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1
Introduction

E-AGCH channel was introduced to 3GPP RAN specifications in December 2004. The RAN1 specifications define physical layer attributes with the exception of rate matching (puncturing) which can only be defined after the actual number of bits in the Absolute Grant (AG) message is defined. This document addresses the question of how many information bits the AG can contain and how much does a bit in AG cost in terms of downlink transmission power required for E-AGCH. 

These results have not been discussed in RAN1 but are contributed to RAN2 for better understanding of the performance impacts the decisions on the size of the AG message may have.

2
E-AGCH performance

2.1
AG size and effective coding rate

RAN1 has defined the following parameters 

Spreading factor: 256
CRC size: 16 bits
Coding: Convolutional 1/3 with 8 tail bits
Message length: 3 slots

SF256 and 3 slot message length results with 60 channel bits available for E-AGCH sub-frame.

Rate matching can only be defined after the actual number of bits used for the AG message is known. However effective coding rates for different AG message lengths can be easily calculated simply by dividing the number of bits to encode with the number of available channel bits (60).

Table 1: Effective E-AGCH coding rates for different AG lengths

	AG bits
	CRC bits
	Tail bits
	Bits to encode
	Bits after 1/3 encoding
	Bits to puncture
	Effective coding rate

	4
	16
	8
	28
	84
	24
	0.47

	6
	16
	8
	30
	90
	30
	0.50

	8
	16
	8
	32
	96
	36
	0.53

	10
	16
	8
	34
	102
	42
	0.57

	12
	16
	8
	36
	108
	48
	0.60

	16
	16
	8
	40
	120
	60
	0.67

	20
	16
	8
	44
	132
	72
	0.74

	24
	16
	8
	48
	144
	84
	0.80


Already with 10 AG bits the effective coding rate of E-AGCH will be considerably high and thus the error correction performance of the code is not optimal.

2.2
AG size and required Node B transmit power

It is fairly obvious that the more bits the AG contains the larger portion of the total Node B transmission power is needed for the E-AGCH.

The following two tables reflect the power difference of 4-bit and 10-bit AG for both 2 ms and 10 ms transmission length. The 10 ms transmission length is achieved by repeating 5 times the 2 ms E-AGCH sub-frame. The actual simulation results and assumptions can be found in Annex A.

Table 2 Required instantaneous power percentage of the total transmission power of a Node B and Ec/Ior
for 1% AG BLER
	AG BLER: 1%
	4 AG bits
	10 AG bits

	
	1 x 2ms
	5 x 2ms
	1 x 2ms
	5 x 2ms

	Power control on

	Pedestrian A 3km/h, Îor/Ioc = 0 dB
	5.4% 
(-12.7dB)
	0.8% 
(-20.8 dB)
	7.2% 
(-11.4 dB)
	1.1% 
(-19.5 dB)

	Vehicular A 3km/h, Îor/Ioc = 0 dB
	4.0% 
(-14.0 dB)
	0.5% 
(-23.0 dB)
	5.5% 
(-12.6 dB)
	0.7% 
(-21.6 dB)

	Power control off

	Pedestrian A 3km/h, Îor/Ioc = 0 dB
	15.8% 
(-8.0 dB)
	2.5% 
(-16.0 dB)
	22.4% 
(-6.5 dB)
	3.6% 
(-14.4 dB)

	Vehicular A 30km/h, Îor/Ioc = 0 dB
	3.5% 
(-14.6 dB)
	0.5% 
(-23.2 dB)
	4.9% 
(-13.1 dB)
	0.7% 
(-21.7 dB)


Table 3 Required instantaneous power percentage of the total transmission power of a Node B and Ec/Ior
for 5% AG BLER
	AG BLER: 5%
	4 AG bits
	10 AG bits

