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1 Introduction
In the previous meetings, there were several contributions discussing down-link (DL) beamforming (BF) issue and showing certain gain mainly in terms of cell coverage improvement [1]

 REF _Ref173730759 \n \h 
 \* MERGEFORMAT [2]

 REF _Ref173730761 \n \h 
 \* MERGEFORMAT [3]

 REF _Ref173730762 \n \h 
 \* MERGEFORMAT [4][5]. Transmit BF can offer cell throughput gain and coverage improvement in some deployment environment when there are eight transmit antennas per sector.
In this contribution, we discuss and compare three types of BF solutions, i.e. non-codebook based BF, codebook based BF, and combination between BF and MIMO. Then, we present our view on how to further improve the LTE performance with the extended number of Tx antennas in consideration of several issues, such as feasible implementation on difference channels (PDSCH, PDCCH, PBCH, and PMCH), directional of arrival (DoA) estimation and its sensitivity to system performance, CQI measurement. Our preference is to employ a fixed BF jointly with MIMO without any additional dedicated DL reference symbol design; which has the least impact to the current LTE standard.
2 Down-link BF
Before having the discussion of DL-BF, we explicitly define MIMO and BF transmissions. 
· MIMO transmission: data are transmitted on different antennas, which are either uncorrelated or partially correlated. The transmission manner could be either transmit diversity basis or special multiplexing (SM) basis.
· BF transmission: data are transmitted in different beams, which is formed by transmit antenna elements and corresponding weight vector. In this case, since the inter-element spacing is λ/2  the antenna elements are perfectly correlated.
2.1 Non-Codebook based BF
Non-codebook based BF belongs to adaptive BF, in which the transmit antenna weight vector can be updated based on DoA for example. This type of BF is the optimum BF and could be achieved using Wiener solution. The BF performed by adaptive array antenna with λ/2 spacing is to optimize the beamformer response so that the output contains minimum contributions due to noise and signal arriving from directions other than the desired signal direction. An example for non-codebook based BF is illustrated in Figure 1.

[image: image1.emf] 

λ /2  

UE1  

UE2  

UE3  


Figure 1: Non-codebook based BF with adaptive direction beam.
The problems, however, arisen in LTE standard are as follows:
· Although it can improve the coverage of PSCH, it is very difficult to guarantee the coverage of the common channels, such as PDCCH, PBCH and PMCH. For example, once the beam weight is determined for PDSCH directing towards one UE, it is not able to cover other channels such as PDCCH, PBCH and PMCH simultaneously.
· When the number of antenna elements is larger (say eight), it forms a beam with a very narrow beam-width, which could affect the system performance due to DoA estimation error, particularly in a rich scattering urban cell environment. Therefore the BF gain could be reduced due to large angle of spread.
· If all the e-NodeBs employ such an adaptive BF and switch the direction from one UE to others sub-frame by sub-frame, it is difficult to achieve relative accuracy for the interference measurement, resulting in an extremely high SINR variation. This is not expected for the MCS decision in UE.
· In order to precisely estimate the DoA, the antenna array including the RF front-end of the e-Node-B has to be calibrated in both amplitude and phase [6].

· Additional dedicated RS design is required in order to guarantee the performance.

· The broadcast/multicast service performance can not be improved.
2.2 Codebook based BF
Compared with non-codebook based BF, codebook based BF is relatively simple and belongs to fixed BF technique. This BF is used to increase simultaneous transmission users, whereby a good performance can be achieved by selecting the best beam for each UE. This selection may require an orthogonal reference symbol (dedicated RS) in each beam. However, the basic single stream SU-MIMO operation with precoding can be considered as codebook based beamforming with up to 4TX antennas as well. There we don't even need any beam specific pilots either (because the codebook is known).

