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1.
Introduction

This paper clarifies various aspects regarding the eigenbeamformer (EBF) compared to R’99 beamforming methods and open-loop schemes (STTD). It addresses and corrects some statements that have been made in the discussion paper by Nokia [1].

2.
Comments on the observations in Tdoc R1-02-0117 (Nokia)

In this section comments on the observations from Nokia are given. The items are numbered according to section 2.2 in [1].

1. antenna configuration:

The EBF can be used with any antenna configuration at the Node B. Eigen-Transformation is optimal in exploiting spatial correlation in any case. As in all closed-loop Tx diversity schemes, performance degrades with increasing speed. Due to the efficient use of spatial correlation the feedback rate is very reduced and thus serious degradation occurs only for very high speed. In contrast to the EBF, open-loop schemes require uncorrelated antennas for best performance which can not always be achieved by large antenna spacing due to limited space at the Node B site.

2. antenna spacing:
It is one of the unique features of the EBF to work with any kind of antenna spacing, more generally, with any form of antenna configuration (e.g. linear or circular); see point 1. Clearly, the EBF is not limited to the case of short antenna spacing.

3. complexity at UE:
The main complexity at the UE compared to R’99 comes from the necessity to make channel estimation on 4 antennas instead of only 2 antennas. This complexity is needed for any 4 antenna closed-loop Tx diversity scheme as well as 4-STTD schemes (e.g. [2]). It has been shown that the additional complexity needed for calculation of the eigenbeams are rather small compared with this amount of complexity that is needed anyway [3]. Even further complexity reduction is possible exploiting the continuous change of the spatial covariance matrix (linked to the continuous change of the UE position).

4. interference suppression:
Tx diversity techniques aim to increase capacity in order to be able to have many UEs in a cell. For example in a scenario with about 60 UEs, joint optimisation for multiple UEs does not bring any gain compared to a separate optimisation. This is because the number of UEs is by far larger than the number of antenna elements, i.e., the number of steerable “nulls” in the antenna pattern.

5. interaction with other feedback methods and HSDPA:
The EBF works especially well if combined with HSDPA. Then the antenna gain obtained from the closed-loop Tx diversity method adds on top of the fast scheduling gain of HSDPA. Opposed to that, open-loop Tx diversity techniques which reduce the fading variations will give a better performance on the link level but will degrade the efficiency of the fast scheduling in HSDPA (e.g. [4]). Interaction of feedback methods (e.g. HARQ, AMC) is not critical since the feedback of the EBF is transmitted on the uplink DPCH and is applied to the HS-DSCH and DPCH in downlink. Closed-loop Tx diversity in the SHO case has not been standardized in an optimal way in R’99. This does not mean that for the EBF no better solution for SHO can be found.

6. quantization and long-term feedback:
Long-term feedback with realistic parameters has been investigated and the simulation results have been presented in [5]. The effects are not critical and the gains of the EBF could be shown clearly. In the current proposal of the EBF about 110 bits are used for a set of two eigenbeams. This corresponds to 1.1s for the complete transmission of long-term channel information. We do not expect any negative impact from this feedback duration. This is also the reason why we proposed a simple BCH code for coding the long-term feedback bits. If this had been a problem, another, more elaborated, coding scheme or a differential method for transmitting the eigenbeams would have been used.

7. antenna verification:
Antenna verification is necessary for closed-loop Tx diversity methods to achieve high performance. For the EBF antenna verification is a straightforward application of the MAP decision rule and requires actually less complexity then antenna verification for R’99 closed-loop methods. In our simulations, ideal antenna verification has been assumed. We expect that for the EBF the performance of real antenna verification is very close to the performance of ideal antenna verification.

8. link level simulations:
Any 4-antenna Tx diversity technique (e.g. also 4-antenna STTD) will lead to an “unfair” comparison with 1 antenna systems or 2-antenna R’99 closed-loop Tx diversity schemes in link level simulations regarding CPICH power. Please note that in our simulations always 10% of the total cell power has been assigned for the CPICH power, no matter if the CPICH was distributed via 1, 2 or 4 antennas. Of course, system level simulations will get a more elaborated comparison on this issue. The simulation parameters used have been presented and agreed in RAN WG1 (one slot delay, power control, correlation etc.). They have also been used by other companies and are very well suitable for link level comparisons.

