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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]-[21]. 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 an 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 the 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, blind detection of the number of UE antennas is necessary anyway. 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. 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, e.g., 23 dBm, 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)) [4],[10] is proposed for the PUCCH.  SCTD obtains the largest transmit diversity gain similar to STBC and does not need to deal with the 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. 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)
It was agreed at the RAN1#55 meeting that codebook based closed-loop type precoding would be supported (at least) for FDD [22]. In addition, the codebook components for two antennas were decided at the RAN1#56bis meeting [23]. Although application of closed-loop type precoding with multiple RF transmitters is beneficial to low mobility UEs, the performance is degraded according to the increase in the UE mobility. Therefore, support of open-loop type transmit diversity for the PUSCH should be investigated in order to improve the user throughput for high mobility UEs. 
Many contributions were submitted at the last RAN1 #56bis meeting regarding open-loop type transmit diversity for the PUSCH [12]-[21]. From the viewpoint of the low CM property, TSTD, FSTD, PVS, CDD, STBC, and low-CM SFBC are candidates for the PUSCH. STBC and low-CM SFBC achieves the greatest transmit diversity gain among all the transmit diversity schemes [18]-[21]. Therefore, we consider that either of the two schemes is appropriate for the working assumption of the transmit diversity scheme in the LTE-Advanced UL. As many companies have already pointed out both STBC and low-CM SFBC have a problem, i.e., unpaired symbol problem for STBC and the need for a more complicated receiver structure for low-CM SFBC. Further investigation is necessary to select the best one.
3. Conclusion

This contribution presented our views on the 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 for the transmit diversity scheme 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

· Support of open-loop type transmit diversity should be considered to increase the user throughput performance for high mobility UEs.
· Either STBC or low-CM SFBC is appropriate for the working assumption as the transmit diversity scheme in the LTE-Advanced UL.
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