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1. Introduction
Uplink transmit diversity techniques for LTE-Advanced UEs with multiple RF transmitters have been extensively discussed in the RAN1 meetings. The application of transmit diversity techniques to the Physical Uplink Shared Channel (PUSCH) is beneficial in increasing the capacity and cell-edge user throughput. Meanwhile, backward compatibility with the Rel. 8 LTE is an important requirement for LTE-Advanced. An LTE-Advanced network is required to be able to support Rel. 8 LTE UEs within the same spectrum. Thus, the cell coverage for LTE-Advanced UEs is basically identical to that for Rel. 8 LTE UEs even when the LTE-Advanced UEs have multiple RF transmitters. This fact affects the need for transmit diversity for the other uplink physical channels such as the Physical Random Access Channel (PRACH) and Physical Uplink Control Channel (PUCCH). This contribution presents our views on transmit diversity schemes appropriate for the respective uplink physical channels taking into account such factors.
2. Transmit Diversity Scheme for Respective Uplink Physical Channels

2.1 Physical Random Access Channel (PRACH)
We present our views on transmit diversity schemes for the PRACH. 

· eNB does not know the UE antenna configuration when the PRACH is received. Therefore, Frequency Switched Transmit Diversity (FSTD) and Space Frequency Block Code (SFBC) are inappropriate because blind detection of the number of UE antenna ports is necessary. 

· Cyclic Delay Diversity (CDD) is a candidate that satisfies eNB transparent multi-antenna transmission. Although the transmit diversity gain of CDD increases 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 if the delay value is not specified. 

· Time Switched Transmit Diversity (TSTD), which was agreed as the scheme for Rel. 8 LTE UEs with a transmit antenna selection capability, is another appropriate candidate for the PRACH. However, its drawback is that TSTD cannot fully utilize the transmission power resources of multiple RF transmitters. Therefore, Precoding Vector Switching (PVS), which can take advantage of the transmission power resources of multiple RF transmitters can be considered instead.
Here, if we consider a case in which an LTE-Advanced UE with multiple RF transmitters has at least one full size power amplifier, e.g., 23 dBm, equal to that in the Rel. 8 LTE UE, the application of transmit diversity with multiple RF transmitters does not contribute to an increase in the cell coverage. In this case, single antenna transmission (or TSTD) is sufficient. 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, e.g., 20 dBm each for a 2 antenna case or 17 dBm each for a 4 antenna case, full usage of the power amplifier using multiple RF transmitters is necessary. In this case, either CDD or PVS is a promising candidate. For either candidate, the transmit diversity scheme for the PRACH should be transparent from the specification perspective similar to the Rel. 8 LTE [1].

2.2 Physical Uplink Control Channel (PUCCH)
At the previous RAN WG1#57bis meeting, a contribution on a way forward for PUCCH transmit diversity was discussed [2]. We consider that the LTE-Advanced UE with multiple transmitters can be configured to perform a single antenna port transmission, i.e., Rel. 8 LTE UL transmission, in at least the LTE cells that take into account backward compatibility with Rel. 8 LTE. In this case, similar to the PRACH, if the LTE-Advanced UE with multiple RF transmitters has at least one full size power amplifier of 23 dBm, single antenna transmission (or TSTD) is sufficient. Meanwhile, if the maximum transmission power per antenna is lower than 23 dBm, full usage of the power amplifier using multiple RF transmitters is necessary. In this case, a transparent scheme such as PVS may be a good candidate.

However, the application of transmit diversity to the PUCCH may be beneficial in reducing the intra-cell and inter-cell interference on the PUCCH. Furthermore, it was mentioned that applying transmit diversity to the PUCCH may contribute to the feedback of more control signaling bits per subframe compared to that for a Rel. 8 LTE UE when the same transmission power is assumed, which is beneficial for additional features in LTE-Advanced, e.g., CoMP [3],[4]. Therefore, we agree with the application of an explicit transmit diversity scheme, e.g., Spatial Orthogonal-Resource Transmit Diversity (SORTD) [2], as a working assumption to prioritize the performance for the PUCCH in the SI phase, but we consider that we should revisit this in the WI phase to investigate further the necessity of an explicit transmit diversity scheme after deciding the details of the feedback signaling for LTE-Advanced.

