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Introduction

So far, two different TTI structures (2ms and 10ms) have been suggested for E-DCH. For the same data rate, a shorter TTI allows the network to control the L1 delay depending on QoS criteria, while a longer TTI improves link efficiency in certain channel conditions.

This text proposal contains a comparison of  the link level HARQ performance of 2ms and 10ms TTI with respect to two different aspects.

· Average link efficiency

· Average link delay
Text proposal (new text)

9.2.1.4

HARQ Performance with different TTI

In this section, a comparison of link delay and efficiency associated with 2ms and 10ms TTI is done. A reference E‑DCH timing for 2ms and 10ms TTI is shown in Figure 9.2.1.4.1.4.1.
The choice of re-transmission time and number of HARQ processes for E-DCH is FFS. It is a function of Node-B processing time to decode E-DCH and transmit ACK/NAK, DL ACK/NAK TTI and UE processing time to decode ACK/NAK. 

Figure 9.2.1.4.1 shows one possible timing approach given a maximum transmission delay of 40 ms; this leads to the following HARQ configuration. 

For 2 ms TTI:

· Number of HARQ processes = 5

· Re-transmission time for same HARQ process = 10 ms

· Maximum number of transmissions = 2

For 10 ms TTI:

· Number of HARQ processes = 3

· Re-transmission time for same HARQ process = 20 ms

· Maximum number of transmissions = 4
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Figure 9.2.1.4.1: E-DCH Timing – 2ms vs. 10ms TTI

The MCS shown in Table 9.2.1.4.1 with target data rates range from 128 kbps to 384 kbps has been used for the simulation. Note that the possibility for higher number of transmissions when using 2 ms TTI allows for higher throughput if the transmission can be decoded early, that is after a lower number of transmissions than allowed.
Table 9.2.1.4.1: MCS for Comparison

	TTI
	Transport Block Size
	SF
	Mod
	OVSF Codes
	Code Rate
	Maximum Number of Transmissions
	Rate (kbps) after n Tx

	
	
	
	
	
	
	
	1 Tx
	2 Tx
	4 Tx

	2 ms
	1024
	4
	QPSK
	++--
	0.333
	4
	512
	256
	128

	2 ms
	2048
	4
	QPSK
	++--
	0.533
	4
	1024
	512
	256

	2 ms
	3072
	2
	QPSK
	+-
	0.400
	4
	1536
	768
	384

	10 ms
	2560
	4
	QPSK
	++--
	0.333
	2
	256
	128
	-

	10 ms
	5120
	4
	QPSK
	++--
	0.333
	2
	512
	256
	-

	10 ms
	7680
	4
	QPSK
	++--
	0.400
	2
	768
	384
	-


In the simulations, power control is enabled, with the outer loop based on a target residual BLER of 1%. The rest of the simulation assumptions are shown in Table 9.2.1.4.2
Table 9.2.1.4.2: Simulation Assumptions
	Parameter
	Value

	TTI
	2 ms or 10ms

	RV sequence
	{0,1,2,5}

	Number of HARQ processes
	5 (2ms) or 3 (10ms)

	IR Inter-TTI
	5 (2ms) or 3 (10ms)

	Channel Estimation
	On

	DPCCH Slot Format
	0

	Power Control
	On

	Inner Loop PC Step Size
	+/- 1 dB

	Outer Loop PC Step Size
	+ 0.5 dB

	PC feedback delay
	1-slot

	PC BER
	4%

	Channels
	AWGN, PA3, PB3, VA30

	Rx antennas
	2

	Residual BLER
	1%


Figures 9.2.1.4.2 to 9.2.1.4.13 show the performance of E-DPDCH in this setup. The average Rx Ec/Nt (over all transmissions and including the DPCCH overhead) is plotted against the DPCCH SNR.

The following observations can be made.
Link efficiency:
· The average Rx Ec/Nt for 2ms TTI is typically lower than that for 10ms TTI.

Link Delay:
· For AWGN, PB3 and VA30 channels, the average delay corresponding to 2 ms TTI is smaller than the delay associated with 10 ms TTI.

· For PA3, as the E-DPDCH/DPCCH increases, the delay associated with 10 ms TTI gets smaller than that with 2 ms TTI.

For the same delay, the 2 ms TTI link efficiency is better than or equal to the 10 ms TTI efficiency. The difference between the average Ec/Nt for this delay and the optimum average Ec/Nt could be larger than 1 dB.
For the same doppler, multi-path enhances the gains (efficiency and delay) of 2 ms TTI when compared to 10 ms TTI. This can be seen by comparing the relative gains with PA3 and PB3 channels.
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Figure 9.2.1.4.2: Average Ec/Nt – 128 kbps – AWGN / PA3
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Figure 9.2.1.4.3: Average Ec/Nt – 128 kbps – PB3 / VA30
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Figure: 9.2.1.4.4: Average Delay – 128 kbps – AWGN / PA3
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Figure 9.2.1.4.5: Average Delay – 128 kbps – PB3 / VA30
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Figure 9.2.1.4.6: Average Ec/Nt – 256 kbps – AWGN / PA3
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Figure 9.2.1.4.7: Average Ec/Nt – 256 kbps – PB3 / VA30
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Figure 9.2.1.4.8: Average Delay – 256 kbps – AWGN / PA3
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Figure 9.2.1.4.9: Average Delay – 256 kbps – PB3 / VA30
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Figure 9.2.1.4.10: Average Ec/Nt – 384 kbps – AWGN / PA3
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Figure 9.2.1.4.11: Average Ec/Nt – 384 kbps – PB3 / VA30
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Figure 9.2.1.4.12: Average Delay – 384 kbps – AWGN / PA3
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Figure: 9.2.1.4.13: Average Delay – 384 kbps – PB3 / VA30
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