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1
Introduction
It is decided to consider MIMO operation with up to 8 transmit antennas in LTE-Advanced for meeting the peak requirements set by LTE- Advanced [1,2]. It is possible to use the 8 transmit antennas for introduction of new transmission schemes such as multi-stream beamforming, multi-user beamforming and transmit diversity.
In this document we present our views on transmit diversity schemes in LTE-A. We discuss antenna virtualization technique as a way to utilize the power from all antennas for all (including legacy UEs). Furthermore we provide some link level simulations results comparing the performance of different transmit diversity schemes.
2
Transmit Diversity Schemes

Given the presence of larger number of antennas at the eNodeB it is possible to consider new diversity schemes that employ larger number of antennas. However, marginal gains are expected by employing 8Tx diversity schemes over the already defined schemes in LTE Release 8. Additionally, these schemes will require channel estimation from all the 8 Tx antennas for demodulation which will results in a large overhead. 
Therefore, it is suggested to consider Release 8 diversity schemes (that employ Tx 4 antennas) for LTE-A UEs as well. One important issue though, is allowing for full power utilization from all the PAs at the eNodeB for transmission to LTE-A and legacy UEs. Antenna virtualization techniques described next will achieve this goal in a legacy compatible manner.
2.1
Antenna Virtualization
Antenna virtualization can be done by mapping the physical antennas to virtual antennas. The transmission of common reference signal (CRS), data and control channels for legacy UEs will be from the virtual antennas. Proper definition of the mapping allows for full power utilization from all the PAs. Furthermore, it is possible to provide additional diversity to Release 8 UEs in a transparent manner from the larger number of antennas at the eNodeB. We further suggest that the diversity mode transmission to LTE-A UEs be done based on Release 8 diversity schemes on the virtual antennas.
There are multiple ways of mapping physical antennas to virtual antennas. One way of defining this mapping is as follows: 
· pairs of antennas are grouped together to from the 4 virtual antennas.: (1,5)(1’, (2,6) (2’, (3,7)(3’, (4,8)(4’. 
· Each virtual antenna i’ is obtained by linear combination of physical antennas (i,  i+4) with phase offsets (0, 
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), where k is the frequency tone index . 
· One example would be to consider phase as a linear function of the tone index (e.g., PSD or CDD with possible fixed phase offset), i.e. 
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.  In choosing of these parameters, channel estimation quality of the virtual channels, performance under different correlation scenarios should be considered. For instance considering frequency independent mapping, i.e. 
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=0, can results in spatial nulls to some UEs across the frequency. Furthermore, using large value of phase shift 
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 can deteriorate the channel estimation quality for legacy UEs.
In the following simulations, BLER curves of different diversity schemes for turbo code with QPSK 1/3 and 3/4 are provided. The UE is assigned 4RB uniformly distributed in a 5MHz system. The channel model is TU with 30km/h speed. The following diversity schemes are considered:

· 4x2 systems with Release 8 FSTD-SFBC.
· 8x2 system with antenna virtualization (with parameters 
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for four virtual antennas) + FSTD-SFBC on the 4 virtual antennas.
· 8x2 system with 8Tx FSTD-SFBC diversity scheme: In this method SFBC coding is performed on antenna pairs (1,5) , (2,6) , (3,7), (4,8) over 8 tones in total.
Figure 3‑2 shows the performance of 8Tx diversity scheme compared to combination of antenna virtualization and 4Tx diversity schemes. As it can be observed the gains of 8Tx diversity in this case is very limited in both low and high Tx antenna correlation scenarios. Note that the results shown are with ideal channel estimation. However, for 8Tx FSTD-SFBC schemes, unprecoded DM-RS from all 8 antennas is required which can incur a large overhead in the system.

Figures 3‑3
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 and 3‑4 shows the sensitivity of the virtualization parameters to the channel parameters. These simulations include channel estimation losses. As we can see the performance of different virtualization scheme under low spatial correlation is similar. However for large antenna correlation equal delay values (i.e., CDD) can create frequency nulls. In this case, fixed phase offsets can compensate the high correlation.
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Figure 3‑2: Comparison of 8Tx diversity and CDD+ 4Tx diversity  for Turbo code                                                     QPSK 1/3, 3/4 and perfect channel estimation in 8x2 system
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Figure 3‑3: BLER curves for Turbo code QPSK 1/3, 3/4, no antenna correlation, non-ideal channel estimation
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Figure 3‑4 BLER performance for Turbo code QPSK 1/3, 3/4, 0.9 antenna correlation, non-ideal channel estimation
Finally, we note that using frequency dependent antenna virtualization, it is possible to provide additional diversity to legacy UEs in a completely transparent manner. Figure 3‑5 shows the same setup as previous simulations (i.e., 4 RB distributed in 5MHz) with pedA channel model. It can be observed that using CDD based scheme additional frequency diversity can be obtained by using larger number of antennas at eNodeB.
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Figure 3‑5: Benefits of Antenna virtualization for pedA channel.
3 Summary
In this paper, we analyzed the performance of different transmit diversity schemes for LTE-A. The performance of 8-Tx diversity scheme based on FSTD-SFBC was compared to TX diversity schemes that are performed on the virtual antennas obtained from the 8 antennas. It was shown that well designed antenna virtualization scheme combined with Release 8 Tx diversity schemes on 4Tx antennas performs very similar to 8Tx diversity scheme. Therefore we propose, limiting Tx diversity schemes to Release 8 diversity modes combined with antenna virtualization methods that allow for full power utilization of all the antennas for both LTE and LTE-A users.
In summary, 

· Antenna virtualization should be used for legacy UEs so as to utilize the full power of all the PAs efficiently. It also provides additional diversity for legacy UEs.

· TX diversity operation for LTE-A should be limited to Release 8 diversity scheme employed on the virtual antennas, for which CRS is provided. The gains of 8 Tx diversity schemes are marginal even without taking into account the possibly increased overhead in order to facilitate the channel estimation of all 8 Tx antennas. 
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