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1. Introduction

In this proposal, we discuss about the Co-existence of 20ms TTI with 5ms TTI in E-DCH of LCR TDD.

2. TTI length discussion
A single static TTI[1] of 5ms instead of 20ms is adopted in the downlink enhancement for LCR TDD,The 5ms TTI  brings advantages as follows:
· Delay reduces with shorter TTI lengths.
· Shorter TTI is beneficial to the performance of HARQ and scheduling controlled by Node B

But, the disadvantages of 5ms TTI can’t be ignored. Shorter TTI results in somewhat higher overhead and decreasing the interleaving gain which affects the link-level performance. 5ms TTI may be improper when the channel condition is better or  when the data being transmitted is insensitive to time delay.
In fact ,many practical uplink services are characterized with high bit rate but insensitive to time delay, such as the multi-media files transmission applications. So, 20ms TTI may be suitable for such situation.
Adopting 20ms TTI in E-DCH of LCR TDD may acquire the following advantages:

a) Lower overhead;

b) Less frequently scheduling
c) Higher interleaving gain：This means lower terminal transmission power(This is one of the importanrt iterms in E-DCH)
3. Simulation and analysis
3.1. Simulation condition
The link level simulation is undertaken with different bit rate and and different channel environment. The simulation situation is listed in table 1.
Table 1 :   Simulation condition
	Parameter type
	Supposed situation and parameters

	Chip rate
	1.28Mchip/s

	carrier frequency
	2GHz

	Codec
	1/3 rateTurbo， MAP iterative decoding

	nodulation
	QPSK

	Power control
	no

	Channel modle
	Case1，Case2，Case3

	Channel estimation
	Perfect

	TTI length
	5ms、20ms、40ms

	receiver
	Joint detection  ZF-BLE

	Information rate and user’s timeslot occupation in each frame
	64Kbps, TS=2

144kbps，TS＝4

384Kbps，TS＝8


3.2. Simulation results 
The performances of different TTI(5ms、20ms、40ms) under different channel situation (Case1、2、3) with different bitrate(64K、144K、384K) are shown from figure 1 to figure 9(the simulation of 40ms TTI with 384Kbps are being underway, so there are no curves for 384Kbps in figure 7/8/9）。
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Figure 1  Uplink 64Kbps in Case1
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Figure 2  Uplink 64Kbps in Case2
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Figure 3  Uplink 64Kbps in Case3
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Figure 4  Uplink 144Kbps in Case1
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Figure 5  Uplink 144Kbps in Case2
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Figure 6  Uplink 144Kbps in Case3
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Figure 7  Uplink 384Kbps in Case1
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Figure 8  Uplink 384Kbps in Case2
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Figure 9  Uplink 384Kbps in Case3
3.3. BER performance comparisons
According to the curves from figure 1 to figure 9, the following conclusion may be made:
· When Eb/No is higher, the link level performance of 20msTTI is superior to the performance of 5msTTI, and the 40msTTI is superior to the 20msTTI。The worse of the channel condition, the larger of the performance difference。
· at the thresh hold BLER=
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, the Eb/No values required for 40ms、20msTTI are lower than 5msTTI required，so the target value of power control for 40ms、20msTTI are also lower than the value for 5ms，this means that with 40msTTI and 20msTTI the terminal consume less power than with 5ms。

3.4. Power saving ratio
At the thresh hold BLER=
[image: image11.wmf]2

10

-

, longer TTIs（20ms、40ms）can save terminal power and thus prolong the communication time. The following is the analytical expressions educement process for the power saving calculations.

Received signal power is expressed as S：        
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Received interference power is expressed as I：             
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thereinto，
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denotes transmission rate，
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 denotes system transmission band width。
The power saving ratio is expressed as 
[image: image16.wmf]h

,and we have:
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thereinto 
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denotes the transmission power required by 5ms TTI。
Suppose that different TTIs have the same propogation gain( or path loss) between terminal and base station, the ratio expressed by equation (1) at the transmission side is equivalent to the ratio at the receiving side. So we have equation (2) 
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Since the bit rate is the same for different TTI，thus:
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Suppose that under different TTIs，the power spectrum density of noise plus interference
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are of the same value，we get:
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i.e：
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(3)
The expression (3)is for the power saving calculations. Based on the simulation results shown from figure 1 to figure 9 and using expression (3) ,we can calculate out the power saving ratio of longer TTI(20ms、40ms) relative to 5ms TTI under different channel situation (Case1、2、3) with different bitrate(64K、144K、384K) (the simulation of 40ms TTI with 384Kbps are being underway, so there are no curves for 384Kbps in figure 7/8/9）. The calculation results are given in Figure 10/11/12. 
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Figure 10  power saving ration in Case1
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Figure 11  power saving ration in Case2
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Figure 12  power saving ration in Case3
At the thresh hold BLER=
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 and with higher Eb/No, relative to 5msTTI, 40、20msTTI, the terminal’s power saving is evident. With the increase of path number and moving speed, such as in channel modle Case3, longer TTI can make terminal to save more power. The reason is that the interleaving gain is greater under Case3.
3.5. The performance of 5ms and 20ms TTI with HARQ
To make things simple, we limit our analysis on the scenario in which a system adopting 20ms TTI uses 5ms as the length of retransmission block. 

The 20ms TTI can get higher interleaving gain than 5ms TTI .So the higher interleaving gain make the retransmission probability of 20ms TTI lower than the retransmission probability of 5ms.
	5ms
	5ms
	5ms
	5ms

	20ms


Figure 13   The 20ms TTI can get higher interleaving gain than 5ms TTI.
Since 20ms TTI also uses 5ms as the length of retransmission block, for one retransmission process happened in either 20ms TTI or 5ms TTI,  the cost and benefit are the same during the retransmission process. But considering the retransmission probability of 20ms TTI lower than the retransmission probability of 5ms, the 20ms TTI will outperform 5ms TTI.
4. Conclusion
Based on the simulation results and the calculation, we come to the conclusion that at the BLER=
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 and with higher Eb/No, the power saving of a terminal adopting 20ms TTI, relative to 5ms TTI , is evident. Further, by analytical reasoning, it has been proved that the conclusion also hold when HARQ is adopted.
We propose that for 1.28Mcps, two TTI values may be used, one is the 5ms which is in line with the existing sub-frame duration, another one is the 20ms which can outperform 5ms TTI in some situations. 
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