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1 Introduction

In the LTE technical report (TR) ‎[1], it is suggested that the switching manner between transmit diversity (TD)
 and space multiplexing (SM) should be considered for data transmission in E-UTRA. To support this transmission mode switching mechanism, we need to design the signaling channel on both up-link (UL) and down-link (DL). In this contribution, we consider three transmission modes, i.e., TD, Open-Loop SM (OL-SM) and Closed-Loop SM (CL-SM), and discuss the UL signaling channel for channel quality indication (CQI) feedback and DL signaling channel for switching mode indication.
Our proposal for the control signaling channel for adaptive MIMO is as follows:

· On the UL we dynamically feed back the switching mode using existing CQI channel.

· On the DL we utilize an additional single bit channel to indicate whether closed-loop or open-loop transmission is applied while utilizing existing code-book indication bits to separate the Tx Div and SM if open-loop transmission is selected.
2 Adaptive MIMO Signaling and Description on UL
The CQI and transmission mode on DL should be determined by each UE and conveyed by UL signaling channel to the serving Node-B (feedback signaling from UE). With this type of control signaling, our proposal is that the switching mode is dynamically fed-back using an existing CQI control signaling channel. The feed-back interval is dynamically adjusted and equals at least a pre-determined minimum value. It is worthwhile noting that while the mode feedback information is transmitted, the CQI information is not sent. Figure 1 illustrates the feedback timing between the mode feedback and CQI feedback with minimum feedback interval constraint. 
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Figure 1: Mode feedback using existing CQICH.
3 Adaptive MIMO Signaling and Description on DL
The motivation of transmitting DL signaling channel for DL adaptive MIMO is to separate the three transmission modes: a) CL-SM with code-book information and rank-adaptation, b) OL-SM with rank-adaptation, and c) Tx Diversity with rank-adaptation. Since some control channel resource has to be assigned to indicate CL-SM including rank-adaptation and code-book, we suggest that control channel resource for code-book indication be easily reused to separate OL-SM and TD once the OL transmission is determined by Node-B.
For more details, it is assumed that there are three types of DL signaling channels for adaptive MIMO; the first one (only one bit) is used to indicate the whether closed-loop transmission or open-loop transmission, the second one is to either indicate code-book used (several bits) if it is closed-loop or separate OL-SM and Tx Div if it is open loop (one bit), and the third one is used to indicate the rank adaptation. Figure 2 illustrates the flow-chat for DL control signaling.
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Figure 2: Flow-chat for DL control signaling.
The procedure of determining the DL signaling channel is as follows:
· Use one bit (the first signaling channel) to indicate whether transmission is CL or OL 

· If it is CL transmission, use the second signaling channel to indicate the code book for data transmission.

· If it is OL transmission, use the second signaling channel to indicate either OL-SM or transmit diversity mode.

· Finally, use the third signaling channel to indicate the rank adaptation for data transmission.
It is worthwhile noting that the serving Node-B employs the same second signaling channel bits for closed-loop transmission (code-book indication) and open loop transmission (OL-SM/Tx Div separation).
4 Conclusions

In this contribution, we briefly discussed the control signaling channels on UL and DL for DL adaptive MIMO. The conclusion can be made as follows:

· The proposed control signaling channel is very simple.

· Only additional single bit control channel is required to indicate whether closed-loop or open-loop mode is applied
· To separate Tx Div and SM in open-loop mode on the DL and to feed-back the switching mode on UL, the existing channels are periodically utilized.
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� Transmit diversity could be either space-time transmit diversity (STTD),  space frequency transmit diversity (SFTD), or cyclic delay diversity (CDD).
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