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 [5]. In addition, the codebook components for two antennas were decided at the RAN1#56bis meeting [6]. 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 previous meeting regarding open-loop type transmit diversity for the PUSCH [7]-[17]. From the viewpoint of the low cubic metric (CM) property, TSTD, FSTD, PVS, CDD, STBC, and low-CM SFBC are candidates for transmit diversity to the PUSCH. STBC and low-CM SFBC achieves the greatest transmit diversity gain among all the transmit diversity schemes. Therefore, we consider that either of the two schemes can be used for the working assumption of the transmit diversity scheme for the PUSCH. As many companies have already pointed out both STBC and low-CM SFBC have a problem, i.e., the 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

· The transmit diversity schemes for PRACH should be transparent from the specification perspective similar to Rel. 8 LTE.
· PUCCH

· We agree with the application of transmit diversity, e.g., SORTD, as a working assumption for the PUCCH in the SI phase, but we consider that we should revisit this in the WI phase to investigate further the necessity of an explicit transmit diversity scheme after deciding the details of feedback signaling in LTE-Advanced.

· 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.

References

[1]
3GPP, R1-092644, Motorola, “Multi-Antenna Support in UL PUSCH/PUCCH/PRACH/SRS Transmission,” June 2009.

[2]
3GPP, R1-092956, LG Electronics, Samsung, Huawei, Nokia, Nokia Siemens Network, Texas Instruments, Sharp, ETRI, NEC, Motorola, ZTE, NTT DoCoMo, “Way Forward for PUCCH Transmit Diversity Scheme,” June 2009.

[3]
3GPP, R1-092537, Panasonic, “Performance comparison of TxD schemes for PUCCH,” June 2009.

[4]
3GPP, R1-092343, Sharp, “Views on PUCCH TxD for LTE-A,” June 2009. 
[5]
3GPP, R1-090537, Samsung, “LTE-Advanced MIMO Session Summary,” January 2009.

[6]
3GPP, R1-091646, Ad Hoc Chairman, “Summary of MIMO ad hoc session,” March 2009. 
[7]
3GPP, R1-091368, Nokia Siemens Networks, Nokia, “Performance comparison between Tx diversity and single stream precoding,” March 2009.

[8]
3GPP, R1-091213, LG Electronics, “Performance evaluation of PUSCH 4Tx transmit diversity schemes in LTE-A,” March 2009.

[9]
3GPP, R1-091277, Huawei, “TX diversity scheme criteria for PUSCH,” March 2009.

[10]
3GPP, R1-091278, Huawei, “Comparison of UL TX diversity schemes for PUSCH,” March 2009.

[11]
3GPP, R1-091463, Qualcomm Europe, “PUSCH Transmit Diversity,” March 2009.

[12]
3GPP, R1-091476, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, “STBC-II schemes with Non-Paired Symbols for LTE-Advanced Uplink Transmit Diversity,” March 2009.

[13]
3GPP, R1-091546, Mitsubishi Electric, “Comparison of uplink 2-Tx transmit diversity schemes for LTE-Advanced,” March 2009.

[14]
3GPP, R1-091212, LG Electronics, “Performance evaluation of PUSCH 2Tx transmit diversity schemes in LTE-A,” March 2009.

[15]
3GPP, R1-091244, Samsung, “Discussions on UL 2Tx Transmit Diversity Schemes in LTE-A,” March 2009.

[16]
3GPP, R1-091245, Samsung, “UL PUSCH 4Tx Transmit Diversity in LTE-A,” March 2009.

[17]
3GPP, R1-091375, Nortel, “Discussion on Transmit diversity for PUSCH in LTE-A,” March 2009.
























































































































































































































- 3 -

