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1 Introduction
Recently, it was suggested to use the D-TxAA MIMO scheme for further evaluation of MIMO techniques in Rel-7. For operation of MIMO according to the description of dual stream TxAA in [1], a number of potential issues were identified. In this contribution potential issues when operating the D-TxAA MIMO scheme are summarized. .
2 Executive Summary

The following issues have been identified when considering D-TxAA MIMO:

1. The nature of the technique, based on antenna beamforming, makes D-TxAA incompatible with Node-B antenna configurations that rely on cross-polarized antennas mounted on the same pole. The fact that both transmit antennas are physically located at the same exact point means that spatial beamforming is not possible due to the lack of spatial resolution between transmit antennas.  

2. The nature of the technique, based on beamforming, will cause interference fluctuation across the system (the so called “flashlight effect”) which will degrade the quality of the CQI measurements and ultimately have a negative impact on performance.

3. D-TxAA uses unprotected transmission of feedback bits, which will again impact performance when FBI errors occur.

4. The performance of D-TxAA is only marginally higher than simple PARC with linear equalizers even assuming perfect FBI. Its performance is hence far away from PARC with SIC receivers. This is a sign that the transmit beamforming vectors do not orthogonalize the streams at the receiver end.

By using the simple PARC scheme, one rids the system of the above list of issues.

3 Dual stream TxAA MIMO
3.1 Interference Fluctuations
In D-TxAA, the transmit power allocated to a specific UE can be sent with one beam (single stream case) or could alternatively be split between 2 beams (dual stream case). Due to this dynamic split of the transmit power (100% of the HS-DPSCH power on one beam or 50% on each of two beams depending on channel conditions) and due to the fast variation of the beam weights on a per-TTI or per-slot basis, the total interference experienced by UEs in the system (MIMO capable as well as legacy UEs) will vary significantly more than in a system with constant transmit power allocation across antennas and spatially uniform radiation.
This increase of fast interference fluctuations will significantly degrade the CQI reporting quality of UEs in the network since the level of interference in the CQI measurement intervals does not correlate well with the level of interference in scheduling intervals. The negative impact of the “flashlight” effect was already investigated for CLTD mode 1 operation in HSDPA, see [2].
In order to give an impression how this mechanism works, some exemplary TxAA and D-TxAA beam forming patterns were generated using the antenna characteristics as defined in [3] for the three sectors case (i.e. antennas with 70 degree 3-dB-beamwidth). Two such antennas with a horizontal spacing of 2λ and identical orientation were assumed. 
In Figure 1, subplot  a) through d) four different possible resulting beam forming patterns are depicted that could result from single stream transmission in D-TxAA according to [1] when CLTD mode 1 weights are used. Furthermore, the range of directions for paths to a hypothetically assumed legacy UE that might get interfered by the beams is indicated by light blue arrows. In subplot a) the interference created by the beam for the UE that is served with the blue antenna pattern would cause very little interference to that legacy UE. The red pattern in subplot b) would already cause a slightly higher level of interference. The yellow beam in subplot c) would create a much higher level of interference to the assumed legacy UE as well as the green pattern in subplot d). In Figure 2, subplot a) and b), the possible beam pattern combinations for dual stream transmission in D-TxAA using CLTD mode 1 weights are depicted. Note that the available HS-PDSCH transmit power is uniformly split between the two beam patterns of each pattern combination. Assuming that uncorrelated signals are transmitted on each beam, the combined radiation pattern that would result is depicted as magenta coloured lines in Figure 2. In both cases (a & b) the resulting interference level would be on a medium level compared to cases c) and d) of the single stream transmission.
The presented beam patterns in Figure 1 and Figure 2 illustrate that using a MIMO scheme with fast dynamic changes between different beams and switching between single and dual stream transmission does bear the risk of high fluctuations in the interference power experienced by legacy UEs. This is actually also a problem for other MIMO capable UEs (not only legacy UEs) as the interference fluctuations will have a negative impact on the CQI reporting quality of the overall UE population.
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Figure 1. Possible  beam patterns for CLTD mode 1 weights.
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Figure 2. Possible beam pattern combinations for dual stream TxAA, CLTD mode 1 weights.

