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1. Introduction
It has been agreed that the DL control signaling should be located in the first n OFDM symbols (OS) of a sub-frame, and 2 bits of CCFI used is to indicate the value of n, where n can be 1, 2 or 3 for LTE FDD system. The fourth value of n is reserved. However, for LTE TDD system, the values of n have not been fully discussed. 
In this contribution, based on the DL control signaling overhead analysis, we think that

· In DL oriented cases, it is enough to assigned PDCCH to 1 or 2 OS for TDD FS2

· When the ratio of UL/DL is larger than 1, 3 OS may meet the demand for TDD FS2.

· 4 OS used for PDCCH can not be precluded for TDD FS2 when the ratio of UL/DL is 6/1 at current stage.
If additional OS used for PDCCH is required, in order to indicate the number of OFDM symbols that PDCCH occupied, two solutions are proposed in this contribution. 
2. Discussion
2.1. DL control signaling overhead analysis
Compared to LTE FDD system with frame structure type 1, the DL control signaling overhead of LTE TDD system with frame structure type2 is different, based on two facts:

· Because of the asymmetric frame allocation, the overhead of DL control signaling in one DL sub-frame may change dramatically with different ratio of UL/DL.
As described in [1], the DL control signaling of each DL sub-frame includes DL scheduling signaling for this sub-frame and UL schedule grant/PHICH for associated UL sub-frames. Compared to symmetric allocation of UL/DL, when there are more DL sub-frames than UL sub-frames in a half frame with FS2, for example the ratio of DL/UL is 6:1, the control signaling in one DL sub-frame may consist only of the DL scheduling signaling for this sub-frame. So, fewer OFDM symbols should be kept for PDCCH to increase spectrum efficiency. On the other hand, when there are fewer DL sub-frames than UL sub-frames in a half frame, for example the ratio of DL/UL is 1:6, the control signaling in one sub-frame may consists of the DL scheduling signaling for this sub-frame and UL scheduling grant and ACK/NACK signaling for all the six UL sub-frames. So, more OFDM symbols should be kept for PDCCH to support a reasonable number of UEs. The overhead of DL control signaling may change even more dramatically with FS1 if ratio of 1/9 or 9/1 existed.
· Based on the difference of sub-frame structure, the UEs number supported in one sub-frame of FS2 should be fewer than that of FS1.

The sub-frame of FS1 is 1ms time duration and composed of 14 OFDM symbols, while the sub-frame of FS2 is 0.675 time duration and composed of 9 OS. It’s obviously that one sub-frame of FS1 may afford more UEs than that of FS2. First, Assume that the average data block of every UE is same, and the control signal occupies same proportion of resource in UL and DL sub-frame. Assume that the frame allocation is symmetric. For FDD FS1, if 3 OS is assigned to PDCCH, there are 11 OS left for data transmission. For TDD FS2, if 3 OS is assigned to PDCCH, there will only 6 OS left for data transmission. So FDD FS1 will support almost 2 times (11/6=1.83) UEs number of TDD FS2 in one sub-frame if the average overhead of each UE is the same. The overhead of control signaling is direct proportion to the UEs number. Then, to assign 3 OS for DL control signaling for TDD FS2 as same as FDD FS1 is too much, for symmetric allocation, 2 OS is more propriety. And the overhead proportion of 2 OS (2/9=22.2%) is similar to that of FS1 (3/14=21.4%).
So, in DL oriented cases, it is enough to assigned PDCCH to 1 or 2 OS for TDD FS2.
In UL oriented cases, multiple TTI scheduling will releases the overhead of DL control signaling in certain degree since some bits are added in UL schedule grant in the RAN1 50# meeting.
In [3] and [4], the overhead of DL control signaling for TDD is also discussed. Although it is not clear what the optimal operation point is in the UL oriented cases, under our knowledge, we think that
· When the ratio of UL/DL is larger than 1, 3 OS may meet the demand for TDD FS2.

· 4 OS used for PDCCH can not be precluded for TDD FS2 when the ratio of UL/DL is 6/1 at current stage 
2.2. The solution
If additional OS used for PDCCH is required, in order to indicate the number of OFDM symbols that PDCCH occupied, two solutions are proposed.
· Scheme A: To adopt the fourth value of CCFI

 2 bits of CCFI can present 4 value, the fourth may be adopted to in 6/1 case. Then,

· In DL oriented allocation or the ratio of UL/DL is 4/3 or 5/2, 3 CFI codewords should be chosen to represent the value 1, 2 and 3.
· In the ratio of UL/DL is 6/1, 4 CFI codewords should all be chosen to represent the value 1, 2, 3 and 4.

With this scheme, only four values {1, 2, 3, 4} can be indicate in CCFI. 
· Scheme B: The contents of CCFI associated with the ratio of UL/DL

If the fourth value of CCFI is kept for other use, we may associate the content of CCFI with the ratio of UL/DL. One example is shown in table 1. 
Table 1: the content of CCFI (TDD type 2 example)
	Ratio of UL/DL
	Content of CCFI

	1/6, 2/5, 3/4, 4/3, 5:2
	n=[1,2,3]

	6:1
	n=[1,2,4]


With this scheme, the exact content of CCFI can be configured by eNB according to every ratio of UL/DL. Larger scale of n can be indicated by the 2 bits.
3. Conclusion
 In this contribution, based on the DL control signaling overhead analysis, we think that

· In DL oriented cases, it is enough to assigned PDCCH to 1 or 2 OS for TDD FS2

· When the ratio of UL/DL is larger than 1, 3 OS may meet the demand for TDD FS2.

· 4 OS used for PDCCH can not be precluded for TDD FS2 when the ratio of UL/DL is 6/1 at current stage.
If additional OS used for PDCCH is required, in order to indicate the number of OFDM symbols that PDCCH occupied, two solutions are proposed in this contribution. 

Scheme B is preferred.
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