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1.
Introduction

The purpose of this paper is to continue the discussion concerning to the eigenbeamformer (EBF) on the basis given by [1] and [2].

2.
Comments to Section 2 of Tdoc R1-02-0275 (Siemens)

In Section 2 of [2] some comments on [1] were considered. Here we discuss these comments and give further arguments that support our view. Referred numbering follow [1] and [2] 

· Points 1-3 of [2]: It is argued that eigenbeamformer kind of solution would be optimal. From practical point of view this is hard to believe since (a) correlation matrix and corresponding eigenvalues are computed in mobile using some filtering and hence, filtering parameter(s) in mobile is needed  (b) feedback needs to be quantized, (c) there is a certain delay before Node B will receive the feedback information, and (d) antenna verification is needed. All these aspects make the system very complex in practise. We also emphasize that the statement of R1-02-0275: "the EBF can be used with any antenna configuration at the Node B. Eigen-Transformation is optimal in exploiting spatial correlation in any case. Due to the efficient use of spatial correlation the feedback rate is very reduced " is much too optimistic since, for example, in case of diversity antennas with low correlation (spatial or polarisation diversity) the optimal eigenvectors change rapidly as the radio channel changes between Node B and the UE –even with low UE velocities. This is because the SINR at each antenna branch change with a speed comparable to the coherence time of the particular radio channel. For 30 km/h and 2GHz carrier the coherence time of the radio channel is less than 10ms and slow feedback rate does not help. The same problem occurs in case of an antenna array (with antenna spacing of 0.5 wavelengths) if the azimuth angular spread is large. Moreover, the applicability of different antenna configurations together with eigenbeamformer is not a big advance since there is only a minor performance gain, if any, available from this property. From practical point of view eigenbeamforming is not a solution for the size problems concerning to antenna configurations. A conventional beamforming antenna system is compact since antenna spacing is small. On the other hand, for transmit diversity purposes cross-polarized antennas can be used instead of spatially separated antennas (2 Tx antenna case) and in 4 Tx antenna case spatially separated pairs of cross-polarized antennas can be utilized. Finally, if a large antenna separation is needed for low correlation, then (original) environment should be more feasible for beamforming than transmit diversity. 
· Points 4, 5 and 12 of [2]: It is true that intra-cell interference can not be mitigated in case of large number of low-bit-rate users in the same cell. However, the intra/inter cell interference level can be optimised if beamforming is controlled in Node B to minimise interference only to dominant high-bit-rate users. Since only few high data rate users are served at the same time, the interference suppression is a feasible technique. More importantly, when using fixed beams, different scrambling codes can be used in different DL beams in such a way that interbeam interference is very low. This will increase the capacity of the system remarkably since DL spreading codes can be reused in separate beams. In eigenbeamforming system separate scrambling codes will interfere each other and such a capacity increase is not possible. From HSDPA point of view conventional beamforming is very attractive: the code shortage problem can be solved efficiently as described above and the geometrical structure of fixed beams can be effectively combined with HSDPA scheduling. The clear beam structure also provides means for effective use of HSDPA features.

· Points 6, 7 and 9 of [2]: The number and level of beams seen by mobile vary depending on the environment and antenna configuration. Hence, any quantization will be compromise. Antenna verification is not as simple and straightforward operation as is argued in point 7 of [2]. Both eigenbeamforming quantization and antenna verification will increase the mobile (and the whole system) complexity.

· Point 8 of [2]: When transmit diversity schemes are compared it is important to do fair comparison and thus, widely agreed simulation assumptions should be used. However, it should be kept in mind the difference of transmitted pilot power and received pilot power. We mean by this the difference of fixed beamforming and eigenbeamforming. In fixed beamforming separate common pilots are used in separate beams while in eigenbeamforming separate common pilots are used in separate antennas. It follows that common pilots in fixed beamforming experience array gain which is several dB's (4-6 dB in case of 4 antenna array). In eigenbeamforming such a gain is not available.   

· Point 10 of [2]: In practise most of the cases are "low spatial correlation" or "high spatial correlation". Of course, it is possible to find also places where two dominant eigenvalues exists, but is it reasonable to place antenna system in such a place if it can be avoided? At least it does not seem to be resonable to design standards based on those very seldom special cases. Typical angular spread in macro cells is 5-10 degrees and the half-power beam width of a 4-antenna phased array is approximately 25 degrees. This indicates that the degree of angular diversity in typical macro environments is so low that only a single dominant Eigenvector can be extracted from the spatial correlation matrix. So, the typical macro cells – which represent large majority of sites of network - do not exhibit favorable conditions for the proposed EBF method which selects the best of two dominant Eigenvectors. If antenna spacing is increased the EBF method requires a high feedback rate. This subject has been studied in more details in Section 3.

· Point 11 of [2]: If 4 P-CPICH's are used, then Rel'99 mobiles can use only 2 of them in channel estimation. If common pilot power is divided by 4 then Rel'99 mobiles can get only half of the total transmitted power and their performance is violated. If total pilot power is increased, then interference in the network is also increased while system capacity is decreasing. Finally, different weights on antennas serving Rel'99 mobiles can be used in order to provide enough pilot energy for those mobiles. This will, however, reduce the performance of the eigenbeamforming (as well as other 4-Tx-diversity schemas utilizing four common pilots) and make the system difficult to control.   

