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1. Introduction
In the past LTE discussions, beam-forming has been seen as one method to enlarge the cell coverage, and one general method for inter-cell-interference mitigation [1]. So beam-forming should be considered to be supported in LTE, although beam-forming is not definitely mandatory to implement in each single Node B and in any time. Whether using of beam-forming may depend on the deployment scenario etc.

In the email discussion related with downlink control signaling, there are two coding schemes for control signaling, individual (separate) coding and joint coding. Individual coding has shown benefits to enable individual adjustment of transmission parameters (coding, modulation, transmission power) and user-specific adaptive beam-forming. As mentioned before beam-forming should be considered to be supported although it is not mandatory, the individual coding should also be supported to enable it. 
Another issue related with beam-forming and control channel is how to minimize the performance imbalance between the control channel and beam-formed traffic channels. One method is use of CDD on control channel, which has been proposed in [2]. But the use of CDD only minimizes a little performance imbalance and may have other implement issues should be clarified. In this document, another method of using beam-forming on control channel is proposed when the traffic channel is beam-formed. This method can best match the performance imbalance between the control channel and beam-formed traffic channels.
2. Performance comparison between beam-forming and CDD for control channel
One benefit of CDD is that CDD can be used on different number of transmit antennas and the receiver doesn’t need to know it, this is benefit from using CDD on both reference symbol and control signaling. By means of this kind of CDD, the performance of CDD is limited by the delay value and may be decreased when the number of transmit antenna is increased. This may be caused by the fixed density of reference symbol and increased frequency selectivity. The simulation results can be found in figure 1. 
In these simulations one user’s control channel was mapped to the first two OFDM symbols and spanned three consecutive PRBs each including 25 sub-carriers. The reference symbols are located in the first OFDM symbol and the spacing between reference symbols is M=6. QPSK and rate 1/3 conventional coding is used in these simulations. For CDD simulations, the signal transmitted from first antenna is not delayed, the signal transmitted from second antenna is delay with 1/8 length of CP for 2x2 antenna configuration. And for 8x2 antenna configuration, the maximum delay value is 1/8 length of CP, the delay value for each antenna is allocated with equal steps. The 12 tap TU channel model is used and thus no spatial correlation is considered for CDD simulations. For beam-forming simulations, SCM link level parameters with 12 tap TU setting is used, and 8x2 and 4x2 antenna configurations are considered. The UE speed is 3km/h.
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Figure 1, the performance comparison of CDD between 2x2 and 8x2 simulation cases.
Another implement method of CDD is that CDD is only used on the control signaling, but reference symbols are not. This required multiple mutually orthogonal reference symbols between transmit antennas. By means of this kind of CDD, the performance of CDD will not be limited by the delay value and will be increased when the number of transmit antenna is increased. But the performance increased is small with the number of transmit antenna increased. The simulation results are given in figure 2 to show the performance difference between beam-forming and CDD. For CDD simulations, the signal transmitted from first antenna is not delayed, and the signal transmitted from second antenna is delay with N/2 samples for 2x2 antenna configuration. And for 4x2 CDD simulation case, the delay value for each antenna is 0, N/4, N/2 and 3N/4 samples. Other simulation assumptions are the same as above. 
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Figure 2, the performance comparison between beam-forming and CDD.

From these simulations it can be found that there is about 2.5dB performance difference at BLER=10-2 between beam-forming and CDD when the antenna configure are same, i.e. 4x2. There is about 5.3dB performance different at BLER=10-2 between beam-forming with 8x2 antenna configuration and CDD with 4x2 antenna configuration. So using of CDD on control channel will not best match the performance imbalance, especially when the number of antennas for beam-forming is large enough. And it should be noted that no spatial correlation is considered for CDD simulation. When the high spatial correlation is considered for CDD simulation, the performance of CDD will be further decreased, but beam-forming just work on high spatial correlation scenario.
As a summary, the use of CDD only minimizes a little performance imbalance between control channel and traffic channel. The best match method is using beam-forming on control channel when traffic channel is beam-formed.

3. The implement issue of beam-forming on control channel
In the beginning the different implement methods of beam-forming for FDD mode and TDD mode should be revisited first, which has been discussed in [3]. For FDD mode, the beam-forming vector is decided at receiver and feeds back its index to the transmitter. And multiple mutually orthogonal reference symbols will be added and not be beam-formed when data symbols are beam-formed. For TDD mode, the beam-forming vector is calculated from the uplink channel sounding. Only the UE-specific reference symbols should be added, and they will be beam-formed when data symbols are beam-formed. The beam-forming vector or its index will not be transmitted to the receiver in advance for both TDD and FDD mode.
For minimizing the performance imbalance between the separate coding control channel and beam-formed traffic channel, the control channel will be beam-formed when the traffic channel is beam-formed. For FDD mode multiple mutually orthogonal reference symbols between transmit antennas are needed for detecting the beam-formed control signals. For TDD mode additional UE-specific reference symbols are needed for detecting the beam-formed control signals. The UE-specific reference symbols are same for all the transmit antennas and are orthogonal with the common reference symbols. So when the control channel is beam-formed, the UE should know how to detect the control channel, using the multiple mutually orthogonal reference symbols or additional UE-specific reference symbols. It is required signaling to inform the UE whether using of beam-forming on control channel in advance. 
4. The implement issue of CDD on control channel

As mentioned in section 2, the performance of CDD may be decreased when the number of transmit antenna is increased and using CDD on both common reference symbols and control signaling. 
Another implement method for CDD may be that CDD is only used on control channel but not for reference symbols. But multiple mutually orthogonal reference symbols between transmit antennas are needed in this kind of CDD. This may lead to signaling is required to inform the UE whether using of CDD on control channel in advance. It is similar with using of beam-forming on control channel, but its performance gain is far away from beam-forming which has been shown in section 2.
5. Conclusions
From the discussion above, the implement issues of using beam-forming or CDD on control channel have been shown, and the performance of beam-forming and CDD is also given. It can be concluded that,
(1) Separate coding scheme for control signaling should be supported to enable individual adjustment of transmission parameters and user-specific adaptive beam-forming.

(2) Using of beam-forming on separate-coding control channel should be supported when traffic channel is beam-formed.

(3) Signaling is required signaling to inform the UE whether using of beam-forming on separate-coding control channel in advance.

These conclusions should be considered during the discussions on downlink control signaling and MIMO aspects.
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