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1
Summary
During the SI phase, most of the results on downlink shared data channel (SDCH) performance have assumed a 0.5ms TTI. An appropriate link efficiency comparison of downlink SDCH performance with different TTI durations is necessary to understand the tradeoffs between a very short TTI such as 0.5ms and a short TTI such as 1ms.
In this document, we investigate the performance of DL shared data channel with 0.5ms and 1ms TTI.
2
Introduction
2.2
TDD
For TDD, the reference signals are effectively self-contained within a TTI. This is primarily due to the fact that the subframes prior and subsequent to the TTI of interest need not be allocated to the same link.

For instance, a downlink TTI might be preceded and succeeded by uplink subframes. Therefore, the receiver essentially relies on intra-TTI time averaging to construct an estimate of the channel.
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Figure 1

TDD Structure

2.2
TTI Choice

The use of a 1ms TTI on DL SDCH has two distinct implications:

· 1ms TTI

· Channel estimation
· Improved channel estimation performance using inter sub-frame interpolation
· Important for 16-QAM and 64-QAM demodulation
· HARQ

· Smaller number of retransmissions for the same overall L1 HARQ latency budget

Therefore, with a 1ms TTI, we need to investigate the link effeciency impact of improved channel estimation  vs. intra-TTI diversity vs. smaller HARQ gain.
3
Simulation Setup
3.1
TTI Evaluation
Table 1 outlines the evaluation parameters for 0.5ms and 1ms TTI. 
Figure 2 outlines the HARQ timeline for 0.5ms and 1ms TTI. 

The overall one-way L1 HARQ latency budget is set to 10ms. With 5 HARQ processes, this allows for a maximum of 4 transmissions with 0.5ms TTI and maximum of 2 transmissions with 1ms TTI.
	Parameter
	Value

	TTI
	0.5 ms
	1 ms

	Data Allocation
	25 tones == 375 KHz

	Scheduling Mode
	Frequency Diverse
Frequency Selective

	Subband Size for

Frequency Selective Scheduling

(KHz)
	375 KHz

	Number of HARQ Processes
	5

	Channel Estimation
	Per TTI


Table 1

Comparison
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Figure 2

HARQ Timeline – 0.5ms vs. 1ms TTI

3.2
Adaptive Modulation and Coding
In this set of simulations, the number of data tones (RB) are kept a constant during the simulation run. 
Using adaptive modulation and coding (AMC), the MCS for every new transmission sequence is changed based on the CQI feedback. The MCS table is shown in Table 2.
	SNR

(dB)
	Modulation
Order
	Spectral Efficiency
(bps/Hz)

	-5
	2
	0.3979

	-4
	2
	0.4821

	-3
	2
	0.5834

	-2
	2
	0.7026

	-1
	2
	0.8389

	0
	2
	0.9928

	1
	4
	1.1613

	2
	4
	1.3492

	3
	4
	1.5503

	4
	4
	1.7669

	5
	4
	1.9928

	6
	6
	2.2294

	7
	6
	2.4795

	8
	6
	2.7359

	9
	6
	2.9980

	10
	6
	3.2686

	11
	6
	3.5432

	12
	6
	3.8243

	13
	6
	4.1074

	14
	6
	4.3977

	15
	6
	4.6815

	16
	6
	4.9613

	17
	6
	5.2248

	18
	6
	5.4612

	19
	6
	5.6539

	20
	6
	5.8017

	21
	6
	5.9001

	22
	6
	5.9570

	23
	6
	5.9850

	24
	6
	5.9961


Table 2
AMC – 1st Transmission MCS
The simulation is run with 10% initial BLER to maximize link throughput with appropriate link adaptation.

Retransmissions occur with a fixed sequence of redundancy versions. The rate matching algorithm and the redundancy versions (Xrv) are the same as defined for HSDPA.
4
Simulation Results

Figures 3-6 illustrate the link performance of DL SDCH with 0.5ms and 1ms TTI in a GSM TU channel with 3 kph.

It is seen that the use of 1ms TTI leads to approximately 1 dB improvement in link efficiency. Note that the initial BLER is maintained at 10% during the simulation.
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Figure 3

Initial BLER – Subband Size = 4500 MHz
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Figure 4

Link Throughput – Frequency Diverse Scheduling
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Figure 5

Initial BLER – Frequency Selective Scheduling
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Figure 6

Link Throughput – Frequency Selective Scheduling

3
Conclusions

Based on the analysis, we conclude the following:

· For a given initial BLER operating point

· 1ms TTI has a link efficiency gain of 1 dB over 0.5ms TTI

· For DL channel sensitive scheduling with adaptive modulation and coding, one typically operates the system at 10% to 20% initial BLER

· With a 10% initial BLER, typically one needs one retransmission at most, leading to very small L1 HARQ delay

· This implies that the average L1 one-way delay is still within 5 ms

With the above observations, we propose to use 1ms TTI as the baseline TTI for E-UTRA.
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