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1 Introduction

Link level retransmissions provide an efficient way of improving coverage and throughput for EUL. In this contribution, we address the following questions.

1. What is the most “efficient” way of transmitting data on E-DPDCH ?
2. What is the maximum number of transmissions we need to support ?

In section 2, we provide a reference MCS for 2ms and 10ms TTI. In section 3, we evaluate the performance of E-DPDCH with 1/2/4 target transmissions for the same target data rate.
2 Reference MCS
Consider the reference MCS for 2ms TTI shown in Table 1. It allows for 32 transport formats, with increments of 256 bits in the corresponding block sizes. The modulation is always QPSK. 
For the smaller rates, one code of SF=4 is used. For the intermediate rates, one code of SF=2 is used.

For the higher rates, two codes, one each of SF=4 and SF=2, are used, for an input of 3 modulation symbols. 
1. The 1st symbol is spread using ++--

2. The 2nd symbol is spread using +-00 wherein 0 indicates DTX

3. The 3rd symbol is spread using 00+- wherein 0 indicates DTX

4. The energy per chip on +- is twice the energy per chip on ++-- 

1. Energy per all input modulation symbols is the same
From a PAR perspective, it can be seen that:
1. For intermediate rates, it is better to use +-, instead of using ++-- and +-+-.

2. For higher rates, it is better to use ++-- and +-, instead of ++--, +-+- and +--+.

This allows for a peak rate of 4.096 Mbps using 2 codes and a code rate of 0.711. However, with a target of 2 or 4 transmissions, the target rate reduces to 2.048 Mbps and 1.024 Mbps. 
	Index
	Transport Block Size
	SF
	Mod
	OVSF Codes
	Code Rate
	Rate (kbps)

	
	
	
	
	
	
	1 Tx
	2 Tx
	4 Tx

	0
	256
	4
	QPSK
	++--
	0.333
	128
	64
	32

	1
	512
	4
	QPSK
	++--
	0.333
	256
	128
	64

	2
	768
	4
	QPSK
	++--
	0.333
	384
	192
	96

	3
	1024
	4
	QPSK
	++--
	0.333
	512
	256
	128

	4
	1280
	4
	QPSK
	++--
	0.333
	640
	320
	160

	5
	1536
	4
	QPSK
	++--
	0.400
	768
	384
	192

	6
	1792
	4
	QPSK
	++--
	0.467
	896
	448
	224

	7
	2048
	4
	QPSK
	++--
	0.533
	1024
	512
	256

	8
	2304
	2
	QPSK
	+-
	0.333
	1152
	576
	288

	9
	2560
	2
	QPSK
	+-
	0.333
	1280
	640
	320

	10
	2816
	2
	QPSK
	+-
	0.367
	1408
	704
	352

	11
	3072
	2
	QPSK
	+-
	0.400
	1536
	768
	384

	12
	3328
	2
	QPSK
	+-
	0.433
	1664
	832
	416

	13
	3584
	2
	QPSK
	+-
	0.467
	1792
	896
	448

	14
	3840
	2
	QPSK
	+-
	0.500
	1920
	960
	480

	15
	4096
	2
	QPSK
	+-
	0.533
	2048
	1024
	512

	16
	4352
	2
	QPSK
	+-
	0.378
	2176
	1088
	544

	17
	4608
	2
	QPSK
	+-
	0.400
	2304
	1152
	576

	18
	4864
	2
	QPSK
	+-
	0.422
	2432
	1216
	608

	19
	5120
	4, 2
	QPSK
	++--, +-
	0.444
	2560
	1280
	640

	20
	5376
	4, 2
	QPSK
	++--, +-
	0.467
	2688
	1344
	672

	21
	5632
	4, 2
	QPSK
	++--, +-
	0.489
	2816
	1408
	704

	22
	5888
	4, 2
	QPSK
	++--, +-
	0.511
	2944
	1472
	734

	23
	6144
	4, 2
	QPSK
	++--, +-
	0.533
	3072
	1536
	768

	24
	6400
	4, 2
	QPSK
	++--, +-
	0.556
	3200
	1600
	800

	25
	6656
	4, 2
	QPSK
	++--, +-
	0.578
	3328
	1664
	832

	26
	6912
	4, 2
	QPSK
	++--, +-
	0.600
	3456
	1728
	864

	27
	7168
	4, 2
	QPSK
	++--, +-
	0.622
	3584
	1792
	896

	28
	7424
	4, 2
	QPSK
	++--, +-
	0.644
	3712
	1856
	928

	29
	7680
	4, 2
	QPSK
	++--, +-
	0.667
	3840
	1920
	960

	30
	7936
	4, 2
	QPSK
	++--, +-
	0.699
	3968
	1984
	992

	31
	8192
	4, 2
	QPSK
	++--, +-
	0.711
	4096
	2048
	1024


Table 1

Reference MCS – 2 ms TTI
	Index
	Transport Block Size
	SF
	Mod
	OVSF Codes
	Code Rate
	Rate (kbps)

