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1. Introduction
In Jeju, the HARQ process number and timing relationship for LTE FDD have been fully discussed and conclusions are drawn. Regards to the LTE TDD system with the new frame structure [1], the HARQ patterns have not been decided. Because of the property of TDD and the influence of UL/DL allocation and the special sub-frame, it is hard to give out a simple scheme like FDD. We prefer to maintain a similar delay performance with FDD at the cost of certain scheme complexity.
2. Discussion
2.1 Unified RTT for all sub-frames or sub-frame related RTT?
The synchronous HARQ has been determined to be adopted for LTE UL transmission. In FDD frame structure, it is easy to support synchronous HARQ by only introducing one kind of RTT at the same time because of the TTI continuity in UL and DL direction. In other words, it is easy to indicate the HARQ process ID implicitly by current TTI number being used after defining a simple mapping between TTI number and HARQ process ID.
For TDD, it is better to design a similar mapping relationship between timescale and HARQ process ID in TDD UL to keep the commonality with FDD. On the other hand, the delay performance is one bottle-neck in TDD operation due to downlink and uplink are separated by time. How to tradeoff the scheme complexity and the delay performance is key issue of the HARQ scheme design. We prefer to maintain a similar delay performance with FDD at the cost of certain scheme complexity.
In [2], two kinds of RTT definitions are given: 

Alt 1: Unified RTT for all sub-frames
The essential idea is to select the RTT equal to a multiple of allocation period, and establishing the mapping between sub-frame number and HARQ process ID. Taking account of the processing latency and performance, the best choice of RTT size is 15ms for TDD frame structure in Fig 1, since it is the minimum multiple of frame size. 15ms is almost double of that of FDD (8ms), in our opinion, the delay is too much to tolerate. 
Alt 2: sub-frame related RTT

The main idea of this alternative is to configure RTT separately for each sub-frame. The RTT of UL is shown in table1, compared to Alt 1, most of RTT can reduce to 10ms
. 
Table 1 the RTT of UL (alt2)

	
	UL:DL=1:3
	UL:DL=2:2
	UL:DL=3:1

	UpPTS
	10
	10
	10

	Subframe2
	10
	10
	10

	Subframe3
	
	10
	15

	Subframe4
	
	
	10


Comparing Alt 1 with Alt 2, the sub-frame related RTT is shorter than the unified RTT in average, and as a result the transmission performance is improved in Alt 2. Moreover the Alt 2 mitigate the requirement of equipment due to less HARQ processes amount. 

Similar to UL, the min RTT for each DL sub-frame is also different.
So we propose that the HARQ patterns of LTE TDD should be decided based on sub-frame related RTT method.
2.2 ACK delay
Similar to the RTT, the ACK delay is also influenced by the allocation of UL/DL, sub-frame position and special sub-frame configuration. A fixed ACK delay should be decided based on RTT. And whether the UpPTS and DwPTS can carry data and control signaling will affect the HARQ patterns.
2.3 HARQ patterns

The HARQ patterns are influenced by the allocation of UL/DL, sub-frame position and special sub-frame configuration. They can be given out by table 2. The numbers in the table 2 are just for example.

Table2 the ACK delay
	
	UL/DL=1/3
	UL/DL=2/2
	UL/DL=3/1

	
	RTT
	ACK delay
	RTT
	ACK delay
	RTT
	ACK delay

	Subframe#0
	N/A
	5+DwpTS+GP
	N/A
	5+DwpTS+GP
	N/A
	3

	DwPTS
	N/A
	5+GP
	N/A
	5+GP
	N/A
	5+GP

	UpPTS
	10
	3
	10
	3
	10
	3

	Subframe#1
	10
	3
	10
	3
	10
	3

	Subframe#2
	N/A
	3
	10
	5
	15
	6

	Subframe#3
	N/A
	6+DwpTS+GP
	N/A
	3
	10
	5


3. Conclusion
RTT definition based on sub-frame is helpful to reduce the transmission delay, so we propose that the HARQ patterns of LTE TDD should be decided based on sub-frame related RTT method. The RTT and the ACK delay are both influenced by the allocation of UL/DL, sub-frame position and special sub-frame configuration, so the HARQ patterns should be design carefully for TDD.
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� The exact value of shortest RTT may be not 10ms. But in order to keep balance of the data and signaling in every sub-frame, the RTT should be multiple of 5ms, which will keep the retransmission happened in same sub-frame position with the initial transmission.





