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1
Summary
During the SI phase, all the results on uplink shared data channel (SDCH) performance have assumed a 0.5ms TTI. An appropriate link efficiency comparison of uplink 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 UL shared data channel with 0.5ms and 1ms TTI.
2
Introduction
2.1
Link Budget
In certain macro-cell deployment scenarios, UEs may not be able to close the link due to transmit power limitation in the uplink. This is an issue that has been seen for the 1732m ISD scenario outlined in TR 25.814.

Typically, link budget limitation impacts the UL control channels (ACKCH, CQICH) more than the UL shared data channel (SDCH), since the UL SDCH benefits from HARQ. However, there are some subtle arguments that need to be analyzed further.
Extending the TTI of UL ACKCH implies an increase in the effective TTI of the DL SDCH. As an example, in R6 HSDPA, if PRE and POST commands are always transmitted on HS-DPCCH, the UE cannot be scheduled every 2ms subframe in the downlink.

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

2.3
Uplink
The uplink reference signals are transmitted only when the UE transmits on the shared data channel. Therefore, the uplink reference signals are dedicated transmissions from each UE that are self-contained within the TTI. The receiver relies on intra-TTI time averaging to construct an estimate of the channel.

2.4
TTI Choice

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

· 1ms TTI

· Channel estimation
· Improved channel estimation performance by filtering the data associated pilot bursts in time
· Applicable when there is no intra-TTI frequency hopping

· Diversity

· Intra-TTI frequency hopping using LFDM waveform

· 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
Sub-Frame Format and Numerology
The evaluation is performed using the sub-frame structure outlined in TR 25.814.
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Figure 2

Sub-Frame Format
3.2
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
	1ms

	Waveform
	LFDM

	Frequency Hopping (FH)
	Yes

	Hop period
	0.5 ms
	0.5 ms
	1 ms

	Intra TTI Frequency Diversity
	No
	Yes
	No

	Inter TTI Frequency Diversity
	Yes

	Number of HARQ Processes
	5

	Number of Hops
	6

	Channel Estimation
	Per Hop

	Receiver
	Linear Equalizer


Table 1

Comparison
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Figure 3

HARQ Timeline – 0.5ms vs. 1ms TTI
3.3
MCS
In this set of simulations, the TB size, modulation and number of data tones are kept a constant during the simulation run. Retransmissions occur with a fixed sequence of redundancy versions.
	Modulation
	TB Size
	Occupied Bandwidth
	Initial

Code Rate
	Maximum Number of Transmissions
	Redundancy Version Order

	QPSK
	200
	750 KHz
	0.33
	4
	{0, 2, 5, 6}

	
	300
	
	0.50
	
	

	
	450
	
	0.75
	
	

	16-QAM
	400
	
	0.33
	
	{6, 2, 1, 5}

	
	600
	
	0.50
	
	

	
	900
	
	0.75
	
	


Table 2

TTI = 0.5 ms

	Modulation
	TB Size
	Occupied Bandwidth
	Initial

Code Rate
	Maximum Number of Transmissions
	Redundancy Version Order

	QPSK
	400
	750 KHz
	0.33
	2
	{0, 2}

	
	600
	
	0.50
	
	

	
	900
	
	0.75
	
	

	16-QAM
	800
	
	0.33
	
	{6, 2}

	
	1200
	
	0.50
	
	

	
	1800
	
	0.75
	
	


Table 3

TTI = 1 ms
The rate matching algorithm and the redundancy versions (Xrv) are the same as defined for HSDPA.
4
Simulation Results

Figures 3-18 illustrate the link performance of UL SDCH with 0.5ms and 1ms TTI in a GSM TU channel with 30 kph.
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Figure 4

Link Throughput – QPSK – Rate 1/3
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Figure 5

Initial BLER – QPSK – Rate 1/3
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Figure 6

Link Throughput – QPSK – Rate 1/2
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Figure 7

Initial BLER – QPSK – Rate 1/2
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Figure 8

Link Throughput – QPSK – Rate 3/4
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Figure 9

Initial BLER – QPSK – Rate 3/4

[image: image10.emf]
Figure 10

Link Throughput – 16-QAM – Rate 1/3
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Figure 11

Initial BLER – 16-QAM – Rate 1/3
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Figure 12

Link Throughput – 16-QAM – Rate 1/2
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Figure 13

Initial BLER – 16-QAM – Rate 1/2
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Figure 14

Link Throughput – 16-QAM – Rate 3/4
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Figure 15

Initial BLER – 16-QAM – Rate 3/4
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Figure 16

Link Throughput – 0.5 ms TTI
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Figure 17

Link Delay – 0.5 ms TTI
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Figure 18

Link Throughput – 1 ms TTI 
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Figure 19