	
	1 x 2ms
	5 x 2ms
	1 x 2ms
	5 x 2ms

	Power control on

	Pedestrian A 3km/h, Îor/Ioc = 0 dB

	3.0% 
(-15.3 dB)
	0.5% 
(-23.0 dB)
	4.1% 
(-13.9 dB)
	0.7% 
(-21.5 dB)

	Vehicular A 3km/h, Îor/Ioc = 0 dB
	2.5% 
(-16.0 dB)
	0.4% 
(-24.5 dB)
	3.4% 
(-14.7 dB)
	0.5% 
(-23.0 dB)

	Power control off

	Pedestrian A 3km/h, Îor/Ioc = 0 dB
	5.5% 
(-12.6 dB)
	1.0% 
(-20.2 dB)
	7.9% 
(-11.0 dB)
	1.4% 
(-18.5 dB)

	Vehicular A 30km/h, Îor/Ioc = 0 dB
	2.1% 
(-16.7 dB)
	0.3% 
(-24.8 dB)
	3.0% 
(-15.2 dB)
	0.5% 
(-23.3 dB)


Some observations from the results above:

· 10-bit AG length, 1% AG BLER, 10 ms length (5 times repetition of 2 ms E-AGCH sub-frame) and fast E-AGCH power control the required Node B transmit power in a balanced link (UE in the center of SHO area) will remain at or under 1.1%. 

· 10-bit AG length, 1% AG BLER, 2 ms length and fast E-AGCH power control the required Node B transmit power in a balanced link (UE in the center of SHO area) may exceed 7%

· Reducing the number of AG bits from 10 to 4 (1% AG BLER, 2 ms length, fast E-AGCH power control on) reduces the required Node B transmission power from 7.2% to 5.4% in the center of SHO area. The relative reduction is the same with 10 ms length as well.

· If higher AG BLER can be accepted the required portion of Node B power needed for E-AGCH is reduced.

· At least in the case of E-AGCH common to multiple UEs the power control off values would apply.

As the E-AGCH is transmitted only from the Serving E-DCH Cell, it is quite likely that in SHO the E-AGCH is quite often transmitted to a UE from the weaker cell. Thus the required E-AGCH power is further increased from the numbers shown above or the probability of erroneous reception in the UE is increased.

3
Conclusions

With 10-bit long Absolute Grant message the error protection capabilities of the agreed convolutional coding that can be fitted to SF256 E-AGCH is reduced (and thus power requirement increased) due to increased effective coding rate.

In case of 2 ms E-AGCH length (probably a must for 2 ms TTI scheduling) the power required for reliable E-AGCH transmission requires a significant portion of the Node B's total transmitted power even for 4-bit long Absolute Grant message. 

The number of bits fitted to the Absolute Grant message should be minimised as the cost of the bits in the power domain is not insignificant.

Annex A: Simulation assumptions

Table 4 shows the assumptions used for simulations. 
Table 4. Simulation assumptions
	Parameter
	Explanation/Assumption

	Chip Rate
	3.84 Mcps

	Closed loop Power Control
	ON/OFF

	Uplink TPC error rate
	4% (independent for different Node Bs)

	PC step size
	1.0dB 

	PC dynamic range
	±20dB from initial power

	PC additional upper limit
	max –3.0 dB of total BS power (as specified in TS25.101)

	Downlink Physical Channels and Power Levels
	As specified in TS25.101

	Rake 
	Number of Rake fingers is equal to the number of taps in all channels, ideal finger management, channel estimation from P-CPICH.


The propagation conditions are given in Table 5. 

Table 5 Propagation Conditions
	Pedestrian A modified, speed 3km/h
	Vehicular A modified, speed 30 km/h

	Relative Delay [ns]
	Relative mean Power [dB]
	Relative Delay [ns]
	Relative mean Power [dB]

	0
	0.0
	0
	0.0

	260
	-12.5
	260
	-2.4

	
	
	521
	-6.5

	
	
	781
	-9.4

	
	
	1042
	-12.7