	
	
	
	
	
	
	1 Tx
	2 Tx
	4 Tx

	0
	256
	4
	QPSK
	++--
	0.333
	25.6
	12.8
	6.4

	1
	512
	4
	QPSK
	++--
	0.333
	51.2
	25.6
	12.8

	2
	768
	4
	QPSK
	++--
	0.333
	76.8
	38.4
	19.2

	3
	1024
	4
	QPSK
	++--
	0.333
	102.4
	51.2
	25.6

	4
	1280
	4
	QPSK
	++--
	0.333
	128
	64
	32

	5
	1536
	4
	QPSK
	++--
	0.333
	153.6
	76.8
	38.4

	6
	1792
	4
	QPSK
	++--
	0.333
	179.2
	89.6
	44.8

	7
	2048
	4
	QPSK
	++--
	0.333
	204.8
	102.4
	51.2

	8
	2304
	4
	QPSK
	++--
	0.333
	230.4
	115.2
	57.6

	9
	2560
	4
	QPSK
	++--
	0.333
	256
	128
	64

	10
	2816
	4
	QPSK
	++--
	0.333
	281.6
	140.8
	70.4

	11
	3072
	4
	QPSK
	++--
	0.333
	307.2
	153.6
	76.8

	12
	3328
	4
	QPSK
	++--
	0.333
	332.8
	166.4
	83.2

	13
	3584
	4
	QPSK
	++--
	0.333
	358.4
	179.2
	89.6

	14
	3840
	4
	QPSK
	++--
	0.333
	384
	192
	96

	15
	4096
	4
	QPSK
	++--
	0.333
	409.6
	204.8
	102.4

	16
	4352
	4
	QPSK
	++--
	0.333
	435.2
	217.8
	108.8

	17
	4608
	4
	QPSK
	++--
	0.333
	460.8
	230.4
	115.2

	18
	4864
	4
	QPSK
	++--
	0.333
	486.4
	243.2
	121.6

	19
	5120
	4
	QPSK
	++--
	0.333
	512
	256
	128

	20
	5376
	4
	QPSK
	++--
	0.333
	537.6
	268.8
	134.4

	21
	5632
	4
	QPSK
	++--
	0.333
	563.2
	281.6
	140.8

	22
	5888
	4
	QPSK
	++--
	0.333
	588.8
	294.4
	147.2

	23
	6144
	4
	QPSK
	++--
	0.333
	614.4
	307.2
	153.6

	24
	6400
	4
	QPSK
	++--
	0.333
	640
	320
	160

	25
	6656
	4
	QPSK
	++--
	0.347
	665.6
	332.8
	166.4

	26
	6912
	4
	QPSK
	++--
	0.360
	691.2
	345.6
	172.8

	27
	7168
	4
	QPSK
	++--
	0.373
	716.8
	358.4
	179.2

	28
	7424
	4
	QPSK
	++--
	0.387
	742.4
	371.2
	185.6

	29
	7680
	4
	QPSK
	++--
	0.400
	768
	384
	192

	30
	7936
	4
	QPSK
	++--
	0.413
	793.6
	396.8
	198.4

	31
	8192
	4
	QPSK
	++--
	0.427
	819.2
	409.6
	204.8


Table 2

Reference MCS – 10 ms TTI

Clearly, one can achieve the same target rate, using different transport formats and number of transmissions. For instance, to achieve 1.024 Mbps using 2 ms TTI, one can use TF 7 with 1 transmission, TF 15 with 2 transmissions or TF 31 with 4 transmissions. 

3 Simulations

We will consider 4 different sets of simulations, each with a different target rate. This is shown in Table 3.
	Target Data Rate (kbps)
	MCS

	
	1 Tx
	2 Tx
	4 Tx

	640
	4
	9
	19

	768
	5
	11
	23

	896
	6
	13
	27

	1024
	7
	15
	31


Table 3

Simulation Set – 2ms TTI
The HSDPA redundancy versions were used with no limits on first rate matching. The Xrv used for {1, 2, 4} transmissions were {0}, {0, 3} and {0, 3, 5, 7} respectively.

For each simulation run:

1. The E-DPDCH/DPCCH (T/P) ratio was varied from 1 dB to 21 dB.
a. The T/P ratio is maintained a constant between re-transmissions.

