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1. Introduction

During the last RAN1#40 meeting in Scottsdale, the contents and cost of the E-AGCH were discussed. Based on the discussion an LS [1] is sent to RAN2. The relevant part of the LS is reproduced below for convenience.
The contents of the E-AGCH consist of:

· 1 bit SingleProcess flag for per process/per UE scheduling (agreed at RAN2#45bis)

· 5 bits for the maximum E-DPDCH/DPCCH power ratio (agreed at RAN1#40)

· Possible other bits to be defined by RAN2

From a transmit power consumption perspective, it is strongly recommended that the total number of E-AGCH bits does not exceed a total of 7-8 bits with the current coding scheme. With modifications to the current coding scheme, the total number of bits might be increased to 9-10 bits. 

Though the RAN2 decision on the contents of the E-AGCH is not made yet, it is worthwhile to investigate the possible coding scheme from RAN1 point of view and then to focus on the reasonable one. This document further discusses about the E-AGCH performance in addition to the previous contribution [2] taking into account the tail-biting code also. 
2. E-AGCH Performance
2.1. Simulation assumptions
We evaluated the E-AGCH performance taking into account the following considerations.

· Information bit length: 6-10 bits

· Spreading factor: 256

· Channel coding

· Standard convolutional code (rate 1/3, constraint length 9): 8 tail bits with binary value 0
· Tail-biting convolutional code (rate 1/3, constraint length 9): no tail bit [3]
· 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
Figure 1 summarizes the required E-AGCH Ec/Ior for 1% E-AGCH BLER. More detailed simulation results can be found in Annex B.
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Figure 1 E-AGCH power requirements
Looking into above results, we can observe the following aspects.

· Rate matching algorithm
· For the standard convolutional code, by applying alternative rate matching algorithm we can achieve about 0.2dB performance gain. This gain comes from the structure of standard convolutional code, which enforces zero state both of the initial and final state in the trellis. In other words, the decoder knows the starting and ending states of the trellis perfectly, which precludes the occurrence of some error events at the beginning and end of the trellis. Thus, we can expect better performance at the beginning and end of the trellis. This aspect allows some kind of increase in error rates at these positions. Therefore, if we have to puncture a certain amount of bit in a block, puncturing the beginning and end of the information block gives more benefit than uniform puncturing, e.g. R99 rate matching algorithm.
· For the tail-biting convolutional code, however, we expect almost uniform performance throughout the information block. This can be inferred from the fact that the tail-biting decoder can, in principle, be started in any state in the trellis. Thus, there could be no dependency on performance at the starting or the ending position. Based on this aspect, even if we adopt another puncturing algorithm, we expect that it would not give any notable performance gain over the uniform puncturing.
· Coding scheme

· Compared with standard convolutional code with alternative and R99 rate matching algorithm, tail-biting convolutional code with R99 rate matching algorithm has about 0.2dB and 0.5dB performance gain, respectively.
3. Discussions

· Rate matching algorithm

· If the standard convolutional code will be adopted, it is recommended to use an optimised rate matching pattern in a similar way specified for HS-SCCH.

· Reusability of existing channel coding block

· Tail-biting convolutional code needs to modify current convolutional encoder. It means that we can not reuse current channel coding block directly.

· Decoding complexity
· Though the decoding method is not a standardization issue, decoding complexity of the tail-biting convolutional code is higher than the standard convolutional code. The amount of complexity depends on the decoding algorithm, i.e. optimal and sub-optimal algorithm. Thus, without any significant gain it is recommended to maintain the current channel coding scheme. According to the above simulation result, the gain of the tail-biting convolutional code with R99 rate matching algorithm over the standard convolutional code with alternative one is about 0.2dB.
4. Conclusion
From the LS [1] and the discussions given in section 2 and 3, we propose to agree on the following recommendations for E-AGCH. 
Recommendations:
· Channel coding: standard convolutional code with rate 1/3

· Candidates for number of information bits: 6, 7, 8, 9, 10
· Rate matching pattern for each possible number of information bits
	# info. bits
	Position of punctured bits (rate matching pattern)

	6
	{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}

	7
	{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}

	8
	{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}

	9
	{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}

	10
	{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}


In the companion contribution [4], we provide a set of draft CRs implementing the rate matching patterns for the information bit lengths listed above. We further propose to agree on the CR corresponding to the RAN2 decision on the number of E-AGCH information bits.
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Annex A. Simulation assumptions

Table 1 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
	6, 8, 10
	UE ID masked CRC is attached

	
	Channel coding
	R=1/3, Convolutional coding, K=9
	Convolutional code with tail bits and tail-biting convolutional code

	
	SF
	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 (
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- Alternative E-AGCH rate matching algorithm for standard convolutional code
· SF256, Rate 1/3 convolutional code
· 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}.
Annex B. E-AGCH BLER performance

· E-AGCH: 6 bits

[image: image3.emf]E-AGCH: 6bits, AWGN, Geometry = 0dB
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 [image: image4.emf]E-AGCH: 6bits, PB3, Geometry = 0dB
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 [image: image5.emf]E-AGCH: 6bits, VA30, Geometry = 0dB
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· E-AGCH: 8 bits

[image: image6.emf]E-AGCH: 8bits, AWGN, Geometry = 0dB
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 [image: image7.emf]E-AGCH: 8bits, PB3, Geometry = 0dB

1.00E-03

1.00E-02

1.00E-01

1.00E+00

-22 -21 -20 -19 -18 -17 -16 -15 -14

Ec/Ior [dB]

BLER

conv. R99 RM

conv. Alt. RM

tailbiting, R99 RM

 [image: image8.emf]E-AGCH: 8bits, VA30, Geometry = 0dB
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· E-AGCH: 10 bits

[image: image9.emf]E-AGCH: 10bits, AWGN, Geometry = 0dB
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 [image: image10.emf]E-AGCH: 10bits, PB3, Geometry = 0dB
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 [image: image11.emf]E-AGCH: 10bits, VA30, Geometry = 0dB
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