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1. Introduction
In this contribution, topics as joint coding or separate coding between UEs, time/frequency structure and multi-antenna aspects are discussed. One possible scheme for downlink control signaling is given.
2. Discussions
2.1. Joint coding or separate coding between UEs
Two coding schemes between UEs have been discussed. The characteristics of joint coding and separate coding are listed below.

· Separate coding
· Enables individual adjustment of transmission parameters (coding, modulation, transmission power)
· Enables user-specific adaptive beam-forming
· Joint coding
· Possibility for better coding performance due to larger code blocks and more efficient encoding of resource block assignments
· No possibility for individual selection of transmission parameters or user-specific adaptive beam-forming ( parameters need to be set according to the ‘worst’ user
To utilize the benefits of individual adjustment of transmission parameters and user-specific adaptive beam-forming, it is proposed that, 
· For common control signaling (common to all UEs)
· Joint coding scheme is selected
· For dedicated control signaling (dedicated to each UE)
· Separate coding scheme is selected

2.2. Time/frequency structure
The time/frequency structure (i.e. TDM vs. FDM) has been discussed during email discussion. With n=1 or a small number may be seen as “TDM” manner, with n equal to a large number may be seen as “FDM” manner.
With different number of n, the characteristics of time/frequency structure are listed below.
· n=1 or small number (TDM)
· Allows for “micro sleep”

· Reduced latency, control information available as soon as the last data symbol is received

· n is equal to large number (FDM)
· Allows for power balancing between data, reference signal, and control signaling, which may improve coverage. For users close to the cell center, less power can be spent on control and more on data (assuming the possibility for individual or group-wise power control).
Considering the two types of control signaling, different time/ frequency structure can be used to utilize the benefits of them, it is proposed that 
· For common control signaling
· TDM at the beginning of the sub-frame with data symbols

· For dedicated control signaling
· Located in the PRBs which are allocated for UE data transmission. FDM during all the PRBs allocated to one UE is possible.

Because the dedicated control signaling is transmitted always with data, if no data is transmitted for some UEs, the dedicated control signaling for these UEs will not be transmitted. Thus the benefit of “micro sleep” will be achieved due to the TDM manner for common control signaling when no data and dedicated signaling are transmitted. The benefits of reduced latency and power balancing may also be achieved to a certain extent.
2.3. Multi-antenna aspects
Because the control signaling and data symbols are transmitted in one sub-frame, the reference signal located in one sub-frame is shared to demodulate them. 
For open-loop MIMO, open-loop transmit diversity and close-loop MIMO in FDD mode, the reference signal is common to each UE. The demodulation for control signaling, and data symbols can be performed with the same common reference signal. But for close-loop MIMO and beam-forming in TDD mode, the dedicated reference signal will be pre-coded for each UE. Due to the TDD specific properties/capabilities and overhead consideration for reference signal, the common reference signal can be partly or totally removed [1] [2] [3] in a sub-frame. The demodulation for control signaling, and data symbols can be performed with the common reference and/or dedicated reference signal. It will be required that the same MIMO scheme will used for control signaling and data symbols when dedicated reference signal is used to demodulate control signaling.
Another multi-antenna issue is the performance gap between control signaling and data transmission. If different multi-antenna transmission scheme are used for control signaling and data, the performance gap can be considerable. One good example is that data symbols are beam-formed but control signaling is transmitted with CDD or single antenna. The performance gap between beam-forming and CDD has been shown in R1-061275 [4]. To minimize the performance gap, the same multi-antenna transmission scheme may be adopted for dedicated signaling. For example, if CDD is used for data transmission, CDD should also be used for dedicated control signaling; and if beam-forming is used for data transmission, beam-forming should also be used for dedicated control signaling. Because separate coding scheme can enable individual adjustment of transmission parameters for each dedicated control channel, individual adjustment of multi-antenna transmission scheme for each can also be supported. 
3. Conclusions
One possible scheme is shown below. The downlink control signaling can be classified into two types, common control signaling and dedicated control signaling. 
· For common control signaling
· Joint coding scheme is selected.
· TDM at the beginning of the sub-frame with data symbols (n=1 or small number)
· For dedicated control signaling
· Separate coding scheme is selected

· Located in the PRBs which are allocated for UE data transmission. FDM during all the PRBs allocated to one UE is possible

· Individual adjustment of transmission parameters (coding, modulation, transmission power)
· Transmitted with the matched multi-antenna transmission scheme with data (single stream transmit diversity or beam-forming)

To support matched multi-antenna transmission for dedicated control signaling and data transmission, it is proposed information about multi-antenna transmission used in dedicated control signaling to be included in common control signaling. The receiver uses the common control signaling to learn multi-antenna scheme used in dedicated control channel.
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