Link Delay – 1 ms TTI
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Figure 20

Link Throughput – 1 ms TTI – Intra-TTI Frequency Hopping
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Figure 21

Link Delay – 1 ms TTI with intra-TTI Frequency Hopping
5
Observations
The link throughput and delay at 20% initial BLER are summarized in Tables 4 and 5. 
For the same link throughput, the Es/Nt operating point is lower with 1ms TTI. The link efficiency difference ranges from 0.5 dB to 0.6 dB, with an increase in average link delay. Note that the average link delay is well within 5ms in all scenarios.
	Modulation
	Code Rate
	Data Rate (kbps)
	Es/Nt per Antenna (dB)

	
	
	
	0.5ms TTI
	1ms TTI
	1ms TTI - FH

	QPSK
	1/3 
	325
	1.0
	0.5
	0.5

	
	1/2 
	500
	3.5
	3.0
	3.0

	
	3/4
	750
	7.1
	6.6
	7.0

	16-QAM
	1/3
	650
	6.4
	5.8
	5.8

	
	1/2
	1000
	10.0
	9.5
	9.5

	
	3/4
	1500
	14.7
	14.2
	14.5


Table 4

Link Throughput – 20% Initial BLER
	Modulation
	Code Rate
	Data Rate (kbps)
	Link Delay

	
	
	
	0.5ms TTI
	1ms TTI
	1ms TTI – FH

	QPSK
	1/3 
	325
	1.2 ms
	2.1 ms
	2.1 ms

	
	1/2 
	500
	1.1 ms
	2.0 ms
	2.0 ms

	
	3/4
	750
	1.0 ms
	2.1 ms
	2.0 ms

	16-QAM
	1/3
	650
	1.2 ms
	2.1 ms
	2.1 ms

	
	1/2
	1000
	1.0 ms
	2.0 ms
	2.1 ms

	
	3/4
	1500
	1.1 ms
	1.9 ms
	2.0 ms


Table 5

Link Delay – 20% Initial BLER
For a given Es/Nt, we can compare the best link throughput and associated delays with each TTI choice. With such an approach, different schemes have different initial BLER operating points and different initial MCS choice.
This is shown in Tables 6 – 9.

	Es/Nt per Antenna

(dB)
	Spectral Efficiency (bps/Hz)

	
	0.5ms TTI
	1ms TTI
	1ms TTI – FH

	0
	1.00
	0.66
	0.66

	3
	1.50
	1.00
	1.00

	6
	1.50
	1.33
	1.33

	9
	2.00
	2.00
	2.00

	12
	3.00
	3.00
	2.00


Table 6

Spectral Efficiency

	Es/Nt per Antenna

(dB)
	Link Throughput (kbps)

	
	0.5ms TTI
	1ms TTI
	1ms TTI – FH

	0
	320
	320
	320

	3
	500
	500
	500

	6
	675
	675
	675

	9
	930
	980
	950

	12
	1220
	1300
	1160


Table 7

Link Throughput
	Es/Nt per Antenna

(dB)
	Average Link Delay

	
	0.5ms TTI
	1ms TTI
	1ms TTI – FH

	0
	3.0 ms
	2.5 ms
	2.5 ms

	3
	2.8 ms
	2.0 ms
	2.0 ms

	6
	1.3 ms
	2.0 ms
	2.0 ms

	9
	1.3 ms
	2.2 ms
	2.3 ms

	12
	1.9 ms
	3.0 ms
	1.2 ms


Table 8

Link Delay
	Es/Nt per Antenna

(dB)
	Initial BLER (%)

	
	0.5ms TTI
	1ms TTI
	1ms TTI – FH

	0
	61
	25
	28

	3
	66
	20
	21

	6
	30
	18
	18

	9
	28
	22
	26

	12
	44
	38
	3


Table 9

Initial BLER
We observe the following:

· At low SNR, the use of 1ms TTI leads to a smaller link delay for the same throughput
· At intermediate to high SNR, the use of 1ms TTI leads to a higher throughput at the expense of a slightly larger link delay
· However, the average one-way link delay is well within 5ms
· The optimal initial BLER is typically much higher with 0.5ms TTI than with 1ms TTI

6
Conclusions
Based on the analysis, we conclude the following:
· For a given initial BLER operating point

· 1ms TTI has a link gain of 0.5 dB to 0.6 dB

· Relevant for channel sensitive scheduling

· For a given Es/Nt operating point
· 1ms TTI provides a smaller delay for the same throughput or a higher throughput for a slightly larger delay (still less than 5 ms)

· At the operating point of interest, whether it is a given Es/Nt or initial BLER, the one-way delay is well within 5ms for both 0.5ms and 1ms TTI
With the above observations, we propose to use 1ms TTI as the baseline TTI for E-UTRA.
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