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1 Introduction
This document presents link level simulation results on the BLER performance of UL DCH using 2ms and 10 ms TTI DCH. The BLER for the first transmission does not depend on the HARQ scheme used whereas for the second and third transmission BLER the combining scheme also matters. The HARQ schemes include: TYPEI HARQ with chase combining and TYPEII HARQ. These results have already been presented in RAN WG1 meeting#33 in New York [5].
In this document, the data rate of 144k with 1/3 coding rate and the data rate of 480k with ½ coding rate are simulated.  Performance is provided on ITU Pedestrian A at 3km/h and ITU Vehicular A at 30 and 120 km/h. The intention of this document is to draw some initial conclusions on the performance difference between DCH using 2ms TTI and 10ms TTI.

2 Simulation Assumptions

The general simulation assumption are listed below:

Table 1: Simulation Assumptions

	Parameter
	Value
	Comments

	Carrier Frequency
	2GHz
	

	Chip rate
	3.84Mcps
	

	Ec_r/N0
	Variable
	

	Propagation conditions
	Pedestrian A 3 km/h
Vehicular A 30 km/h
	

	Closed loop Power Control
	ON
	

	PC delay
	1slot 
	

	PC error rate 
	4%
	

	Receiver antenna
	2
	

	Modulation
	Dual BPSK
	

	Channel Estimation
	Non-Ideal
	using DPCCH, 6pilots

	Number of Rake fingers
	Equal to number of taps in the channel model
	

	TTI
	2 ms, 10 ms
	10ms was used for basic comparison

	Channel coder
	Turbo 1/3 
	Rel'99 Turbo Encoder

	Max no. of iterations for Turbo Coder
	8
	

	Information Bit Rates (Kbit/s)
& initial coding rate 
	144 kbit/s 1/3 coding rate

480 kbit/s ½  coding rate 
	To typeII HARQ, 480 kbit/s coding rate is 1/3 after the first retransmission.

	SF
	4,8
	SF=8 to 144 kbit/s 1/3 coding rate

SF=4 to 480 kbit/s ½  coding rate

	Turbo Decoder
	Max Log Map
	

	Rate matching 
	R'99 Rate matching
	

	HARQ TYPE
	TYPEI with chase combining

TYPEII  
	TYPEII HARQ only for 480 kbit/s ½ coding rate.

	Number of retransmissions
	2
	

	Feedback channel 
	Error free
	ACK /NACK are error free

	Delay between Trans
	12ms for 2ms TTI 
20ms for 10ms TTI
	Note, further analysis is needed later with delays corresponding to correct processing times.

10ms was used for basic comparison


3 Simulation Results
In the two next sections, CC means TYPE I HARQ with Chase Combining and FIR means TYPE II HARQ. CC1 means Chase Combining with the first transmission (same as 1Trans in some figures), CC2 means BLER after combining of two transmission using Chase, FIR2 means Full IR with two transmissions combined, i.e., after the first retransmission and so on. [2]

3.1 144  kbit/s 1/3 coding rate BLER performance comparison for 2ms TTI and 10ms TTI

The simulation results in this section show the BLER performance comparison of 2ms TTI and 10ms TTI for 144 kbit/s 1/3 coding rate under L1 HARQ. The L1 HARQ performance is presented for TYPEI HARQ with Chase combining. Both Pedestrian A 3km/h and Pedestrian A 30km/h are simulated 
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Figure 1: Block Error Rate of 144k 1/3 coding rate with 2ms TTI and 10ms TTI in PedsA 3km/hr with PC
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Figure 2: Block Error Rate of 144k 1/3 coding rate with 2ms TTI and 10ms TTI in VehA 30km/hr with PC
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Figure 3: Block Error Rate of 144k 1/3 coding rate with 2ms TTI and 10ms TTI in VehA 120km/hr with PC

