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1. Introduction
For FDD, it is natural to construct one to one mapping relationship between the DL control signaling and associated sub-frames. However, for LTE TDD system, the timing relation is more complex. The issue is discussed in this contribution.
2. The timing relationship for LTE TDD
For LTE TDD system, both include the frame structure type1 and type 2, the ratio of UL/DL will change with the location of UL/DL switch point, which increases the complexity of timing relationship between the DL control channel and the associated sub-frame. In [1], when the DL control signaling is not transmitted in every DL sub-frame, we have proposed that two ideas in designing the sub-frame indication mechanism, one is adding an explicit field in control signaling format to indicate the associated sub-frames, and the other is implicit by pre-determining the mapping relationship between control channels and associated sub-frames. In Beijing TDD adhoc meeting, common control channel structure for FDD/TDD was agreed. So, when the DL control signaling is transmitted in every DL sub-frame, we propose that:

· The control signaling in each downlink sub-frame includes the DL scheduling information for this DL sub-frame.
· The control signaling in each downlink sub-frame includes the UL scheduling grants plus ACK/NACK for associated UL sub-frames (if any). 
· The number of associated UL sub-frames can be 0, 1…6 according to the ratio of UL/DL for frame structure type 2. The mapping relationship can be fixed as specification default to reduce signaling overhead.
One example of fixed time relation for LTE TDD with frame structure type 2 is shown in table 1.
Table 1. the associated UL sub-frames in each DL sub-frames.
	Ratio of UL/DL
	TS1
	TS2
	TS3
	TS4
	TS5
	TS6
	TS0

	1:6
	-*
	TS1
	0**
	0
	0
	0
	0

	2:5
	-
	-
	TS1
	TS2
	0
	0
	0

	3:4
	-
	-
	-
	TS1
	TS2
	TS3
	0

	4:3
	-
	-
	-
	-
	TS1
	TS2
	TS3 & TS4

	5:2
	-
	-
	-
	-
	-
	TS1 & TS2
	TS3,TS4 & TS5

	6:1
	-
	-
	-
	-
	-
	-
	TS1, TS2, TS3, TS4, TS5 & TS6


* ‘-’ means the sub-frame is UL sub-frame.
** ‘0’ means there is no associated UL sub-frame, in other words, there are only DL scheduling signaling in DL control signaling.

· When there are more UL sub-frames than DL sub-frames, the UL scheduling grant signaling needs more bits to indicate the associated sub-frames.

Form table 1, we can get that when there are more DL sub-frames than UL sub-frames, the one to one mapping relationship can be constructed, so no extra bits are needed to indicate the index of sub-frames. When there are more UL sub-frames than DL sub-frames, it is another story, for example, when the ratio of UL/DL is 4:3, at least one more bit is needed for UL schedule grant signaling in TS0 to indicate the associated UL sub-frames: TS3 or TS4. When the ratio of UL/DL is 6:1, 3 more bits are needed to indicate the UL sub-frames.
· When there are more UL sub-frames than DL sub-frames, for ACK/NACK, to construct more ACK regions (channels) to mapping each UL sub-frames. For example when the ratio of UL/DL is 4:3, there are two ACK regions in TS0, one for TS3 and the other for TS4.
For the UL scheduling grant signaling, a method similar the ACK can also be adopted: multiple UL scheduling grant signaling regions can defined to map to associated UL sub-frames. This method will decrease the spectrum efficiency of DL control signaling. So, we prefer to increase bits to indicate the index of sub-frame, compared to the resource indication for frequency domain, the increase is marginal. And in the real applications, it is common to deploy more DL sub-frames than UL sub-frames, where there is no need to allocate bits for sub-frame indication. Only when there are more UL sub-frames than DL sub-frames, a few bits are needed to indicate the multiple UL sub-frames. The scheme proposed in this contribution is more efficient than the schemes A and B proposed in [1].
3. Conclusion
In this contribution, the issue of timing relationship about the DL control signaling is discussed. We propose that
· The control signaling in each downlink sub-frame includes the DL scheduling information for this DL sub-frame.

· The control signaling in each downlink sub-frame includes the UL scheduling grants plus ACK/NACK for associated UL sub-frames. 

· The number of associated UL sub-frames can be 0, 1…6 according to the ratio of UL/DL for frame structure type 2. The mapping relationship may be fixed as specification default to reduce signaling overhead.
· When there are more DL sub-frames than UL sub-frames, the one to one mapping relationship should be constructed and no more bits is needed to indicate the index of TS. When there are more UL sub-frames than DL sub-frames, the UL schedule grant signaling needs more bits to indicate the associated sub-frames.

· When there are more UL sub-frames than DL sub-frames, for ACK/NACK, to construct more ACK regions (channels) to mapping to each UL sub-frames. For example when the ratio of UL/DL is 4:3, there are two ACK regions in TS0, one for TS3 and the other for TS4.
The principles discussed in this document are also applicable for the LTE TDD with frame structure type 1. 
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