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1 Introduction

The concept of Virtual Antenna Mapping (VAM) has been discussed in recent meetings [1], [2] and [3]. The VAM solution needs either to be transparent or known to the UE so that correct channel estimation can be done. It is noted that the VAM transformation may interact with the MIMO precoder and hence there might be a benefit to jointly optimize the MIMO precoder codebook together with the VAM transformation. 
It is also important that the virtual beams provided by the VAM has certain properties, such as giving sector covering beams with a reasonable degree of mutual decorrelation. 

In [3] a VAM solution was proposed that map legacy channels and additional pilots to the 4 Tx antennas while the 4-branch signals are directly mapped. This proposal is further analyzed in this contribution. We note that the example in [3] have suboptimal spatial properties, and propose an alternative transformation with better spatial properties.
We further discuss the pros and cons of introducing a standardized VAM for 4-branch MIMO. Especially we note that different antenna structures and architectures may need different VAM transformation matrices.
2 VAM Solutions
Several VAM structures are possible. Either all signals are passed through the transformation matrix. That is, both signals transmitted on one or two ports, such as DPCH, P-CPICH and 2-branch MIMO, as well as 4-branch MIMO signals pass through the VAM matrix. This approach was proposed and discussed in [1]. However, it can be noted that lower rank 4-branch signals do not need to be spread over the 4 Tx antennas by the VAM since this operation is performed by the 4-branch MIMO precoder. In this case legacy signals and any additional pilots needed for 4-branch MIMO is passed through the transformation and mapped to the 4 physical antennas. This was the approach taken in [3]. Note that since the pilots pass the VAM transformation, this matrix has to be known by the UE in order to derive correct channel estimates for 4-branch signals. It is further noted that any VAM used for 2-branch MIMO has to be transparent to the UE since this is not part of the specification.
The following properties should be fulfilled by the VAM transformation
1. Achieve power balancing

2. No or minimal impact on legacy UEs

3. Avoiding spatial impact on the pilots for 1st and 2nd port

4. No or low correlation between created ports (virtual antennas)

The properties above can be fulfilled by proper use of the spatial and polarization domain. Due to this, it is further noted that a proper VAM design will depend on the physical antenna architecture. The design investigated here as well as the one proposed in [2] and [3] is based on a two column array with dual polarized elements, a.k.a. a quad antenna shown below.
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Figure 1: Quad antenna - two column dual polarized elements.

In [3] the following 4-branch VAM matrix is proposed
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Now, assuming the antenna structure in Figure 1 with a column separation of (/2 and 90° HPBW elements we have the following (Figure 2) resulting power patterns for virtual antenna ports when exciting a single port. For reference, the element pattern is shown as well as dashed lines. It can be noted that there is indeed a spatial impact on the first and second virtual port which are used for transmitting legacy signals. Hence the third property above is not fulfilled.
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Figure 2: Resulting beam patterns using the VAM proposed in [3].

Again assuming a quad antenna with (/2 column spacing and 90° HPBW elements, we propose the following VAM matrix.
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[image: image5]
Figure 3: Beam power pattern for VAM2.

Figure 3 show the resulting virtual beam power pattern achieved with VAM2. From this it is seen that there is no spatial impact on the 1st and 2nd beam port. Hence, this transformation does fulfill the third requirement as stated above. Port 1 and 2 covers the entire sector and have orthogonal polarizations. Thus, also the second criterion is fulfilled by this transformation. 
Further, antenna ports 3 and 4, also having orthogonal polarizations, have different coverage compared to the first two virtual ports. This will improve the possibility for having higher rank transmissions, especially for channels with large angular spread, compared to a VAM matrix giving two identical sets of beams where the polarizations are orthogonal within each set.
3 System impact from VAM
From the above it is clear that it is possible to find a VAM transformation that gives virtual antenna ports with expected properties for a quad antenna. Note though that this VAM matrix only suit this particular antenna installation. If another antenna deployment is used, the VAM matrix needs to be adapted to this particular deployment. If a uniform linear array with single polarized elements is used, this VAM matrix would not fulfill the properties expected from a VAM transformation. For example, in indoor installations one can expect omni directional single polarized elements or a leaky cable solution, and in such a deployment another power balancing solution is needed. Based on this reasoning we can see potential problems with a standardized VAM solution. In fact, it will not be enough with one VAM matrix, but rather the transformation needs to be adapted towards the antenna architecture. In such a case, the MIMO precoder codebook should be optimized also with this VAM matrix leading to, not only several VAMs, but also to several MIMO precoder codebooks.
Alternatively, the power balancing method has to be transparent to the UE and in this case a slightly larger MIMO precoder codebook may be needed.
4 Summary and Conclusions

In this document we have shown that there exists a VAM transformation matrix that achieves the expected properties for a two column array of dual polarized elements. The transformation achieves power balancing, the resulting virtual beams have no beamforming effect on the first and second port (used for legacy) and have minimal spatial impact on the two remaining ports.
However, the concept of a standardized VAM has several drawbacks. For example, the particular transformation matrix needs to be adapted to the specific antenna installation. The MIMO precoder codebook needs to be optimized together with the VAM matrix.
Based on the above we propose that a VAM matrix is not standardized.
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