3.2 Unprotected Feedback

D-TxAA relies on unprotected feedback information which is carried from the UEs to the Node B receivers without use of forward error correction coding. Therefore, the feedback information is subject to high error rates for reasonable UE transmit power allocations. Because of this error-prone feedback channel, the Node B transmitter will apply wrong beam forming weights in a more or less frequent manner depending on the uplink capacity invested into the feedback. If the UE that is getting scheduled does not know about the erroneous reception of feedback bits at the Node B, the link performance would significantly degrade. In order to limit this performance loss, the UE has to verify constantly, whether the Node B did apply the right beam forming weights (antenna verification). This procedure of antenna verification can become quite complex at the UE side depending on the number of possible beam forming weights. In the worst case, a UE would have to buffer and try to decode the received data for each possible beam forming hypothesis.
In order to illustrate the effect of using mismatched beams, we use again some exemplary CLTD/D-TxAA beam patterns. The assumptions used to generate these patterns are the same as in the previous sub-section, i.e. two antennas with 70 degree 3-dB-beamwidth, horizontal spacing of 2λ and identical orientation were assumed.

In Figure 3, subplot a), the desired beam to serve a UE with propagation paths as indicated by the blue arrows is depicted. The resulting gains in the directions of the UE to be served are relatively high. However, if the Node B didn’t receive the FBI bit correctly, the beam pattern in Figure 3, subplot b) would be used for the actual transmission to the UE. In that case, the resulting gains in the directions of the UE to be served are very low. It is obvious, that this mismatch of the selected transmit beam does degrade the link quality quite significantly.
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Figure 3. Beam mismatch for single stream transmission.

In Figure 3, subplot a), the desired beam to serve a single data stream a UE with propagation paths as indicated by the blue arrows is depicted. The resulting gains in the directions of the UE to be served are relatively high. However, if the Node B didn’t receive the FBI bit correctly, the beam pattern in Figure 3, subplot b) would be used for the actual transmission to the US. In that case, the resulting gains in the directions of the UE to be served are very low. It is obvious, that this mismatch of the selected transmit beam does degrade the link quality quite significantly.
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Figure 4. Beam mismatch for dual stream transmission.

In Figure 4, subplot a), the desired beam pattern combination to serve two data streams to a UE with propagation paths as indicated by the blue arrows is depicted. Each of the blue arrows shall correspond to propagation paths that should carry one of the data streams. The resulting gains in the directions of the UE to be served are relatively high for each stream and the cross interference between streams is relatively low, i.e. the blue pattern that serves the first stream is at high gain for the first direction and at rather low gain at the second direction. The opposite is true for the yellow pattern: Low gain for the first stream, high gain for the second stream. However, if the Node B didn’t receive the FBI bit correctly, the beam pattern combination in Figure 4, subplot b) would be used for the actual transmission to the UE. In that case, the resulting gains in the desired directions for each stream are about the same as the gains towards the interfered stream. This will result in lower gain for each stream and higher cross-stream interference. It is obvious, that this mismatch of the selected transmit beam pattern does degrade the link quality quite significantly.
3.3 Spatial Resolution
In order to get reasonable spatial resolution to form beams with sufficient spatial selectivity over conventional antenna patterns (e.g. a sector pattern of a three sector site), the spatial separation of the transmit antennas needs to be chosen appropriately. A large number of already deployed antennas installations are using dual cross-polarized antennas that are virtually co-located in one antenna housing. With such antenna installations it will not be possible to achieve reasonable spatial selectivity between beams. Therefore, operation of D-TxAA would not be compatible with this kind of antenna installations.
For illustrating this effect, the four different possible CLTD/D-TxAA beams for mode 1 weights are depicted in Figure 5 for different antenna spacing (two antennas with 70 degree 3-dB-beamwidth).
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Figure 5. Spatial resolution for different antenna spacings, a) 2λ, b) 0.5λ, c)  0.25λ .