3.2 480 kbit/s ½ coding rate comparison for 2msTTI and 10ms TTI

The simulation results in this section show the BLER performance comparison of 2ms TTI and 10ms TTI for 480 kbit/s 1/2 coding rate under L1 HARQ. The L1 HARQ performance is presented for TYPE I HARQ with Chase combining as well as TYPE II HARQ.  Both Pedestrian A 3km/h and Vehicular A 30 and 120 km/h are simulated 
As in [2], Table 3 below is the puncturing matrices used for TYPE I HARQ with chase combining,i.e., the retransmissions are the same as first transmission; Table 4 below is the puncturing matrices used for TYPE II HARQ. 
Table 3: puncturing matrices for TYPEI HARQ with chase combining and initial coding rate ½
	S
	1
	1
	1
	1
	1
	1
	
	
	
	1
	1
	1
	1
	1
	1
	
	
	
	1
	1
	1
	1
	1
	1

	P
	1
	0
	1
	0
	1
	0
	
	
	
	1
	0
	1
	0
	1
	0
	
	
	
	1
	0
	1
	0
	1
	0

	P'
	0
	1
	0
	1
	0
	1
	
	
	
	0
	1
	0
	1
	0
	1
	
	
	
	0
	1
	0
	1
	0
	1


Table 4: puncturing matrices for TYPEII HARQ and initial rate ½
	S
	1
	1
	1
	1
	1
	1
	
	
	
	1
	1
	1
	1
	1
	1
	
	
	
	1
	1
	1
	1
	1
	1

	P
	1
	0
	1
	0
	1
	0
	
	
	
	0
	1
	0
	1
	0
	1
	
	
	
	1
	0
	1
	0
	1
	0

	P'
	0
	1
	0
	1
	0
	1
	
	
	
	1
	0
	1
	0
	1
	0
	
	
	
	0
	1
	0
	1
	0
	1
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Figure 4: Block Error Rate of 480k 1/2 coding rate in PedsA 3km/hr with PC under HARQ with CC
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Figure 5: Block Error Rate of 480k 1/2 coding rate in PedsA 3km/hr with PC under TYPE II HARQ
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Figure 6: Block Error Rate of 480k 1/2 coding rate in VehA 30km/hr with PC for TYPE I HARQ with Chase Combining and TYPE II HARQ
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Figure 7: Block Error Rate of 480k 1/2 coding rate in VehA 120 km/hr with PC for TYPE I HARQ with Chase Combining and TYPE II HARQ

4 Discussion

Based on the BLER results presented in the previous section, 10 ms TTI typically gives lower BLER than 2 ms TTI. Only at high BLER (> 50 %), 2 ms TTI gives slightly better BLER results. This again leads to the discussion what should be the BLER operating point of L1 HARQ schemes. For delay sensitive services, the BLER of the first transmission should be less than 10 %. However, for some background type of services, the delay may not be so critical and L1 HARQ could be operated with higher BLER to get the benefit from soft combining.

The results presented also show that the performance difference between Chase combining and IR is small, much smaller than the difference between 10 ms and 2 ms TTI.

The major reason for poorer performance of 2 ms TTI is the shorter turbo code block, at higher terminal speeds also the shorter interleaver, i.e., lack of time diversity. The turbo code block length with 480 kbit/s and 10 ms TTI is 4800 bits whereas with 2 ms TTI it is only 960 bits. With 144 kbit/s, the corresponding turbo code block lengths are 1440 and 288 bits for 10 ms and 2 ms TTI, respectively.

Similar results showing the better BLER performance of 10 ms TTI were presented also by Motorola in [3] and [4]. Even at 768 kbit/s , the BLER with 10 ms TTI is better than with 2 ms TTI. 
5 Conclusions
The BLER with 10 ms TTI is shown to be better than the BLER with 2 ms TTI. The difference is larger at high terminal speeds. The interleaving gain of 2ms TTI in comparison to 10 ms TTI is degraded greatly at high speed. Even at medium speed of 30km/h, the required Ec_r/N0 of 10% BLER for 2ms TTI is 1dB higher than for 10ms TTI. 

We propose to add these results into TR Section 9.4.1, performance evaluation of shorter frame size [1].
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