3.
Spatial Channels 

Reference [1] is not claiming that the mentioned cases "no spatial correlation" and "full spatial correlation" would be the only possible ones in urban environment. Definitely different intermediate propagation cases are possible and therefore also realistic, but the key question is how probable it is that such conditions exist in typical propagation environments. One of the aims of measurement campaign referred in [1] was to characterise typical spatial properties of urban radio channel and therefore identify such probabilities. According to our understanding in standardisation discussion concentration on typical propagation behaviour is far more important than taking some special propagation conditions as a basis of the scheme comparisons. Considering that the amount of measured data in the referred campaign is more than what is collected in most of the channel sounding campaigns, this measurement set should provide high reliability in statistical sense. As already stated in [1], in the above-mentioned measurements typically strong contribution of the dominant propagation route (with relatively narrow angular spread) was observed. Therefore, e.g. cases with 4 equipowered eigenvalues were never observed. 

Another extensive spatial channel measurement campaign, carried out in the framework of the ACTS-TSUNAMI II project, showed also that received energy at the BTS was typically concentrated into the transmitter direction and the azimuthal power spectrum (APS) showed Laplacian shape [3]. Therefore these results were well in line with those showed in [1]. Also in [3] some special cases with non-Laplacian distribution were observed (e.g. two-peak APSs), but their probability was seen to be low.

As stated in [2] some propagation models, like COST 259 spatial channel model with bad urban parameters, take such two-cluster situations into account. Such model scenarious are essential so that e.g. robustness of the different link-level algorithm concepts can be tested. However, the existence of such modelling scenarious does not automatically mean that those cases would be the most typical ones with normal cellular installations. Additionally, justification of the existence of certain propagation mechanism by the existence of the corresponding channel model, can not generally be considered as a very strong argument.

Reference [1] showed eigenvalue distributions for two different base station antenna heights. Analysis below show how BTS installation affects on the corresponding delay properties. We define the local Power Delay Profile (PDP) assuming spatial ergodicity as
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where hm(() denotes the recorded channel impulse response at the m-th antenna element. Only those parts of the power delay profile (PDP) which are within 10dB (20dB) window compared to the strongest delay tap are used for the delay spread (DS) and the maximum excess delay evaluation.

The rms delay spread S( is now defined as
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The maximum excess delay ((max is defined as the difference between the minimum and maximum delay with the restricted dynamics of 10 and 20dB.

Figure 1 and Figure 2 show delay characteristics separately for low and high BTS installation.
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Figure 1. Delay spread of low (a) and high (b) BTS installation.
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Figure 2. Maximum excess delay of low (a) and high (b) BTS installation.

With the low BTS array installation, the probability of signal components having long relative delays is lower as with the installation on top of the roof. One reason is the higher distance dependency of the path-loss in below the roodtop case. Moreover, the propagation with low BTS installation is more dominated by wave-guiding through the streets. In contrast, the propagation over the rooftops of the surrounding buildings via the pseudo-LOS paths plays a significant role when the array is mounted on the rooftop. 
4. Performance Discussion

The discussion concerning the performance differences between eigenbeamforming and already existing methods has been carried over such a long time that we will only comment the claims given in [2]. 

· Comments on Section 3.1 of [2] " Eigenbeamformer compared to STTD": A simulation result concerning to uncorrelated transmit antenna system were considered in Ped A channel and eigenbeamforming were compared with 2-STTD, closed-loop mode 1 and 4-STTD. It was found out that eigenbeamforming gives best performance at low velocities. It is known that in Ped A channel almost any 4-antenna closed-loop scheme will work well at low velocities when simulated against open-loop methods. The transmit antenna selection – which the eigenbeamforming in this case is (with an exception of being only long term)– is not an exception. In fact, its performance at low mobile speeds is worst among 4-antenna closed-loop methods (taking into account FB errors and delay). Furthermore, open-loop methods provide gain also in multipath channels such as Vehicular A and they are more robust against mobile speed. Finally, we wonder why the performance of 2-STTD and 4-STTD in Figure 1 of [2] are surprisingly bad when compared to closed-loop mode 1. Our own studies show that the performance of 2-STTD is almost equal with closed-loop mode 1 in Ped A channel [1]. Hence it is expected that at least 1.5 dB improvement in 2-STTD and 4-STTD should take place in Figure 1 of [2].   

· Comments on Section 3.2 of [2] “Eigenbeamformer compared to fixed and user-specific beamforming”: First we note that conventional beamforming methods has been studied over 30 years and they have been found very useful, simple and robust in various applications. There are no problems at all concerning the frequency difference between UL and DL since 3GPP beamforming methods employed parameters such as Direction of Arrival (DoA) that are obtained by averaging over fast fading. Concerning to fixed beamforming it is argued in [2] resources are wasted since several S-CPICH's are transmitted and, on the other hand, P-CPICH needs to be transmitted into the whole cell. Resources are not wasted at all in 3GPP beamforming since (a) the number of beams can be kept low (i.e. in 4 antenna case 4-7 beams is enough), (b) Each S-CPICH has the array gain (6 dB in 4 antenna case) which reduce the needed transmit power - eigenbeamforming has not this property, (c) P-CPICH can be transmitted into the whole cell using a certain beam that covers the whole cell. Concerning to Figure 2 of [2] we remark that it would have been more informative if (a) channel parameters would have been defined more carefully (azimuthal spread etc) and (b) results from conventional 3GPP fixed beamforming would have also been plotted. Our studies show that when using fixed beams, channel estimation from S-CPICH (having the array gain) result in a very good performance against any combination of 2–antenna transmit diversity and user specific beamforming. Results show that fixed beam forming would perform at least equally well with eigenbeamforming.    

5.
Summary

Comments concerning to [2] were given. Based on the discussion it is stated that paper [2] do not provide any new facts that would support the standardization of eigenbeamforming. 
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