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1. Introduction

This document shows the E-AGCH performance in terms of the required power under the various possible conditions such as information bit length, spreading factor, code rate, and rate matching algorithm.
During the last RAN1#39 meeting in Shin Yokohama, the following issues for E-AGCH are agreed.

· E-AGCH
· Rate matching

· Define a fixed rate matching pattern. (provided the total number of the bits is known)
· E-AGCH spreading factor, SF256
· code rate is 1/3
The total number of bits, however, is not decided yet, which mainly affects the Node B power requirements. In last RAN2#45bis meeting and RAN1 EUL Conference call#1 held in last January, E-AGCH transmission power cost aspects were discussed [1]. In order to keep the transmission cost low, it concluded that the total number of bits should not be higher than approximately 10bits. Based on the above aspects, we evaluated lots of possible cases for E-AGCH to find the least power cost case.

2. E-AGCH Performance
2.1. Simulation assumptions
We evaluated the E-AGCH performance taking into account the following considerations.

· Information bit length
· Not more than 10, we took 5, 6, 7, 8, 9, and 10 bits.
· Spreading factor and coding rate of convolutional code

· Though SF256 and the rate 1/3 convolutional code are already agreed, we are very interested in what is the proper choice from the performance point of view. Therefore we simulated the case of SF128 and/or the rate 1/2 convolutional code as well as that of SF256 and/or the rate 1/3 convolutional code.
· For SF256 the effective coding rate varies from 0.48 to 0.57 considering above information bit length, which means so many bits are punctured with the rate 1/3 convolutional code.

· For SF128 the effective coding rate varies from 0.24 to 0.28 considering above information bit length, which means so many bits are repeated even for the rate 1/3 convolutional code.
· Rate matching algorithm

· R99 rate matching algorithm

· Alternative algorithm: we took the similar concept as used for the HS-SCCH which has the benefit for the convolutional coding of short length block. 

More detailed simulation assumptions are listed in Annex A.

2.2. Simulation results
Table 1 summarizes the required E-AGCH Ec/Ior and the percentage of the total Node B transmission power for 1% E-AGCH BLER. More detailed simulation results can be found in Annex B.
Table 1: E-AGCH power requirements
	E-AGCH BLER = 1%
	E-AGCH SF256
	E-AGCH SF128

	
	R=1/3
	R=1/2
	R=1/3
	R=1/2

	
	R99
	Alt.
	R99
	Alt.
	R99
	Alt.
	R99

	5 bits
	AWGN
	Ec/Ior[dB]
	-25.7
	-26.05
	-25.85
	-25.75
	-26.05
	-26.2
	ㆍ

	
	
	%
	0.27%
	0.25%
	0.26%
	0.27%
	0.25%
	0.24%
	ㆍ

	
	PB3
	Ec/Ior[dB]
	-20.7
	-21
	-20.7
	-20.8
	-20.9
	-21.1
	ㆍ

	
	
	%
	0.85%
	0.79%
	0.85%
	0.83%
	0.81%
	0.78%
	ㆍ

	
	VA30
	Ec/Ior[dB]
	-20.1
	-20.5
	-20.1
	-20.2
	-20.3
	-20.6
	ㆍ

	
	
	%
	0.98%
	0.89%
	0.98%
	0.95%
	0.93%
	0.87%
	ㆍ

	6 bits
	AWGN
	Ec/Ior[dB]
	-25.6
	-25.8
	-25.7
	ㆍ
	-25.8
	-26
	ㆍ

	
	
	%
	0.28%
	0.26%
	0.27%
	ㆍ
	0.26%
	0.25%
	ㆍ

	
	PB3
	Ec/Ior[dB]
	-20.4
	-20.6
	-20.5
	ㆍ
	-20.6
	-20.7
	ㆍ

	
	
	%
	0.91%
	0.87%
	0.89%
	ㆍ
	0.87%
	0.85%
	ㆍ

	
	VA30
	Ec/Ior[dB]
	-20
	-20.3
	-20
	ㆍ
	-20.1
	-20.3
	ㆍ

	
	
	%
	1.00%
	0.93%
	1.00%
	ㆍ
	0.98%
	0.93%
	ㆍ

	7 bits
	AWGN
	Ec/Ior[dB]
	-25.3
	-25.7
	-25.5
	-25.6
	-25.7
	-25.8
	ㆍ

	
	
