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1. Introduction
Delay performance is one bottle-neck in TDD operation due to downlink and uplink are separated by time. We found that when the ACK/NACKs can be transmitted in UpPTS, the delay of DL can be reduced. 
In Jeju, it has been agreed that

· For UpPTS

· Resources not used for random access can be used for data and reference signals (sounding and/or demodulation reference signals)

· No PUCCH is transmitted in UpPTS

It means that the ACK/NACKs can be transmitted by PUSCH only. 

In this contribution, we proposed that ACK/NACK can be transmitted in UpPTS, it is meant that the length of UpPTS should be kept as long as possible to reduce delay. Two schemes to transmit ACK/NACKs in UpPTS are given in this contribution:

· Scheme 1: ACK/NACKs are transmitted in PUSCH only.
· Insure that there is a PUSCH can be utilized when the ACK/NACKs is to be transmit in UpPTS
· Scheme 2: To design a new PUCCH format for UpPTS
2. Discussion
In Jeju, the new frame structure for TDD has been agreed, which is shown in fig.1. But the details of usage of special sub-frame has not been decided.
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Figure 1: The new TDD frame structure.
We propose that A/Ns should be transmitted in UpPTS to promote the delay performance of LTE TDD system. The details are analyzed followed.
2.1. The delay reduction with A/Ns transmission in UpPTS

Because of the property of TDD, the delay performance of LTE TDD is worse than LTE FDD. To achieve commonality of LTE TDD/FDD, a similar delay performance is preferred. If the A/Ns can be transmitted in UpPTS, it will helpful to reduce the DL transmission delay. 
In the following analysis, it is assumed that the process time of NB is 3ms, and process time of UE is 3-2tp ms, where the tp is the time of propagation.
· UL/DL=1:3 case: the DL sub-frames are sub-frame#0, sub-frame#2, sub-frame#3 and DwPTS.
Sub-frame#0: if the A/N can be transmitted in UpPTS, the min RTT can reduce from 14ms to 10ms, which is shown in figure 2 (a) and (b).
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Figure 2. the min RTT of sub-frame#0 for UL/DL=1:3case.

(a) the ACK can not be transmitted in UpPTS. (b) the ACK can transmitted in UpPTS.

Sub-frame#2: the min RTT is 10ms. Since the ACK can not be feedback by UpPTS, it is no influence to min RTT, which is shown in figure 3.
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Figure 3. the min RTT of sub-frame#2 for UL/DL=1:3case.

Sub-frame#3: if the A/N can be transmitted in UpPTS, the min RTT can reduce from 14ms to 11ms, which is shown in figure 4 (a) and (b).
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Figure 4. the min RTT of sub-frame#3 for UL/DL=1:3case. 
(a) the ACK can not be transmitted in UpPTS. (b) the ACK can transmitted in UpPTS.

DwPTS: if the A/N can be transmitted in UpPTS, the min RTT can reduce from 10 ms to 9 ms, which is shown in figure 5 (a) and (b).
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Figure 5. the min RTT of DwPTS for UL/DL=1:3case. 
(a) the ACK can not be transmitted in UpPTS. (b) the ACK can transmitted in UpPTS.

· UL/DL=2:2 case: the DL sub-frames are sub-frame#0, sub-frame#3 and DwPTS.
Sub-frame#0: if the A/N can be transmitted in UpPTS, the min RTT can reduce from 14ms to 10ms, which is shown in figure 6 (a) and (b).
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Figure 6. the min RTT of sub-frame#0 for UL/DL=2:2case.

(a) the ACK can not be transmitted in UpPTS. (b) the ACK can transmitted in UpPTS.

Sub-frame#3: the min RTT is the same of 10ms, which is shown in figure 7.
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Figure 7. the min RTT of sub-frame#3 for UL/DL=2:2case.

DwPTS: if the A/N can be transmitted in UpPTS, the min RTT can reduce from 10 ms to 9 ms, which is shown in figure 8 (a) and (b).
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Figure 8. the min RTT of DwPTS for UL/DL=2:2case. 
(a) the ACK can not be transmitted in UpPTS. (b) the ACK can transmitted in UpPTS.

· UL/DL=3:1 case: the DL sub-frames are sub-frame#0 and DwPTS.
Sub-frame#0: the min RTT is the same of 10ms, which is shown in figure 9.
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Figure 9. the min RTT of sub-frame#0 for UL/DL=3:1case. 
DwPTS: if the A/N can be transmitted in UpPTS, the min RTT can reduce from 10 ms to 9 ms, which is shown in figure 10 (a) and (b).
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Figure 10. the min RTT of DwPTS for UL/DL=3:1case. 
(a) the ACK can not be transmitted in UpPTS. (b) the ACK can transmitted in UpPTS.

The influence of whether UpPTS can carry A/N is concluded in table 1. Where column A means the A/N can not be transmitted in UpPTS, column B means the A/N can be transmitted in UpPTS. From table 1, we can get that in most case, the min RTT can be reduced dramatically, so, it is meaningful to transmit A/N in UpPTS.
Table 1. the min RTT of whether UpPTS can carry A/N

	
	1UL/3DL
	2UL/2DL
	3UL/1DL

	
	A
	B
	A
	B
	A
	B

	Subframe#0
	14
	10
	14
	10
	10
	10

	DwPTS
	10
	9
	10
	9
	10
	9

	UpPTS
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Subframe#1
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Subframe#2
	10
	10
	N/A
	N/A
	N/A
	N/A

	Subframe#3
	14
	11
	10
	10
	N/A
	N/A


2.2. How to transmit A/N in UpPTS?

In the 2.1 section, we can get that to transmit A/N in UpPTS is helpful to reduce the delay of DL transmission. But it has been agreed that no PUCCH is transmitted in UpPTS in Jeju. How to transmit A/N in UpPTS？Two schemes are proposed.
Scheme 1: ACK/NACKs are transmitted in PUSCH
· When there is UL data transmission, the A/Ns are transmitted with the data in PUSCH.
· When there is no UL data transmission, dummy data is created to make sure there will a PUSCH scheduled to the UE.
· To create one PRB PUSCH to carrier A/Ns
Scheme 2: A new PUCCH format is design according to the length of UpPTS.

· When there is UL data transmission, the A/Ns are transmitted with the data in PUSCH.

· When there is no UL data transmission, the A/Ns are transmitted in PUCCH.

· Format 0/1-like PUCCH 

· To guarantee coverage of PUCCH, the length of UpPTS should no smaller than 6.

· Only available for small GP and small cell. For very large cell, the length of UpPTS can not support a PUCCH with enough coverage.
3. Conclusion
That A/Ns to be transmitted in UpPTS will reduce the transmission delay dramatically, the details are analyzed. In this contribution, we propose two schemes to transmit ACK/NACKs in UpPTS. 
· Scheme 1: ACK/NACKs are transmitted in PUSCH only.
· Scheme 2: To design a new PUCCH format for UpPTS 
Comparatively the efficiency of scheme 1 is very poor since that one PUSCH only contains one A/N signaling. For scheme 2, a certain length of UpPTS should be kept.
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