scheme.

· PUSCH

· Codebook-based closed-loop type precoding is beneficial in increasing the user throughput performance. 

· A common precoding vector over the scheduled RBs at least per component carrier is sufficient for a two-antenna case.

· The optimum number of quantized feedback information bits of precoding vectors is two or three bits.
References

[1]
3GPP, R1-090614, Samsung, “Discussions on UL 2Tx Transmit Diversity Schemes in LTE-A,” February 2009.

[2]
3GPP, R1-090615, Samsung, “UL PUSCH 4Tx Transmit Diversity in LTE-A,” February 2009.

[3]
3GPP, R1-090688, Panasonic, “Views on UL MIMO extension up to 4x4,” February 2009.

[4]
3GPP, R1-090726, Nokia Siemens Networks, Nokia, “Single-stream precoding for LTE-Advanced UL,” February 2009.

[5]
3GPP, R1-090727, Nokia Siemens Networks, Nokia, “UL Single User MIMO Schemes in LTE-Advanced,” February 2009.

[6]
3GPP, R1-090739, Mitsubishi Electric, “Comparison of uplink transmit diversity schemes for LTE-Advanced,” February 2009.

[7]
3GPP, R1-090772, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, “STBC-II schemes with Non-Paired Symbols for LTE-Advanced Uplink Transmit Diversity,” February 2009.

[8]
3GPP, R1-090794, Motorola, “Multi-Antenna Uplink Transmission for LTE-A,” February 2009.

[9]
3GPP, R1-090825, Huawei, “Uplink TX diversity schemes for LTE-Advanced,” February 2009.

[10]
3GPP, R1-090690, Panasonic, “Views on TxD schemes for PUCCH,” February 2009.

[11]
3GPP, R1-090697, Sharp, “LTE-A transmit diversity for PUCCH format 1/1a/1b,” February 2009.

[12]
3GPP, R1-090786, LG Electronics, “PUCCH TxD Schemes for LTE-A,” February 2009.

[13]
3GPP, R1-090741, Nortel, “Evaluation of transmit diversity for PUCCH in LTE-A,” February 2009

[14]
3GPP, R1-090217, LG Electronics, “Uplink MIMO Transmission for LTE-Advanced,” January 2009.
[15]
3GPP, R1-060863, Texas Instruments, “Transmit diversity schemes for SCH E-UTRA,” March 2006.

[16]
3GPP, R1-060023, Motorola, “Cubic Metric in 3GPP-LTE,” January 2006.
[17]
3GPP, R1-090943, CATT, CMCC, RITT, “Non-codebook-based Precoding for Uplink transmission,” February 2009.

Appendix-A. Simulation Parameters
Table A1 – System-level simulation parameters
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Table A2 – Link-level simulation parameters
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