9. phase quantization:

Quantization is described in TR25.869-020 [6], section 5.1.2. Each eigenbeam is quantized with 27 bits (absolute value of each weight vector element is quantized with 3 bits and the phase with 5 bits; the first vector element has always phase zero). In the simulation results eigenbeams with this kind of quantization have been used [6]. In contrast, the performance effect of UEs that are not in the center of a beam (e.g. in between two beams) using the fixed beamforming method has more impact than the effects due to quantization errors for the EBF.

10. dominant eigenbeams:
If there are the two cases of “no spatial correlation” and “ full spatial correlation” as stated in [1], then why are there no realistic “in between” cases (e.g., large angular spread due to different street canyons ending in a market place or widely spaced antennas with low angular spread)? Cases with two dominant eigenvalues can exist (see e.g. COST259 “Bad Urban” or [7] ) and are therefore relevant for the evaluation of new Tx diversity schemes beyond Release 5. The figures in chapter 2.3. in [1] are misleading, since it is not clear how the energy is distributed on different directions or temporal taps respectively. Also, it does not show cases that consist of 4 equally distributed eigenvalues which should be the case.
In addition:

11. backwards compatibility:
EBF is fully backwards compatible. 2-antenna STTD as well as R’99 closed-loop mode 1 or mode 2 can be used in parallel in the same cell for Release 99 or Release 4 UEs. The 2 R’99 antennas can be part of the 4 antennas used for eigenbeamforming without compatibility problems.

12. code shortage:
In case of code shortage the EBF can also be used with several scrambling codes within a cell. So there is no drawback to other Tx diversity schemes with respect to code shortage.

3.
Spatial Channels and related performance of Tx diversity schemes

When we are discussing new Tx diversity techniques to be standardized for more than 2 antennas correlation between antennas needs to be considered in the evaluation between different concepts. For R’99 Tx diversity techniques the decisions have been made based on simulations that did not consider correlation, so these techniques have not been designed and optimized with respect to antenna correlation.

For the comparison of advanced Tx diversity concepts with a higher number of antenna elements a model that includes antenna correlation is necessary. In RAN WG1 the model in TR25.869 section 6.1.2.1 [6] has been accepted and was used in the simulations for the EBF. Also the current discussion on a channel model for MIMO is taking into account antenna correlation.

Correlation itself is related to parameters of the physical channel, e.g.

· the closer the antenna spacing the higher the correlation between the antennas

· a narrow power angular spread (PAS) leads to high antenna correlation

· in a scenario with large time delay spread (power delay profile) also a large PAS can be assumed (see [8])

These general statements make clear that antenna correlation depends on several parameters, partly on the antenna at the Node B, partly on the physical environment in the cell. Therefore, simulation conditions should not be limited to the two “extreme” case of a totally uncorrelated case and a fully correlated case. Partial correlated scenarios (i.e. with 2 dominant eigenvalues of the antenna covariance matrix) are relevant for the Tx diversity discussion.

Of course any new technique that is getting standardized needs to be evaluated on a wide range of scenarios. The more it is applicable to the better. So the EBF needs to be investigated in the uncorrelated and the macro case (see 3.1 and 3.2) in addition to the micro case where it has superior performance. Vice versa, we know that STTD schemes can show diversity gain if the antenna elements are uncorrelated. However, STTD schemes need to be investigated also if the diversity gain still holds if the antennas are getting correlated. It is unrealistic that in practice the correlation will be exactly zero, e.g. if STTD has some gain in a totally uncorrelated scenario this gain needs to be verified towards a scenario when uncorrelated antenna elements are not achievable.

As a response to [1] we show the applicability of the EBF for the uncorrelated and the macro scenario in the next two sections. Please note that for these scenarios the EBF was not designed for but still shows remarkable gains with respect to other schemes. In the uncorrelated scenario we take the R’99 STTD and the 4-STTD proposal from Nokia [2] as reference. In the macro case we compare to user-specific beamforming and grid (fixed) beamforming.