	%
	0.30%
	0.27%
	0.28%
	0.28%
	0.27%
	0.26%
	ㆍ

	
	PB3
	Ec/Ior[dB]
	-20.1
	-20.3
	-20.2
	-20.3
	-20.3
	-20.5
	ㆍ

	
	
	%
	0.98%
	0.93%
	0.95%
	0.93%
	0.93%
	0.89%
	ㆍ

	
	VA30
	Ec/Ior[dB]
	-19.8
	-20
	-19.9
	-20
	-20
	-20.1
	ㆍ

	
	
	%
	1.05%
	1.00%
	1.02%
	1.00%
	1.00%
	0.98%
	ㆍ

	8 bits
	AWGN
	Ec/Ior[dB]
	-25.1
	-25.4
	-25.2
	-25.4
	-25.45
	-25.6
	ㆍ

	
	
	%
	0.31%
	0.29%
	0.30%
	0.29%
	0.29%
	0.28%
	ㆍ

	
	PB3
	Ec/Ior[dB]
	-20
	-20.2
	-20.1
	-20.2
	-20.4
	-20.5
	ㆍ

	
	
	%
	1.00%
	0.95%
	0.98%
	0.95%
	0.91%
	0.89%
	ㆍ

	
	VA30
	Ec/Ior[dB]
	-19.5
	-19.8
	-19.5
	-19.7
	-19.8
	-19.9
	ㆍ

	
	
	%
	1.12%
	1.05%
	1.12%
	1.07%
	1.05%
	1.02%
	ㆍ

	9 bits
	AWGN
	Ec/Ior[dB]
	-24.85
	-25.2
	-25.05
	-25.3
	-25.3
	-25.5
	ㆍ

	
	
	%
	0.33%
	0.30%
	0.31%
	0.30%
	0.30%
	0.28%
	ㆍ

	
	PB3
	Ec/Ior[dB]
	-19.6
	-19.9
	-19.7
	-19.9
	-19.9
	-20
	ㆍ

	
	
	%
	1.10%
	1.02%
	1.07%
	1.02%
	1.02%
	1.00%
	ㆍ

	
	VA30
	Ec/Ior[dB]
	-19.15
	-19.5
	-19.3
	-19.6
	-19.5
	-19.65
	ㆍ

	
	
	%
	1.22%
	1.12%
	1.17%
	1.10%
	1.12%
	1.08%
	ㆍ

	10 bits
	AWGN
	Ec/Ior[dB]
	-24.7
	-25
	-24.8
	-25
	-25.2
	-25.3
	-25

	
	
	%
	0.34%
	0.32%
	0.33%
	0.32%
	0.30%
	0.30%
	0.32%

	
	PB3
	Ec/Ior[dB]
	-19.4
	-19.7
	-19.5
	-19.7
	-19.9
	-20
	-19.7

	
	
	%
	1.15%
	1.07%
	1.12%
	1.07%
	1.02%
	1.00%
	1.07%

	
	VA30
	Ec/Ior[dB]
	-19
	-19.2
	-19.1
	-19.3
	-19.3
	-19.4
	-19.1

	
	
	%
	1.26%
	1.20%
	1.23%
	1.17%
	1.17%
	1.15%
	1.23%


Looking into above results, we can observe the following aspects.
· Information bit length 

· It is obvious that more the bits need more power. 
· The percentage of the total Node B transmission power is not more than 1.26% in the worst case of 10-bit information.
· Rate matching algorithm

· For all combinations of SF and coding rate, the alternative rate matching outperforms the Rel-99 rate matching about 0.2 dB to 0.3 dB.

· Spreading factor
· With the same coding rate of convolutional code, SF128 outperforms SF256 about 0.2 dB in almost all cases at the cost of downlink code resource.

· Coding rate of convolutional code

· For SF256, with applying the alternative rate matching algorithm, the performance results of Table 1 recommends 

· to use coding rate 1/3 for cases of 5 to 8 information bits

· to use coding rate 1/2 for cases of 9 and 10 information bits

· For SF128, the effective coding rate is from 0.24 to 0.28 according to the information bit length. This means that the rate 1/3 is more appropriate in terms of error correction performance.

3. Discussions

In order to progress further on the issue of number of E-AGCH information bits, we provide following discussions. 

· It is anticipated that there will be very few E-AGCH channels per cell. Therefore, it seems better to take 0.2 dB gain from SF128.

