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1. Introduction
In RAN1#47bis meeting, using dedicated reference signal for beam-forming was proposed by CATT [1], NTT DoCoMo and other companies [2]. In this contribution, we will review the gain of beam-forming from former contributions in the past two years, discuss some open issues with beam-forming, and try to give a way forward on LTE beam-forming.
2. Discussions
2.1. Definition of beam-forming in EUTRA
In TR25.814 [3] and TR25.912 [11], it has been agreed that beam-forming is one of the three MIMO modes, and the other two MIMO modes are spatial multiplexing and single-steam transmit diversity. It is obvious that beam-forming is a different MIMO mode other than spatial multiplexing or transmit diversity. But when pre-coding is considered to apply to spatial multiplexing, confusion may occur between beam-forming and pre-coding. This is because they are very similar in form, i.e. mapping stream to antennas. But in principle there are some differences between them.
In contribution R1-051175[4], it is pointed out that, the various multiple antenna techniques can be simply classified into three categories, beam- forming, spatial multiplexing and spatial diversity. For high spatial correlation channel, beam-forming can be used to mitigate inter-user interferences, especially inter-cell interferences for E-UTRA, to increase link reliability. Further beam-forming can also be used to increase data rates and only one received antenna is needed. In contribution R1-070089[2], it is also pointed out that increased cell-edge throughput and coverage are very important requirements for the E-UTRA. To achieve this, beam-forming at the Node B using multiple antennas with narrow antenna spacing is very promising.
The weight estimation principle for beam-forming is also different from pre-coding. Beam-forming can use DOA to construct the beam-forming weight. The DOA can be estimated from the uplink signal which only requires one uplink RF chain at UE. This kind of spatial signature can keep common for a short interval of observation, and it is insensitive to the used sub-carriers. One can use the uplink signal from upper band of sub-carriers in TDD operation (or from uplink band in FDD operation) to estimate the DOA, and use it to decide the beam-forming weight for which uses the lower band of sub-carriers in TDD operation (or for which uses the downlink band in FDD operation). I.e. the beam-forming weight can be constructed based on the long-term estimate of the covariance matrix of the spatial signature. This is corresponded with LT-EBF in contribution [4], while pre-coding may be corresponded with ST-EBF. It is also pointed out that beam-forming weight is needed to track only the DOA and average path loss in [2].
Anyway, it is obvious that the beam-forming and pre-coding can be classified. The beam-forming is one of the MIMO modes is confirmed. And it is proposed to give detailed definition of beam-forming in EUTRA standards to avoid any further confusion of beam-forming and pre-coding. One example of definition may be, beam-forming is a mapping operation between stream(s) and antennas to provide high coverage and/or throughput, with the deployment in high spatial correlation scenario and using narrow antenna spacing. 
According the definition above, beam-forming gains have been shown in contributions [6-11]. In contribution [6-9], beam-forming is simulated as one inter-cell interference mitigation method, and it is concluded that beam-forming can effectively mitigate the inter-cell interference, thus can increase cell coverage and/or throughput. Especially in contribution [9], 237% cell throughput gain can be reached when 8x2 antenna configuration is considered for comparison with 1x2 antenna configuration. In contribution [10], beam-forming is combined with multi-stream concept to reach the high-end targets on user throughput and spectrum efficiency. And these evaluation results are also shown in table 8.1.2.2.2.2.1-1 in TR25.814 [3].
2.2. Dedicated reference signal for beam-forming

How to perform beam-forming is still an open issue in EUTRA. It is proposed to use dedicated reference signal for beam-forming in contribution [1, 2, 12-15]. 
In contribution [13], the advantages of using dedicated reference signal for beam-forming are summarized as,

· Less orthogonal reference signals requirement,
· Simplified processing at the receiver,
· Easy to supporting more transmit antennas,
· No weight vector/matrix indicator feedback,
· Supporting any type beam-forming, and
· Better dynamic beam-forming performance with full CSI.
The advantages of less orthogonal reference signals requirement and easy to supporting more transmit antennas are also mentioned in contribution [2]. In current version of LTE system, only up to four orthogonal reference signals are supported. If more antennas are required to reach perfect beam-forming gain, no more orthogonal reference signals can be transmitted on the additional antennas. So it is proposed to use dedicated reference signals for releasing the requirement of orthogonal reference signals for each antenna.
In contribution [14], the dedicated reference signal requirement is analyzed from the point of view of TDD operation. It is proposed that using combined common and dedicated scheme in one pair of UL/DL switching point, common reference signal used for channel quality measurement only need to be sent in one downlink timeslot, and dedicated reference signal may be transmitted in any downlink timeslot when it is required.
In contribution [1], the overhead issues, performance loss and dedicated reference signal structure are discussed. From the analysis and simulation results, it is concluded that,
· DL common reference signals are not needed to be sent in every DL timeslot which will decrease the interference to other cells,

· Using dedicated reference signal can decrease the overhead, and
· The performance loss due to dedicated reference signal is very limited and acceptable
So we recommended adopting dedicated reference signal at least in EUTRA TDD operation. 
2.3. Uplink sounding
According to the definition in section 2.1, beam-forming is different from pre-coding. The estimated DOA of user can keep common for a short interval of observation, and it is insensitive to the used sub-carriers. So the DOA can be estimated by using the uplink signals which only cover the sub-carriers for data transmission, not all the sub-carriers. And the DOA can be estimated from the uplink signal which only requires one uplink RF chain at UE. I.e. not special uplink sounding operation is required for downlink beam-forming. The additional overhead for uplink sounding can be reduced.
2.4. Multi-beam operation

In contribution [5, 10], beam-forming is combined with multi-stream concept to reach the high-end targets on user throughput and spectrum efficiency with 4x2 antenna configuration. Two base station antenna elements separated by 0.5 wavelengths are used to form one beam towards the receiving UE, i.e. one ‘beam former’. Two ‘beam formers’ according to above, separated by 10 wavelengths, are used to transmit one PARC stream each. 
In contribution [16], multi-beam operation is proposed to apply in antenna array with narrow antenna spacing. The M elements are grouped into L sub-arrays (virtual antennas) in which the elements are adjacent. Each sub-array is used to form one beam. The beam (stream) number and data rate for each beam are controlled. In contribution [17], the simulation results with M=8 elements, L=2 beams are given. From the simulation results, it is found that the grouped beam-forming (GBF) can provide beam-forming gain but only requires one uplink RF chain at UE. 
Thus, in addition to single steam beam-forming, multi-beam operation based on antenna array with narrow antenna spacing should be considered.
3. Conclusions and Way forward
From the discussion above, it can be concluded as,
· It is confirmed that beam-forming is one of the MIMO modes in EUTRA, which is different from pre-coding. And it is proposed to give detailed definition of beam-forming in EUTRA standards to avoid any further confusion of beam-forming and pre-coding.
· Dedicated reference signal should be used to support beam-forming at least for TDD operation.
And the proposed way forward is,
· Discussion on the specific dedicated reference signal structure

· Discussion on whether the dedicated reference signal can be used to support beam-forming for FDD operation

· Discussion on whether multi-beam operation can be supported in beam-forming mode.
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