3.1 Eigenbeamformer compared to STTD

In Figure 1 simulation results for the uncorrelated scenario are shown for a Ped A channel. It can be seen that STTD has no gains at low velocities and consequently the R’99 mode 1 would be sufficient. However, the EBF provides about 1.7 dB gain for low velocities compared to R’99 mode 1. At high velocities (120 km/h) the 2-antenna STTD scheme (R’99) would achieve best performance. Note that an uncorrelated scenario mostly refers to a small (pico) cell where high mobile speeds are rather unlikely. 
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Figure 1: Simulation results for uncorrelated scenario, Ped A

It is shown that the EBF has sufficient performance gain also in the uncorrelated scenario, where it was not optimized for. 4-STTD performs lower or equal to the R’99 techniques of 2-antenna STTD or closed-loop mode 1. The situation would be worse if the antenna paths are not ideally uncorrelated.

Besides the observations from the simulation results, STTD is not appropriate to be used for the HS-DSCH channel in HSDPA, since it will reduce the scheduling gain for HSDPA. 

For closed-loop Tx diversity HSDPA offers some simplifications since the HS-DSCH is always transmitted from one Node B and is not in SHO. For any new closed-loop Tx diversity scheme that is applied solely to the HS-DSCH channel no problems with SHO are expected. For the DPCH the handover situation could be as already specified in R’99.

3.2 Eigenbeamformer compared to fixed and user-specific beamforming

The two alternatives for (uplink based) beamforming mentioned in RAN WG1 so far have been “fixed beamforming” and “user-specific beamforming”. Both have the advantage that they are already possible within the existing R’99 standard and proprietary solutions are feasible. However, with these techniques problems occur with channel estimation and uplink-downlink reciprocity in FDD.

For fixed beamforming, each beam needs a S-CPICH for the UE to estimate the channel impulse response. For example a system with 8 beams needs to transmit 8 different S-CPICH in one cell, even if the number of antennas is lower (e.g. 4). For cell based measurements a cell-wide CPICH with an omni characteristic is still needed, e.g. for handover measurements. In total the system resources in terms of Node B transmission power is not used very efficiently and capacity is wasted. In [1] it is stated that the EBF offers only a few beams for selection. This is not a disadvantage since the eigenbeams are well optimized (with high resolution) to maximise the receive power at the UE. In addition the EBF is able to do this selection about once per slot, whereas fixed beamforming offers no ability to change the beam selection very frequently.


For user-specific beamforming channel estimation is done on the dedicated pilot bits (DPCH). Since these are sent with lower power then the CPICH the performance degrades. Also, for user-specific beamforming based on DOA estimation it is well known that DOA estimation algorithms don’t properly capture angular spread and, therefore, nulling users based on DOA estimates will not work well. Moreover, model order estimation for channels with large angular spread is problematic (the correct model order is required as input by most of the DOA estimation algorithms, otherwise not robust).

Both (uplink based) beamforming methods can make the spatial measurements in the uplink only. In an FDD system this leads to problems, since the measurements received from the uplink cannot be used in the downlink. Estimation errors occur and transformation or calibration calculations at the Node B are necessary.

Fast fading is independent in the uplink and downlink, so the uplink based beamforming techniques cannot exploit fast fading and can therefore only be used in highly correlated scenarios (macro case), which is very limiting.
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Figure 2: Simulation results for macro scenario, Veh A
Figure 2 provides simulation results of the EBF compared to the user-specific beamforming technique and R’99 mode 1. The performance of R’99 mode 1 can be improved by about 1.2 dB by the user-specific beamforming method with 4 antennas. However the EBF gains about 2-3 dB due to finer granularity in adjusting the beams (higher quantization).

4.
Summary

When standardizing Tx diversity for more than two antennas beyond Release 5 correlation between antennas becomes more evident. Therefore schemes that are optimized to exploit correlation should be considered in the discussion for new techniques. Up to date the only proposal that is considering correlation in a very flexible manner is eigenbeamforming. It provides performance gains over a wide range of channel scenarios and should therefore be considered in Release 6.

The main advantages of the eigenbeamformer are

· large gains due to the optimized scheme for correlated antennas (2-3 dB gain in macro and micro scenario compared to R’99 mode 1)

· also usable in uncorrelated scenario with performance gain

· usable with any antenna configuration at Node B

· backwards compatible to R’99 / R’4

· despite a low feedback rate needed in uplink fast fading can be mitigated

· easy antenna verification

· superior to STTD (for the relevant low speeds); especially true for HS-DSCH channel

· no calibration at the Node B antennas (uplink – downlink) necessary

· additional amount of CPICH energy for channel estimation using 4 antennas is relatively low
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