3.4 Absence of Orthogonality between streams
It was claimed that D-TxAA would allow for smaller complexity in the UE because of orthogonality between streams in case of dual stream transmission [1]. This orthogonality will almost certainly not be possible in real world systems for the following reasons: 
1) Only in case of single path radio channels, the streams could be transmitted in an orthogonal way by applying the correct beam forming weight vectors at the transmitter and receiver. If there is any residual multi-path or maybe more significant multi-path, orthogonality cannot be reached by beam forming alone. 
2) Even if the channel is absolutely flat (which will only be the case in a rather small percentage of cases, even in micro cellular environments), the orthogonal transmission of two streams would require knowing exactly the eigenvectors of the channel at the transmitter and using exactly these eigenvectors as beam forming weights. With a small number of quantization levels for beam forming vectors (like the mode 1 or mode 2 weight vectors used in [1]), there is no possibility to feedback accurate information on the eigenvectors of the channel to the transmitter. Only very coarse approximations of the eigenvectors of the channel can be fed back. 
3) Due to feedback errors, the Node B will not be able to always apply the right beam forming weights. Therefore, orthogonality will also be degraded by the more or less frequent mismatch between desired beam and actually applied beam.
Due to these issues, it seems quite unrealistic to assume that orthogonality could be achieved in D-TxAA when transmitting multiple beams in parallel. Since orthogonality between streams seems not a reasonable assumption for the operation of D-TxAA in realistic channels, there will be a performance gap between SIC based and linear receiver architectures. Therefore, even in case of D-TxAA, the use of SIC based receivers most likely cannot be avoided if performance is of prime interest. Preliminary system level simulation results presented in [4] confirm that the performance gap between D-TxAA with linear receivers and PARC with SIC based receivers is indeed present and about the same as between PARC with LMMSE and PARC with SIC.
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Figure 6. Non-orthogonal transmission.
Figure 6 depicts and example for this non-orthogonal transmission of two streams (2 antennas with 70 degree 3-dB-beamwidth, horizontal spacing of 2λ). It is assumed that the blue beam serves red path (1st stream) and the yellow beam serves cyan path (2nd stream). It is obvious that each stream gets interference from the other one. At the same time it is unlikely that a receiver beam forming at the UE could cancel that interference. So in this non-orthogonal case, the UE receiver would need to do some more sophisticated processing to take care of this interference (e.g. SIC).
3.5 Interference from Serving Cell

In any system where the specific part of the cell transmit power carrying the payload for the scheduled UE is reaching the scheduled UE via a different channel than the overhead and other physical channels from the same cell, there will be a problem to do a decent job of equalization in multi-path channels. If the equalizer in the UE would be tuned to the channel seen through the UE-specific beam that only carries the payload for that UE, the remaining transmit power of the cell  (overhead, R99 channels, other scheduled UEs) would not go through the same channel and  could therefore not be removed by a linear equalizer. This remaining power would cause a significant amount of interference even if other cell interference is very small or not present at all. 
The following example shall illustrate this effect (2 antennas with 70 degree 3-dB-beamwidth, horizontal spacing of 2λ). A single stream transmission is assumed. First we refer to Figure 7. The blue beam serves HS-PDSCHs to the UE (assuming to contain 75% of the Node B power). The sector pattern in red serves overhead channels and other R99 channels or other UE’s (assuming to contain 25% of Node B power). The served UE tunes its equalizer to the channel seen through blue beam and the interference received from the red pattern and Ioc. The geometry (Ior_hat/Ioc) is assumed to be 10 dB.
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Figure 7. Example of simultaneous transmission of one beam & sector

[image: image16]  
[image: image17]
Figure 8. Effective channel impulse responses before/after equalization.

For the depicted example, it is assumed that the channel “seen” by the UE through the blue beam (including RRC filtering) would correspond to the channel impulse response shown in blue on the left hand side in Figure 8. Equivalently, the channel impulse response shown in red on the left hand side in Figure 8 should correspond to the channel “seen” by the UE for the sector. If the UE has perfect knowledge of the channels, the power allocations of the sector/beam and the geometry (assuming white Ioc), the resulting channel impulse responses for the sector or the beam when an optimal LMMSE tuned to the blue channel impulse response on the left hand side in Figure 8 – taking into account the interference from the red channel impulse response on the left hand side in Figure 8and the white Ioc – would actually be used in the UE, are depicted on the right hand side in  Figure 8 in blue and red, respectively. It is quite clear that the Node B transmitter power seen through red sector pattern persists as interference after the LMMSE. In this specific example, the resulting SNIR after the LMMSE would be 3.4 dB, which is very low for a 10 dB geometry.
4 Conclusions

It is expected that the discussed properties of D-TxAA will lead to significant performance degradation compared to the idealistic results presented in [1] and – probably more importantly – will have a critical impact on the robustness of the operation of this scheme in real world networks. Furthermore, D-TxAA is incompatible with existing antenna installations like dual polarized antennas. More robust MIMO schemes like PARC should be considered.
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