· It is observed that adding one more bit results in almost constant increase of the power requirement about 0.2 dB or 0.3 dB. Therefore, the number of information bits should be minimized. 

· As far as we understand, current situation of discussions on the E-AGCH information content is as follows:

· 7-bit is used for signaling of E-TFCI on E-DPCCH. Hence, it would be a natural to have not more than 7 bits for resource indication in E-AGCH.

· 1-bit SingleProcess flag was agreed to be included in E-AGCH in RAN2#45bis meeting.

· One more information bit might be included in E-AGCH depending on further discussions, e.g., indication of valid duration among single TTI or infinity.
Considering the above situations, we expect that the number of E-AGCH information bits should be 9 (i.e., 7+1+1) at maximum.

4. Conclusion
From the discussions given in sections 2 and 3, we propose to agree on the following recommendations for E-AGCH:
Recommendations:
· Spreading factor: 128
· Coding rate of convolutional code: 1/3

· Candidates for number of information bits: 5, 6, 7, 8, 9

· Rate matching pattern for each possible number of information bits
	# info. bits
	Position of repeated bits (rate matching pattern)

	5
	{14, 17, 18, 21, 23, 26, 27, 28, 30, 31, 34, 36, 37, 38, 39, 42, 43, 45, 46, 47, 49, 50, 51, 52, 54, 55, 56, 57, 60, 61, 65, 66, 80}

	6
	{9, 13, 15, 16, 19, 22, 23, 28, 31, 33, 39, 40, 41, 42, 43, 44, 49, 50, 52, 55, 57, 58, 60, 63, 65, 66, 67, 68, 70, 75}

	7
	{18, 19, 21, 24, 27, 30, 31, 34, 35, 37, 40, 41, 43, 44, 45, 46, 50, 53, 54, 57, 58, 61, 63, 64, 68, 71, 72}

	8
	{19, 23, 25, 27, 31, 33, 37, 38, 39, 42, 45, 46, 49, 50, 51, 53, 56, 61, 62, 64, 67, 68, 70, 72}

	9
	{25, 26, 37, 39, 40, 41, 42, 45, 47, 51, 52, 53, 57, 60, 63, 68, 69, 75, 80, 81, 82}
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Annex A. Simulation assumptions

Table 2 Simulation assumptions
	Parameter
	Value
	Note

	Carrier Frequency
	2 GHz
	

	# TX antennas
	1
	No STTD

	DPCH
	Information bit rate
	12.2 kbps (voice) + 3.4 kbps (SRB)
	R=1/3, Convolutional coding

	
	Slot format
	11
	SF=128, Npilot=8, Ndata1=6, Ndata2=22

	E-AGCH
	Information bit
	5, 6, 7, 8, 9, 10
	UE ID masked CRC is attached

	
	Channel coding
	R=1/3, 1/2, Convolutional coding
	

	
	SF
	128, 256
	

	
	TTI
	2 ms
	It is simply assumed that E-AGCH is transmitted every TTI.

	Other DL PhCHs
	CPICH, P-SCH, S-SCH, PICH, P-CCPCH
	

	Propagation Channel model
	AWGN, PB3, VA30
	

	Channel estimation
	Ideal
	

	Inner-loop power control
	Off
	

	Outer-loop power control
	Off
	

	Sample rate
	1 sample/chip
	

	Geometry factor (Ior/Ioc)
	3 dB
	


- Alternative E-AGCH rate matching algorithm

· SF256, Rate 1/3 convolutional code
· In case of information bit length is 5:
Following bits, {1, 2, 3, 6, 7, 10, 12, 14, 17, 19, 20, 21, 39, 45, 48, 59, 65, 67, 74, 75, 76, 80, 81, 83, 85, 86, 87}, are to be punctured out of channel coded bits, {1, 2, …, 87}. 
· In case of information bit length is 6:
Following bits, {1, 2, 5, 6, 7, 11, 12, 14, 15, 17, 23, 24, 31, 37, 44, 47, 61, 63, 64, 71, 72, 75, 77, 80, 83, 84, 85, 87, 88, 90}, are to be punctured out of channel coded bits, {1, 2, …, 90}.

