[bookmark: OLE_LINK1][bookmark: OLE_LINK8]3GPP TSG RAN WG1 Meeting #84bits	R1-162944
Busan, Korea 11th - 15th April 2016
Source: MediaTek Inc.
Title: Discussion on TTI shortening for TDD
Agenda Item:  7.3.10.3
Document for:  Discussion 

1. Introduction
In this contribution, we consider the low latency design in TDD frame structure. From [1] and [2], it is shown that the RTT of the HARQ retransmission would affect the latency of the downlink/uplink transmission. If the HARQ-ACK can be fed back to eNB more quickly, then the RTT of the HARQ retransmission would be reduced. In Section 2, we will discuss the feedback delay of HARQ-ACK and the methods of how to reduce it.
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In this contribution, we discuss the low latency design in TDD frame structure. As FDD, the shortened TTI should be supported in TDD. In frame structure type 2, First we assume that the shortened TTI is used in the downlink subframe or uplink subframe. Figure 1 and Figure 2 shows examples of the TDD uplink-downlink configuration 0 and 5 with shortened TTIs, where shortened TTI is assumed to be 0.5ms. From Figure 1 and Figure 2, we can see that the maximal feedback delay of HARQ-ACK with configuration 0 and 5 is 2.5 ms and 11.5 ms respectively. Table 1 shows the maximal feedback of HARQ-ACK for TDD uplink-downlink configuration 0-6.



[bookmark: _Ref447025573]Figure 1 TDD uplink-downlink configuration 0 with shortened TTIs.



[bookmark: _Ref447096484]Figure 2 TDD uplink-downlink configuration 5 with shortened TTIs.


	TDD uplink-downlink configuration
	0
	1
	2
	3
	4
	5
	6

	Maximal HARQ-ACK delay (ms)
	2.5
	3
	6.5
	7
	8
	11.5
	3.5
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[bookmark: _Ref447111957]Table 1 Maximal feedback delay of HARQ-ACK when the length of the shortened TTI is 0.5ms.


Observation 1. When shortened TTI is applied in TDD, some modifications may be required to reduce the RTT of HARQ retransmission.

To reduce the feedback delay of HARQ-ACK, several methods can be considered

1. Using a smaller TTI length for downlink and uplink subframe
The feedback delay of HARQ-ACK in TDD can be reduced when a shorter TTI is applied in the downlink and uplink subframe. For example, suppose the length of the shortened TTI is 2 OFDM symbols. Then the maximal feedback of HARQ-ACK is shown in Table 2. Comparing Table 2 with Table 1, we can see that the feedback delay has been reduced when TDD uplink-downlink configuration is 0, 2, 5 and 6.


	TDD uplink-downlink configuration
	0
	1
	2
	3
	4
	5
	6

	Maximal HARQ-ACK delay (ms)
	2
	3
	4
	7
	8
	9
	3



[bookmark: _Ref447101254]Table 2 Maximal feedback delay of HARQ-ACK when the length of the shortened TTI is 2 OFDM symbols.

2. Special subframe with a shortened TTI
In this case, the TTI of special subframe is also shortened. For example, suppose the TTI lengths of the special subframe, downlink subframe, and uplink suframe are 0.5 ms. The legacy special subframe is replace by a shortened downlink subframe and a shortened special subframe (see Figure 3). Table 3 shows the maximal feedback of HARQ-ACK when the shortened special subframe is applied. Comparing Table 3 with Table 1, we can see that the feedback delay has been reduced when TDD uplink-downlink configuration is 0, 2, 5 and 6.



[bookmark: _Ref447114953]Figure 3 Shortened special subframe in TDD

	TDD uplink-downlink configuration
	0
	1
	2
	3
	4
	5
	6

	Maximal HARQ-ACK delay (ms)
	2
	3
	6
	7
	8
	11
	3
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[bookmark: _Ref447120895]Table 3 Maximal feedback delay of HARQ-ACK when the length of the shortened TTI is 0.5 ms for all subframes.

3. More downlink-to-uplink switch-points 
In this case, the special subframe is applied in the downlink subframe, special subframe, and uplink subframe. More downlink-to-uplink switch-points are introduced in a TDD frame under the constraint that the ratio between the total downlink subframes and the uplink subframes are the same as the legacy TDD system. For example, assume the TTI length is 7 OFDM symbols. Figure 4 and Figure 5 show examples of adding a new downlink-to-uplink switch-point in TDD uplink-downlink configuration 2 and 5, where the ratio between the total downlink subframes and the uplink subframes is 3:1 and 8:1 respectively.  Table 4 shows the maximal feedback delay of HARQ-ACK when more than 2 downlink-to-uplink switch-points are introduced. It shows that the feedback delays of TDD uplink-downlink configuration 2, 3, 4, and 5 are greatly reduced.


[bookmark: _Ref447199003]Figure 4 New downlink-to-uplink switch-points in legacy TDD uplink-downlink configuration 2.


[bookmark: _Ref447028654]Figure 5 New downlink-to-uplink switch-points in legacy TDD uplink-downlink configuration 5.


	TDD uplink-downlink configuration
	0
	1
	2
	3
	4
	5
	6

	Maximal HARQ-ACK delay (ms)
	3
	3.5
	4
	5.5
	6
	6.5
	3.5

	Number of switch-points
	4
	4
	4
	2
	2
	2
	4
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Table 4 Maximal feedback delay of HARQ-ACK when 1) the length of the shortened TTI is 7 OFDM symbols for all subframes and 2) more downlink-to-uplink switch-points are introduced.


Therefore, we have

Proposal. A shortened feedback delay of HARQ-ACK can be obtained by 
· Using a shorter TTI length,
· Applying short TTI on downlink subframe, special subframe, and uplink subframe.
· Adding more switching points
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3. [bookmark: _Ref129681832]Conclusion
From above discussion, we have
Observation 1. When short TTI is applied in TDD, some modifications may be required to reduce the RTT of HARQ retransmission.

Proposal. A shortened feedback delay of HARQ-ACK can be obtained by 
· Using a shorter TTI length,
· Applying short TTI on downlink subframe, special subframe, and uplink subframe.
· Adding more switching points
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