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[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Introduction
A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers. The main considered design option for a new PUCCH format utilize DFT-S-OFDM modulation in order to provide low peak-to-average-power ratio (PAPR) and cubic metric (CM). Link-level simulation results have been provided by several companies under the agreed simulation assumptions and design criteria for HARQ ACK/NACK error probabilities. The evaluation have so far focused on SIMO Rayleigh channels with hardly no discussion regarding transmit diversity. 
It is well known from previous 3GPP study/work items that uplink transmit diversity can be an important component for improving the transmission reliability, which could be exploited provided multiple transmit antennas are available at the UE side. 
In this contribution we discuss various transmit diversity (TxD) schemes that could be considered for evaluation and comparison. However, such link-level evaluations should be conducted under agreed simulation assumptions and targets.  
Transmit Diversity (TxD) schemes
It is reasonable to design the TxD scheme(s) for 2 and 4 UE transmit antennas. More than 4 transmit antennas at the UE side is considered a less likely case in practice due to the increased cost. 
Proposal: Two or four UE transmit antennas should be considered when evaluating transmit diversity schemes. 
The following TxD schemes, or combinations of such, could be considered for more detailed link-level evaluations.
· Space-time block code (STBC)
· Space-frequency block code (SFBC)
· Frequency-switched transmit diversity (FSTD)
· Cyclic delay diversity (CDD)
· SORTD

STBC  
Space-time block codes often perform well which explains their popularity. One such scheme is Alamouti that for 2 Tx antennas also achieves full-rate. However, the extension to more than 2 antennas is not straight forward wherefore combinations of schemes can be considered for the 4 Tx antenna case. An advantage of STBC is that there is no increase on PAPR/CM compared to SISO transmission. A possible disadvantage of STBC is the requirement of even number of symbols per slot (assuming frequency hopping) due to the need of pairing symbols e.g. in an Alamouti scheme. The case of even or odd number of symbols per slot/subframe occur irrespectively of the choice of number of DMRS/slot since both normal and extended cyclic prefix should be supported, as well as SRS. This problem has previously been discussed for LTE-A in e.g. [1] where one suggestion is to apply low-CM SFBC, CDD, or FSTD to the orphan symbol. 
SFBC
A space-frequency block code (SFBC) is standardized for LTE downlink transmit diversity using 2 Tx antennas and for 4 antennas when combined with FSTD. A main advantage of SFBC for the considered PUSCH-like design is the flexibility to operate on both even and odd number of symbols per slot/subframe. However, the scheme may cause increased PAPR/CM unless special measures/tricks are applied. To mitigate the increased “peakiness” of the signal, a so-called low-CM SFBC has been suggested [2]. 
FSTD
Frequency-switched transmit diversity (FSTD) is standardized for LTE downlink where it is used combined with SFBC for 4 Tx antennas. A type of FSTD was studied and proposed during the PUCCH format 3 design [3] and was shown in e.g. [4] to perform better than STBC/SFBC. However, for the considered PUSCH-like scheme with spreading factor one the situation is quite different. 
CDD
[bookmark: _GoBack]Cyclic delay diversity (CDD) is known to artificially create frequency selectivity that can prove useful for achieving diversity on an otherwise frequency-flat channel. An advantage is that the scheme is easily extended to more than two antennas. However, the performance, especially on a frequency-selective channel, is not necessarily better than STBC/STFC.  
SORTD
Space orthogonal-resource transmit diversity (SORTD) is standardized for uplink TxD of PUCCH format 3 in Rel.10 and essentially trades resource utilization versus performance. During the study of PUCCH format 3 designs, SORTD was found to be superior to STBC, STFC, and FSTD by sacrificing the multiplexing capacity for performance, see e.g. [4]. However, for considered PUSCH-like schemes with spreading factor one, SORTD-like schemes may be too costly in terms of resource utiliization. 
  
Simulation Assumptions
It is of paramount importance that the considered TxD schemes are evaluated under realistic conditions. 
The antenna-gain imbalance at the UE side should therefore be taken into account when evaluating TxD schemes. The antenna correlation, especially at UE side, can also have an impact on the effectiveness of TxD wherefore correlated antennas should also be considered. Further it is important to account for non-ideal channel estimation which, however, is already part of the agreed simulation assumptions. 
It has previously been argued in 3GPP contributions that Cubic Metric (CM) is a more relevant measure for power de-rating than the PAPR measure. Hence it is proposed that CM is used in the evaluation comparison.  

Proposal: The simulation assumptions for evaluating transmit diversity schemes should include antenna correlation, i.e., not only uncorrelated antennas.
Proposal: The impact of UE transmit antenna-gain imbalance should be considered when evaluating transmit diversity schemes. 
Proposal: Any considered transmit diversity scheme that does not preserve the single-carrier property of the signal should also be evaluated in terms of the increased cubic metric. 

Conclusions
In this contribution we discuss different transmit diversity schemes that could be considered for further link-level evaluations and comparison. The following proposals are made:
Proposal: Two or four UE transmit antennas should be considered when evaluating transmit diversity schemes. 
Proposal: The simulation assumptions for evaluating transmit diversity schemes should include antenna correlation, i.e., not only uncorrelated antennas.
Proposal: The impact of UE transmit antenna-gain imbalance should be considered when evaluating transmit diversity schemes. 
Proposal: Any considered transmit diversity scheme that does not preserve the single-carrier property of the signal should also be evaluated in terms of the increased cubic metric. 
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