One alternative to design the codebook based beam is to use DFT-based transmit weights. For eight antenna elements, for example, eight DFT-based transmit weight would form the beam with {±7.5 (3.75) deg., ±22.5 (11.25) deg., ±37.5 (18.75) deg., ±52.5 (26.25) deg.} for the 3- (6-) sector case [1]. An example for codebook based BF is illustrated in Figure 2.
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Figure 2: Codebook based BF with equal space direction beam.
The problems, however, arisen in LTE standard are as follows:

· Although it can improve the coverage of PSCH, it is very difficult to guarantee the coverage of the common channels, such as PDCCH, PBCH and PMCH. For example, once the beam weight is determined for PDSCH directing towards one UE, it is not able to cover other channels such as PDCCH, PBCH and PMCH simultaneously.
· When the number of antenna elements is larger (say eight), it forms a beam with a very narrow beam-width, which could affect the system performance due to DoA estimation error, particularly in a rich scattering urban cell environment. In such a case, narrow beam-width BF could give worse performance than wide beam-width BF.
· If all the e-NodeBs employ such an adaptive BF and switch the direction from one UE to others sub-frame by sub-frame, it is difficult to achieve relative accuracy for the interference measurement, resulting in an extremely high SINR variation except that all the fixed beams are always simultaneously used for transmission.
· A new codebook has to be designed for this type of BF.

· The broadcast/multicast service performance can not be improved.
2.3 Combination between BF and MIMO
In this BF scheme [4], a polarized BF is considered as illustrated in Figure 3, where antenna inter-elements for each polarized direction have λ/2 spacing and form a beam due to high correlation. The polarized antenna elements can be used for MIMO transmission, for example, SFBC or SM.
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Figure 3: Transmit antenna configuration for polarized BF.

In consideration of current LTE design, if the beam is fixed this BF solution is the simplest solution compared to other two since it may require the least change or modification of the current LTE spec, such as adding a beam/UE dedicated RS. Actually if we use this scheme to generate fixed beam, and treat each antenna group as a single antenna port, it can be supported with the existing spec. An example for combination scheme between BF and MIMO is illustrated in Figure 4.
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Figure 4: Combination between BF and MIMO.
2.4 Reasonable BF in LTE
In order to not delay the progress of LTE standard, the reasonable BF in LTE should be designed under the constraint which will not make any major changes or modifications in current LTE spec.
Our preference of supporting BF is as follows:

· The antenna configuration is the same as that in Figure 3.
· The beam-width should not be so narrow so that all the dead spot in each sector can be covered. Based on the number of antenna elements, the best suitable number of beams is determined and its weight vector is generated according to Wiener solution to avoid inter-beam interference. The detailed design can be referred to Appendix.
· There is no need to introduce additional dedicated RS. Each beam is considered as a regular sector, so that only common RS in each beam is enough. This will not affect any common RS structure adopted by LTE already.
3 Conclusions
In this contribution, we have discussed a number of BF schemes, including non code-book based (DOA based) adaptive BF, code-book based adaptive BF and combination scheme between BF and MIMO. From the study, it is noticed that all adaptive schemes have problems such as coverage for common channels, co-existence of the unicast transmission and the broadcast transmission and requirement of major change/modification in current LTE standard like adding dedicated RS. In comparison, if a fixed beam scheme of combined BF and MIMO is adopted for scenario when antenna number is larger than four, it will not only solve the problems faced by adaptive FB scheme such as common channel coverage,  but also requires no change to the current spec as it is transparent to the UE. From such a point of view, we proposed that once the number of antennas is larger than four, a fixed beam scheme by combining BF and MIMO with polarized antenna configuration should be adopted, as it will introduce BF gain while having minimal impact to the current spec. For such scheme, each beam formed by antenna elements for each polarized direction based on Wiener solution is treated as a regular sector so that current existing common RS structure is enough, and there is no need to introduce dedicated RS.
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Appendix
We assume that each e-Node-B consists of three sectors, each has N antenna elements. The antenna configuration is illustrated in Figure 3. We also assume that N/2 antenna elements for each polarized direction are correlated, forming the beams based on predetermined beam direction. By assuming that the sector covers from 0 to 120 degrees cell area without the loss of generality, the beam direction α can be written as
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where M is the number of beams formed by N/2 antenna elements based on Wiener solution, and 
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