· In case of information bit length is 7:
Following bits, {1, 3, 4, 5, 7, 9, 11, 12, 13, 15, 17, 20, 23, 42, 45, 46, 50, 54, 70, 71, 74, 77, 80, 81, 82, 83, 85, 86, 87, 89, 90, 91, 93}, are to be punctured out of channel coded bits, {1, 2, …, 93}.
· In case of information bit length is 8
Following bits, {1, 3, 4, 6, 7, 8, 11, 13, 14, 20, 22, 23, 24, 25, 32, 36, 40, 44, 47, 50, 58, 64, 70, 73, 76, 77, 79, 80, 83, 86, 88, 89, 92, 93, 94, 96}, are to be punctured out of channel coded bits, {1, 2, …, 96}.

· In case of information bit length is 9 
Following bits, {2, 3, 4, 5, 6, 9, 10, 12, 14, 17, 18, 21, 27, 32, 33, 36, 37, 41, 49, 51, 52, 55, 62, 71, 72, 73, 78, 80, 85, 86, 88, 89, 91, 93, 94, 95, 96, 97, 98}, are to be punctured out of channel coded bits, {1, 2, …, 99}.

· In case of information bit length is 10
Following bits, {1, 3, 5, 6, 7, 9, 10, 12, 13, 15, 16, 17, 20, 21, 30, 32, 34, 42, 43, 44, 50, 52, 54, 55, 57, 61, 75, 78, 79, 82, 84, 87, 88, 90, 92, 93, 94, 97, 98, 99, 101, 102}, are to be punctured out of channel coded bits, {1, 2, …, 102}.
· SF256, Rate 1/2 convolutional code

· In case of information bit length is 5
Following bits, {23, 57}, are to be repeated out of channel coded bits, {1, 2, …, 58}.
· In case of information bit length is 6
No action
· In case of information bit length is 7
Following bits, {2, 62}, are to be punctured out of channel coded bits, {1, 2, …, 62}.
· In case of information bit length is 8
Following bits, {2, 10, 60, 63}, are to be punctured out of channel coded bits, {1, 2, …, 64}.
· In case of information bit length is 9
Following bits, {1, 3, 7, 59, 63, 66}, are to be punctured out of channel coded bits, {1, 2, …, 66}.
· In case of information bit length is 10
Following bits, {1, 2, 3, 8, 49, 65, 67, 68}, are to be punctured out of channel coded bits, {1, 2, …, 68}.
· SF128, Rate 1/3 convolutional code

· In case of information bit length is 5 
Following bits, {14, 17, 18, 21, 23, 26, 27, 28, 30, 31, 34, 36, 37, 38, 39, 42, 43, 45, 46, 47, 49, 50, 51, 52, 54, 55, 56, 57, 60, 61, 65, 66, 80}, are to be repeated out of channel coded bits, {1, 2, …, 87}.
· In case of information bit length is 6 
Following bits, {9, 13, 15, 16, 19, 22, 23, 28, 31, 33, 39, 40, 41, 42, 43, 44, 49, 50, 52, 55, 57, 58, 60, 63, 65, 66, 67, 68, 70, 75}, are to be repeated out of channel coded bits, {1, 2, …, 90}.
· In case of information bit length is 7 
Following bits, {18, 19, 21, 24, 27, 30, 31, 34, 35, 37, 40, 41, 43, 44, 45, 46, 50, 53, 54, 57, 58, 61, 63, 64, 68, 71, 72}, are to be repeated out of channel coded bits, {1, 2, …, 93}.
· In case of information bit length is 8 
Following bits, {19, 23, 25, 27, 31, 33, 37, 38, 39, 42, 45, 46, 49, 50, 51, 53, 56, 61, 62, 64, 67, 68, 70, 72}, are to be repeated out of channel coded bits, {1, 2, …, 96}.
· In case of information bit length is 9 
Following bits, {25, 26, 37, 39, 40, 41, 42, 45, 47, 51, 52, 53, 57, 60, 63, 68, 69, 75, 80, 81, 82}, are to be repeated out of channel coded bits, {1, 2, …, 99}.
· In case of information bit length is 10
Following bits, {16, 19, 29, 35, 38, 40, 49, 51, 52, 54, 57, 58, 64, 75, 78, 79, 81, 87}, are to be repeated out of channel coded bits, {1, 2, …, 102}.
Annex B. E-AGCH BLER performance

· E-AGCH: 5 bits
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· E-AGCH: 6 bits
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· E-AGCH: 7 bits
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· E-AGCH: 8 bits
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· E-AGCH: 9 bits
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· E-AGCH: 10 bits
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