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 1 Introduction
In this document some link level results are presented on the performance of UL DCH L1 HARQ. Type I with/without chase combining and Type II hybrid ARQ schemes are compared. Type I without combining is used for basic comparison. 144 kbit/s with 1/3 coding rate and 480 kbit/s with ½ coding rate are simulated. Performance are provided on ITU Pedestrian A at 3km/hr and ITU Pedestrian A at 30km/hr.  The intention of this document is to draw some initial conclusions on the different HARQ schemes. 

It is proposed that the text from Chapter 2 is included into TR 25.896 in section 9.2.1 Performance evaluation of HARQ. 

2 Text proposal for TR25.896


9.2.1 Performance Evaluation

9.2.1.1 HARQ schemes description

Different types of HARQ are listed  here:

HARQ TYPEI without chase combining, the erroneous packet is discarded and the same packet is retransmitted. It is noted as TYPEI (NC) in this document.

HARQ TYPEI with chase combining, the erroneous packet is stored in the receiver and combined it with the retransmitted packet. The original packet and retransmitted packet is identical. It is noted as TYPEI (CC) in this document.

HARQ TYEPII, is a so-called Incremental Redundancy ARQ scheme. For TYPEII HARQ the retransmitted part carrides additional redundancy information for error correction purpose. The additional redundancy is combined with the previously received packet, which results into a more powerful FEC code.

9.2.1.2 Criteria for comparison

The average throughput and the average number of transmissions will be calculated from simulation results and will be used as basis for the comparison.

9.2.1.2.1 Number of transmissions
The distribution of the number of transmissions is measured. 
9.2.1.2.2 Throughput

The single user throughput of an HARQ system can be defined as average bit rate by taking into account the retransmissions. Therefore, it can be calculated as
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Where R information is the source information bit rates and 
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 is average number of transmissions.
The average throughput is measured in kbit/s and is plotted as a function of Ec_r/N0, where Ec_r  is the received chip energy, N0 is the effective noise power spectral density measured at the UE. 

9.2.1.3 Simulation Assumptions

the general simulation assumption are listed below.

Table1 Simulation Assumptions
	Parameter
	Value
	Comments

	Carrier Frequency
	2GHz
	

	Chip rate
	3.84Mcps
	

	Ec_r/N0
	Variable
	

	Propagation conditions
	Pedestrian A  3Km/hr

Pedestrian A 30Km/hr
	

	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
	10ms
	

	Channel coder
	Turbo 1/3 
	Rel'99 Turbo Encoder

	Max no. of iterations for Turbo Coder
	8
	

	Information Bit Rates (Kbps)
& initial coding rate 
	144kbps 1/3 coding rate

480kbps ½  coding rate 
	To typII HARQ, 480kbps coding rate is 1/3 after the first retransmission.

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

SF=4 to 480kbps ½  coding rate

	Turbo Decoder
	Max Log Map
	

	Rate matching 
	R'99 Rate matching
	

	HARQ TYPE
	TYPEI without chase combining

TYPEI with chase combining

TYPEII  
	TYPEII HARQ only for 480kbps ½ coding rate.

	Number of retransmissions
	2
	

	Feedback channel 
	Error free
	ACK /NACK are error free

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


9.2.1.4 Simulation Results

9.2.1.4.1 144 kbps 1/3 coding rate 

The simulation results in this section shows the comparison of TYPEI HARQ with chase combining and without 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 in PedsA 3km/hr with PC
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Figure 2 BLock Error Rate of 144k 1/3 coding rate in Peds A 3km/hr with PC
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Figure 3 Average Number of Transmissions 144k 1/3 coding rate in PedsA 3km/hr with PC
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Figure 4 Block Error Rate of 144k 1/3 coding rate in PedsA 30km/hr with PC
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Figure 5  Throughput of 144k 1/3 coding rate in PedsA 30km/hr with PC
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Figure 6 Average Number of Transmissions of 144k 1/3 coding rate in PedsA 30km/hr with PC

In the typical work area where 1st transmission BLER<=20%, the throughput gain of TYPEI with chase combining over TYPEI without chase combining  is below 10 % .  The average number of transmissions is also around the same value in both schemes. 
Below 2 figures show  the distribution of number of transmissions of different HARQ shemes for 144k 1/3 coding rate at 3km/hr with different BLER values for 1st transmission 
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Figure 7 Transmission Distribution of  1st BLER=10% for 144k 1/3 coding rate at 3km/hr
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Figure 8 Transmission Distribution of  1st BLER=20% for 144k 1/3 coding rate at 3km/hr

It can be seen that for TYPEI HARQ with chase combining , the tail of the distribution of number of transmissions can be cut down to two transmissions which will be seen as a smaller variance in the delay distribution.  This could be beneficial in delay sensitive applications.

9.2.1.4.2 480kbps ½ coding rate

To 480kbps ½ coding rate, Table 2 is the puncturing matrices used for TYPEI HARQ with chase combining, Table 3 below is the puncturing matrices used for TYPEII HARQ. Pedestrian A 3km/hr and Pedestrian A 30km/hr are both simulated.
Table2 : 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'
	1
	0
	1
	0
	1
	0
	
	
	
	1
	0
	1
	0
	1
	0
	
	
	
	1
	0
	1
	0
	1
	0


Table 3 : 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 9. Block Error Rate of 480k 1/2 coding rate in PedsA 3km/hr with PC
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Figure 10. Throughput  of 480k 1/2 coding rate in PedsA 3km/hr with PC
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Figure 11. Average Number of Transmissions of  480k 1/2 coding rate in PedsA 3km/hr with PC
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Figure 12. Block Error Rate of 480k 1/2 coding rate in PedsA 30km/hr with PC
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Figure 13. Thoughput  of 480k 1/2 coding rate in PedsA 30km/hr with PC
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Figure 14. Average Number of Transmissions of  480k 1/2 coding rate in PedsA 30km/hr with PC

In the typical operation point where 1st transmission BLER<=20%,both for 3km/h and 30km/h  the throughput gain of TYPEI with chase combining over TYPEI without chase combining  is again below 10% .There is not much difference between the performance of TYPE II and TYPEI with chase combining.

Figure 15 and figure 16 show the distribution of number of transmission with different HARQ shemes for 480k ½ coding rate at 3km/h with different BLER values for 1st transmission. 
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Figure 15 Transmission Distribution of  1st BLER=10% for 480k 1/2 coding rate at 3km/hr
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Figure 16 Transmission Distribution of  1st BLER=20% for 480k 1/2 coding rate at 3km/hr

It can be again seen that for TYPEI HARQ with chase combining , the tail of the distribution of number of transmissions can be cut down to two transmissions which will be seen as a smaller variance in delay distribution. The same benefit exits in TYPEII HARQ. This could be beneficial for delay sensitive applications.


3 Conclusions
In this paper we have shown that in the typical work area 1st transmission BLER<=20%, at least for low and medium speeds 3-30km/h, there is some throughput gain seen from HARQ , below  10 %.  The other benefit is, when looking at the distribution of the transmission number, that  the TYPEI HARQ with chase combining  and  TYPEII HARQ can decrease the  proportion of  the high order retransmission  (cut tail ). This could be  beneficial for delay sensitive applications.  It is proposed that the text from chapter 2 is included into TR 25.896 in section 9.2.1 Performance evaluation of HARQ. 
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