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1. Introduction
During standardization of 2x2 MIMO, aspects of power balancing between multiple transmit antennas at the NB were not considered. One effect of switching between MIMO and non-MIMO UEs is that the second antenna has a rapidly changing transmit power which negatively impacts the efficiency of the power amplifier. Hence, different proprietary solutions were used to avoid this problem. 
The power balancing network, often called virtual antenna mapping (VAM) [1], is a common solution. Unfortunately, the power balancing network interacts with the spatial precoder. As a consequence, a new option with a reduced number of codewordes was introduced to the standard [2]. The reduced number of codewords leads to a slight but visible performance loss.
For 4Tx MIMO, this issue becomes even more relevant since we have now the possibility to switch between non-MIMO, 2Tx-MIMO and 4Tx-MIMO UEs which affects three power amplifiers. Moreover, it is probable that the spatial precoder will be more complex than the 2Tx precoder. Hence, the interaction between precoder and VAM will be even more complex.
As a consequence, we propose to discuss power balancing aspects during standardisation of 4Tx-MIMO.

2. Discussion
As discussed in [3], it is desirable to have a VAM network which enables a constant transmit power from all antennas on the NB side. Without VAM, legacy UEs would utilize only one or two transmit antennas and during TTI where only legacy UEs are scheduled, not required antennas would have to be switched off. If a rel 5 device would now be scheduled in a 4Tx capable NB, 3 out of the 4Tx antennas would have to be switched off. Having different UE types scheduled in consecutive TTIs could lead to a toggling of up to 3Tx antennas. 
In [3], a straight forward solution for the integration of the VAM was introduced (Figure 1). 
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Figure 1: VAM solution similar to existing proprietary solutions of 2x2 MIMO
This solution has the disadvantage that the codebook, which will have to be standardized, is limited by the VAM network. E.g. for single stream 2x2 MIMO, 2 out of the 4 codewords were not useable anymore. To avoid this impact, we propose to decouple 4Tx MIMO UEs from the VAM.

In Figure 2, a modified structure is shown. The difference is that the spatial precoded signals of 4Tx MIMO UEs are not using the VAM, since the signal after the spatial precoder H_n is already power balanced. All legacy signals from 1x1 and 2x2 MIMO UEs plus pilot signals are transmitted over a VAM network V. For legacy UEs, this network is still transparent and is 100% compatible with legacy UEs. 
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Figure 2: VAM solution which uses the power balancing network only for legacy UEs
In order to have the VAM transparent for legacy UEs, the pilot signals (P-CPICH and S-CPICH) have to be transmitted over the VAM network, too. For simplicity, we propose that the additionally introduced common pilots are also transmitted over the VAM. For 4Tx MIMO UEs, that means, that the VAM has to be known at the UE side. But since the VAM is constant over time and for all NBs, it is easy to include this information in the standard. 
By choosing the VAM matrix as
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with ( denoting the Kronecker product and 
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the 2x2 VAM matrix, two goals can be achieved:
1. No further or new restrictions to the 2x2 MIMO codebook

2. Calculation of the physical channel from the estimation of the virtual channel.

Goal number one can be achieved since we reuse the 2x2 VAM matrix. In Figure 2, it can be seen, that the output of the spatial precoder of 2x2 MIMO UEs uses only the first 2 inputs of the network which corresponds to the usage of the first 2 columns of V, i.e. 
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. That means that a scaled version of the proprietary VAM matrix is used twice. Hence, no additional restrictions to the 2x2 spatial codebook are introduced.
Goal number two is achieved since V is an unitary matrix iff 
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 is unitary. Since V is unitary, the virtual channel estimate can be transformed into the channel estimate of the physical channel by multiplying with the inverse and complex conjugated of V. This adds some additional complexity at the receiver side but has the advantage that quality of the physical channel estimation depends on the power of all 4 common pilots. Hence, all physical channels estimates have similar quality. This may be important if the power of the common pilot 3 and 4 are small. 
3. Summary
In this contribution, a solution for a power balancing network was proposed and its influence evaluated i.e.

Influence on legacy UEs:
· Power balancing is achieved

· No negative impact compared to 2x2 solutions

Influence on 4Tx MIMO UEs

· Independent codebook design of the spatial precoder

· VAM precoding has to be known by 4Tx MIMO UEs

· Channel estimation
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