
3GPP RAN1#40-bis




       R1-050296
Beijing, China 

April 4-8, 2005


Agenda Item:
9.6.2

Source: 

Motorola

Title: 

E-AGCH Coding and SF 

Document for: 
Discussion 


1. Introduction

This contribution presents the power requirements for the E-AGCH control channel with different number of information bits, convolutional coding schemes, and spreading factors[4].  A similar analysis can also be found in [2,3].

2. E-AGCH

From [1], the coding procedure for the absolute grant is described as shown in Figure 1.  First, a UE ID specific CRC of length 16 is appended to the information block.  The block is then convolutional encoded using a rate 1/3 convolutional encoder as described in Section 4.2.3.1 of TS25.212.  Rate matching is next performed to match the number of encoded bits to the number of available physical channel bits.   
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Figure 1.  Coding for the E-AGCH.

The E-DCH absolute grant is transmitted on the E-AGCH channel which is a fixed rate (30 kbps, SF=256) downlink common physical channel.  As a result, 60 physical channel bits are available for each E-DCH subframe of length 2ms.  When 10ms TTI is utilized on the E-DCH, however, it is to be decided whether the E-AGCH is to be transmitted in only one or in all five sub‑frames of the E-AGCH radio frame.

3. Simulation Assumptions
For the simulation results provided, Table 1 lists the simulation parameters used in this study.  At the UE, a standard Rake receiver was used with non-deal channel estimation but ideal finger placement.   The following options were considered when evaluating E-AGCH performance –

· Number of E-AGCH information bits considered in this study ranges from 4 to 14 bits.  It is expected, however, that the number of E-AGCH bits will not exceed 10.  So far, the following has been proposed by various companies:

i.  a maximum of 6 bits are required for Traffic to Pilot ratio

ii. 1 bit is required for the SingleProcess flag to indicate per UE or per HARQ process scheduling.

iii. 2 bits for logical channel for priority for dedicated mode or time duration for Group ID autonomous transmission [5]
· Block error rate (BLER) requirement of the E-AGCH is 1%.  However, power requirements for other BLER are also presented for comparison and consideration.

· Convolutional tailbiting code versus traditional convolutional code with tail bits.  With tailbiting code, no tail bits are required, which saves a significant amount of overhead.  With 10 E-AGCH bits, the 8 tail bits represent an overhead of approximately 24%.

· Spreading factor of 256 versus 128.  With SF=256, only 60 physical channel bits are available thus requiring encoded data bits to be punctured.  With SF=128, 120 physical channel bits are available and puncturing may not be required.  It, however, utilizes more code resources.

· Rate matching is done via R99 algorithm for simplicity.  It is expected that additional performance gain can be had with a tailored puncturing pattern once the number of E-AGCH is fixed.

Table 1. Simulation Parameters.

	Simulation Parameter
	Value

	Carrier Frequency
	2 GHz

	E-DCH TTI
	2ms

	Channels
	AWGN, PA3,

PB3, VA30

	Channel Estimation
	Non-Ideal (Pilot-Based)

	No. of antennas
	1

	Receiver
	Rake

	Searcher
	Ideal with fixed number of 

known fingers

	A/D
	None (floating point precision)

	Sampling Rate
	Chip Rate (1 sample/chip)

	Ior/Ioc
	0 dB

	Inner-Loop PC
	OFF

	Outer-Loop PC
	OFF 

	DPCCH Slot Format
	11


4. Simulation Results and Observations
Figure 2 illustrates the power requirement to achieve 1% BLER on the E-AGCH for various propagation channels as a function of the number E-AGCH bits. Figure 3 compares E-AGCH performance between spreading factor of 256 and 128.  Finally, Figure 4 shows the required power to achieve various BLER on the E-AGCH with 10 information bits.  Several observations may be drawn from these results –

· In general, approximately 0.4-0.6 dB increase in Ec/Ior is required for an increase of two E-AGCH bits in the range considered.  For PB3 channel, the difference between 8 and 10 E-AGCH bits translates into 0.3% increase in the Ec/Ior.

· Tailbiting convolutional code performs better than convolutional code with tail bits by approximately 1.0-1.2 dB due to reduced puncturing.  This improvement is consistent in the range of E-AGCH bits considered.

· A gain of 0.5-0.6 dB is achieved when SF=128 is used instead of SF=256.  For PB3 channel with 10 E-AGCH bits, this translates to a decrease of 0.4% in the Ec/Ior.

· Power requirement decreases significantly with higher BLER requirement.  From Figure 4, relaxing the power requirement from 1% to 5% decreases power requirement for the PB3 channel by approximately 1.9 dB.

· At 1% BLER and for 2ms TTI E-AGCH with ^Ior/Ioc of 0dB, power requirements for 8 and 10 E-AGCH bits under PB3 channel are 2.3% and 2.6% of the Node B’s power respectively (see Figure 2).  Since ~2.5% of total power is not negligible then for 10ms TTI E-DCH, the E-AGCH should be transmitted in all 5 sub-frames to reduce the power requirement.  

5. Conclusions
 The following is proposed for the AG channel

a. The AG channel should be provisioned to transmit up to a maximum of 10 information bits

b. Use a SF=256 for the AG channel

c. Convolutional code (R=1/3 K=9) without tail bits should be used
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Figure 2.  Required Ec/Ior for 1% E-AGCH BLER – comparison between tailbiting convolutional code and with tail bits, ^Ior/Ioc = 0 dB, non-ideal channel estimation. 
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Figure 3.  Required Ec/Ior for 1% E-AGCH BLER – comparison between SF=256 and SF=128, ^Ior/Ioc = 0 dB, non-ideal channel estimation.  
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Figure 4.  Required Ec/Ior for various E-AGCH BLER using tailbiting convolutional code, 10 E-AGCH bits, SF=256, ^Ior/Ioc = 0 dB, non-ideal channel estimation. 
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