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1. Introduction
The design of DL L1/L2 control channel is essential for EUTRA operation. In Riga, it was agreed that
· The DL control signaling is located in the first n OFDM symbols of a sub-frame, where n
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The discussions previous have mainly focused on the genetic frame structure for FDD system. In this contribution, DL control signaling transmission for TDD system is discussed. 
2. Control signaling transmission for TDD system
[image: image1.wmf]£

2.1 The resoure allocation for control signaling transmission
Figure 1, an example of DL control signaling transmit scheme for the alternative frame structure
According to the characteristic of the TDD operation, it is proposed to transmit the DL control signaling in one DL sub-frame only [1].

A possible example is shown in figure 1, where the DL control signaling is transmitted in the first DL sub-frame (TS4) after the UL/DL switch point. The DL control signaling may occupy all the 9 OFDM symbols of the timeslot in time domain, and the resource occupied in frequency domain will depend on the detailed downlink control signalling design. 
2.2 The reasons for transmitting the DL control signaling in one DL sub-frame
It has been agreed that downlink control signaling is located in the first n (n 
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 3) OFDM symbols of every sub-frame for the FDD systems at the Riga meeting. However, for TDD systems, there are two options to transmit the DL control signaling:

· Option 1 is to transmit the control signaling for each sub-frame in first n OFDM symbol of each sub-frame similar to the FDD system. 

· Option 2 is to transmit the control signaling for each half-frame in one DL sub-frame of each half-frame, e.g. the first DL sub-frame after the UL/DL switch point.
We prefer the option 2 to option 1 based on follow reasons:

· Characteristic of TDD: Due to the characteristic of TDD operation, the feedback information to downlink traffic can not be transmitted until the next UL sub-frame. There is no need to send control signalling for each sub-frame separately, because no more uplink feedback information can be utilized to change the downlink control signalling, when DL transmission begins until UL transmission begins. Consequently the flexibility and efficiency of the option 2 is almost as the same as the option 1 from scheduler view. 
· Overhead saving: For the UE which allocated PRBs over multiple sub-frames, the DL scheduling information can be jointly coded, and further the resource can be indicated over frequency and time domain jointly, while it has to be indicated separately for option 1. Thus the control signaling of resource allocation will be saved. For example, when the ratio of UL to DL is 3:4, there is DL data transmission for one UE in each DL sub-frame. DL resource assignment information is NRB/2 bits for bit mapping method, where the NRB is the number of PRBs in system bandwidth (e.g. 50 for 10MHz). For option 1, (3*NRB/2) bits is needed, while for option 2, only (NRB/2+3) bits is needed if we schedule the 3 PRBs in same frequency location for all DL sub-frame, where the 3 bits is used for indicated the sub-frame index.
· More efficient micro-sleep: For option 1, UEs have to wake up every DL sub-frame. While for option 2, UEs need to read downlink control signaling only once in each half-frame to get the resource allocation information for all sub-frame in each half-frame. When the UEs find that there is no data associated to be transmitted in the follow sub-frames, the UEs can fall in ‘micro-sleep’ state to save power.

· Uniform downlink control channel format: the UL/DL switch point of the alternative frame structure can be adjusted to match the asymmetrical UL/DL services, which is one of the main merits of TDD systems. No matter where the switch point is, the overhead of total downlink control signaling for each half-frame is almost the same, since the overhead of downlink scheduling information is similar to that of the uplink scheduling grant information. For option 2, the control channel format needs not to be adjusted with different UL/DL switch point location. But for option 1, since number of the DL sub-frame is changed, the resource needed by control signaling in each sub-frame is changed. The sketch maps are shown in figure 2, it is assumed that 2 OFDM symbols are required for each pair of DL/UL sub-frame, i.e. total 8 OFDM symbols are required for downlink control signaling in each half-frame. It is found that, when the UL/DL ratio is 3:4, 2 OFDM symbols are required in each DL sub-frame, but 1.3 OFDM symbols required for 1:6 UL/DL ratio, and 4 OFDM symbols required for 5:2 UL/DL ratio. This will lead to different downlink control channel format for different UL/DL ratio, and different resource PRB sizes (7x12, 7.7x12, and 5x12) for data traffic. This will further increase the control signaling allocation and data traffic scheduling complexity.
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(c) UL/DL ratio is 5:2
Figure 2, Downlink control channel format for option 1
3. Mapping of Downlink L1/L2 Control Channels
If the scheme described in section 2 is adopted, it is assumed that the downlink control signaling is located in the all 9 OFDM symbols. For mapping the downlink L1/L2 control channels onto the physical resources, we define Control Resource Units (CRUs), where a CRU in the underlying example spans over 6 sub-carriers and 3 OFDM symbols, as same as R1-070930 [3]. 
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Figure3, Definition and physical resource location of the CRUs
A PDCCH is composed by multiple CRUs. The number of CRUs can be configured according the control signaling overhead of a PDCCH, for example that we can define 3 kinds of PDCCH, which are mapping to {2, 4, 8} CRUs respectively. An example is shown in figure 4, where a PDDCH is mapped to 4 CRUs. In this case the CRUs not used for L1/L2 control signaling they may be used for data or other channel transmission.
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Figure 4. PDCCH mapping

4. Conclusion
In this document, we propose to transmit the downlink control signaling in one sub-frame only in each half-frame of EUTRA TDD system with alternative frame structure. Compared to transmit the downlink control signaling in every sub-frame, the merits of the scheme proposed are analysed and discussed. And a possible PDCCH maping scheme is described.
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