2. Outer loop was run on the residual BLER

a. After the target number of transmissions (1, 2, 4), the E-DPDCH is still in error, the DPCCH set-point is incremented.

3. Remaining assumptions are listed in the Appendix.

Figures 1 to 4 show the combined Eb/Nt (E-DPDCH) vs. T/P. The combined Eb is defined as the total energy per bit needed for a successful transmission, including the DPCCH overhead.
We observe the following:

1. For the same target data rate, as the target number of transmissions increases, the link efficiency improves.

a. The efficiency improvement reduces as the base number of transmissions increases. 

b. The combined Eb/Nt gain from 1 to 2 transmissions is more than the gain from 2 to 4 transmissions.

2. The optimal Ecp/Nt set-point decreases and T/P increases as the number of transmissions increases.
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Figure 1

Combined Eb/Nt vs. T/P – Target Data Rate = 640 kbps
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Figure 2

Combined Eb/Nt vs. T/P – Target Data Rate = 768 kbps
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Figure 3

Combined Eb/Nt vs. T/P – Target Data Rate = 896 kbps
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Figure 4

Combined Eb/Nt vs. T/P – Target Data Rate = 1024 kbps
Let us examine the optimal operating point for each case as shown in Table 3.

	Target Data Rate (kbps)
	MCS
	Optimal T/P (dB)
	Optimal Ecp/Nt (dB)
	Optimal Eb/Nt (dB)
	BLER
	Average number of transmissions

	
	
	
	
	
	1 Tx
	2 Tx
	3 Tx
	4 Tx
	

	640
	4
	10
	-14.2
	4.0
	0.01
	-
	-
	-
	1.00

	640
	9
	15
	-19.1
	2.8
	0.60
	0.01
	-
	-
	1.60

	640
	19
	14
	-18.6
	2.1
	0.99
	0.81
	0.20
	0.01
	3.00

	768
	5
	10
	-13.4
	4.0
	0.01
	-
	-
	-
	1.00

	768
	11
	14
	-17.6
	2.7
	0.65
	0.01
	-
	-
	1.65

	768
	23
	15
	-18.6
	2.2
	0.99
	0.73
	0.16
	0.01
	2.90

	896
	6
	9
	-12.1
	3.7
	0.01
	-
	-
	-
	1.00

	896
	13
	14
	-16.7
	3.0
	0.73
	0.01
	-
	-
	1.73

	896
	27
	15
	-18.1
	2.1
	0.99
	0.81
	0.19
	0.01
	3.00

	1024
	7
	10
	-12.4
	3.8
	0.01
	-
	-
	-
	1.00

	1024
	15
	13
	-15.6
	3.0
	0.84
	0.01
	-
	-
	1.84

	1024
	31
	15
	-17.6
	2.1
	0.99
	0.84
	0.22
	0.01
	3.07


Table 4

Optimal Operating Point – 1, 2, 4 transmissions
We note that:

1. For the same target data rate, as the number of transmissions increases, the E-DPDCH can be terminated earlier ( effective data rate is higher.

2. The first transmission BLER can be very high for the most efficient link operation

a. This does not necessarily maximize throughput

Figures 5-8 show the throughput as a function of T/P.
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Figure 5

Throughput vs. T/P – Target Data Rate = 640 kbps
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Figure 6

Throughput vs. T/P – Target Data Rate = 768 kbps
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Figure 7

Throughput vs. T/P – Target Data Rate = 896 kbps
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Figure 8

Throughput vs. T/P – Target Data Rate = 1024 kbps
We note the following:

1. For the same effective throughput, link efficiency increases as the target number of transmissions increases. For example, consider an effective throughput of 1200 kbps in Figure 8.
a. The required T/P for {2, 4} transmissions is {17, 8}.

b. From Figure 4, the required Eb/Nt for {2, 4} transmissions is {3.1, 2.4} dB.

2. For the same number of transmissions, the throughput can be increased at the cost of link efficiency.
a. The increased throughput is due to earlier termination ( 1st transmission BLER reduces.
4 Conclusions

From the results in this contribution, we make the following conclusions.

1. The link efficiency of HARQ improves as the number of transmissions increases due to early termination gains.
a. The efficiency increase reduces as the base number of transmissions increases.

2. For the same number of transmissions, the effective throughput can be increased at the cost of link efficiency.
	Parameter
	Value

	DPCCH Slot Format
	0

	Inner Loop Power Control Step Size
	+/- 1 dB

	OLPC Up Step
	+0.5 dB

	Channel Estimation
	Enabled

	PC BER
	4%

	PC Delay
	1 slot

	Number of Rx antennas
	2

	Channels
	AWGN


Table 5

Simulation Assumptions









