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Discussion 
1. Introduction
As discussed in [1] and [2], it is important to consider a power balancing solution for the standardization of 4 branch MIMO. One solution for the power balancing is the so called Virtual Antenna Mapping (VAM). The VAM distributes the signal of one virtual antenna equally to all physical antennas and hence achieves balanced power. 
This weighted distribution from virtual to physical antennas may act as a constant beamforming. In this contribution, the influence of the beamforming of common pilots on legacy UEs is analysed. 

2. VAM structure 
Although already introduced in a previous contribution [2], the structure of the VAM is shortly reviewed.

Figure 1 shows the integration of the VAM network in the 4Tx transmitter. Since the output of the 4Tx precoder is power balanced, the VAM network has to be applied only to not 4Tx-precoded channels. This avoids any impact of the VAM on the 4Tx precoder and we maintain complete freedom for the design of the precoder. 
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Figure 1: Integration of the VAM network into the transmitter structure of 4Tx MIMO
Note 1: In order to do the weight selection on the UE side or the channel estimation based on common pilots, 4Tx UEs would have to have knowledge of the VAM matrix. If the VAM matrix is standardized, it is known by the UE and no additional signalling is required.
Note 2: Since the VAM-weights are also applied to common pilots, the pilots experience the VAM as a constant beamforming which has an impact on legacy UEs.
3. VAM matrix based on previous proposal
For 2x2 MIMO, there exist different proprietary solutions, e.g. a VAM matrix given by
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For this matrix, beamforming could be avoided by using cross-polarized antennas. The signal of each physical antenna is transmitted over a different polarization plain. Hence common pilots would not experience beamforming. 

In [2], the following construction of the 4Tx VAM matrix is proposed:
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where the first row of the matrix characterizes the mapping of the first virtual channel to the 4 physical channels. If beamforming of the P-CPICH has to be avoided, similar to 2Tx MIMO, polarized antennas can be used. Assuming the signal of the 1st and 3rd physical antenna is transmitted over one polarization and the signal of the 2nd and 4th over the other, the signal from virtual antenna 1 (P-CPICH) would be weighted by the 1st and 3rd / 2nd and 4th value of the first column of the VAM matrix, i.e. [1/2 1/2] and [(1+i)/sqrt(8) (1+i)/sqrt(8)], respectively. Since the weights for each polarization is equal, the P-CPICH will not be beamformed. Due to the structure of the 4Tx VAM, this applies also for the first S-CPICH transmitted over virtual channel 2. Since both legacy pilots are not beamformed, no influence on legacy UEs is expected.
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Figure 2: Beamforming pattern of the 1st virtual antenna using VAM
Using a linear antenna array, beamforming of the pilots can be observed. Depending on the antenna configuration, the beamforming is more or less pronounced. As an example, in Figure 2, the beam pattern of 4 omni-directional antennas weighted with the first column of the VAM vector is shown. 
However, in a fading environment where all channel may have different phases and different delays, the picture of beamforming does not hold. Due to the temporal and spatial changing channel, the “beam” changes locally and temporally. More correctly, the weighting can be understood as spatial filter which adapts to the particular channel conditions. For example, it may occur that a not moving user would change the beam (PCI) due to changing fading environment. Hence, coverage holes will not only be local but also temporal. Consequently gains and losses of the spatial filtering will average out over time and the performance of UEs should not be decreases permanently. 

The detailed evaluation of the spatial filtering on the legacy pilot transmission is complex. In Figure 3, preliminary simulation results for legacy UEs served by a 4Tx NB are shown. The SINR for transmission with and without VAM is compared. 
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Figure 3: SINR comparison
It can be seen that the difference between the two curves is very small. The simulation assumptions can be found in Appendix A. 
4. Summary
In this contribution, the drawbacks of a VAM network are evaluated. In particular, solutions to avoid beamforming of the first and second common pilot are provided. In addition, it was shown by simulations that the VAM has limited influence on legacy UEs.

Proposal 1: Agreement, that a power balancing network should be included in the 4Tx design.
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Appendix
	Parameter
	Value

	VAM
	Present / NOT present 

	P-CPICH Ec/Ior
	-10dB

	S-CPICH Ec/Ior
	-13dB

	S-CPICH2 , S-CPICH3  Ec/Ior
	-13dB

	Dedicated pilots power
	Not present

	Control channels power
	-10dB

	HS-PDSCH power
	Variable, depending on cumulative pilot power

	CQI delay
	3 TTIs

	PCI delay
	3 TTIs

	RI delay
	3 TTIs

	Channel estimation
	Real 

	Channel model
	PedA3

	Receiver type
	LMMSE, interference aware
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