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1
Introduction

In RAN1 #51b meeting agreement about E-DCH resource allocation in CELL_FACH state was achieved [1]. 
This document analyses the performance of agreed method against some proposals shown in 3GPP. 
2
Agreed resource assignment method
The agreement says that the resource assignment method is based on AICH. The following presents the method in detail [1]. 
· AICH: 

· N signatures for R99 PRACH access

· M signatures for EUL access

· M+N ( 16

· ”ACK” on AICH means ”use default configuration specific for the used PRACH preamble signature”

· ”NACK” on AICH means ”read E-AICH” if E-AICH is configured; otherwise it means actual NACK

· E-AICH 

· The usage of E-AICH is optional for NodeB (RRC configurable for UE)

· Max 1 BPSK modulated signature out of a configurable number (from 1 to 16) of contiguous BPSK modulated signatures is transmitted on E-AICH

· This ensures a low PAR

· The first of the configured values is reserved for actual NACK

· Up to 32 values (including NACK) can be signalled

· The information on E-AICH represents a number to add to the table index of the default configuration (modulo the number of configurations)

The AICH signature space is extended from 16 signatures (as defined in Rel99) to 32 signatures. The E-AICH can be configured to use the additional signatures. The introduction of E-AICH does not require additional channelisation code. 

3
Simulations
3.1
Assumptions
Main assumptions:
· 8 PRACH signatures

· 8 AICH and 8 E-AICH signatures

· Number of E-DCH resources depends on resource assignment method

· In 1-to-1 mapping 8 E-DCH resources

· In 1-to-2 mapping 16 E-DCH resources

· In signature combinations 16 E-DCH resources (only one PRACH preamble can be acknowledged per AS)
· In 3GPP agreed mapping 16 E-DCH resources

· 650 bytes (HTTP request) as traffic, no  other traffic

· Call arrival rate 0.6 call/second, Poisson distributed

· Max num. of  random active RACH procedures from 1 up to 50 per cell 

· In explicit mapping only one user can be acknowledged in one access slot

· In Phase #2 of the 3GPP agreed mapping resources that are not directly corresponding to PRACH signatures (Phase #1 resources) are allocated first (if possible)
· NOTE! Phase #2 implementation has been done so that NACK is sent on E-AICH if more than one PRACH preamble signature (NACKed on AICH) is to be served at the same AS which is not the most optimum way. It’s also possible to assign E-DCH resources to more than one PRACH preamble signature on E-AICH if there are E-DCH resources available that can be addressed via one existing offset for each PRACH preamble signature. The results shown below are thus not as good as they could be. Still the probability that there is more than one PRACH preamble signature to be served on E-AICH in one AS is very low and for that reason presented results are close to optimal ones.
Rules to drop UE from the system:
· Connection to “best NodeB” is too weak (BCH couldn’t be decoded)

· The entire data transmission time (random access phase + data transmission) exceeds the maximum time
· Maximum number of preambles sent without receiving AICH response

· Connection gets so weak that maximum UE transmit power isn’t enough to get data through

3.2
Environment

The simulations are carried out in macro cell environment which includes 7 Node B’s in three sector configuration totaling 21 cells, all under one RNC. Arrival process of UEs into to system is modeled as a Poisson process. There is no other traffic than R’99 RACH or E-DCH UEs in CELL_FACH state. The UEs in CELL_FACH state transmits data in RLC AM mode in which RLC feedback channel is error-less and with infinite bandwidth. Appendix A gives details for the simulation parameters.
3.3
Results
Figure 1 illustrates the blocking probability experienced by the UE when data amount to send is 650 bytes. Figure 2 presents the collision probability from the UE point of view.
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Figure 1: Blocking probability as a function of number of UEs in a cell when data amount is 650 bytes.
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Figure 2: Collision probability as a function of number of UEs in a cell when data amount is 650 bytes.


Figure 3 shows the average data transmission time and Figure 4 depicts the E-DCH resource occupancy. 
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Figure 3: Average serving time as a function of number of UEs in a cell when data amount is 650 bytes.
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Figure 4: Resource usage as a function of number of UEs in a cell when data amount is 650 bytes.


Figure 5 illustrates the dropping probability as a function of number of users in a cell where dropping of UEs follow the rules introduced in 3.1. 
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Figure 5: Dropping probability as a function of number of UEs in a cell when data amount is 650 bytes.


4
Conclusions

The agreed resource assignment method seems to have very good performance when looking at critical metrics like blocking and collision probability and average service time when compared to other AICH based proposals. It has better blocking probability than signature combinations (one signature can be ACKed per AS) and otherwise the performance is quite same for those two in these simulations but the implementation of the agreed method is simpler.
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Appendix A: Simulation parameters
	Parameter:
	Value:

	Cellular layout
	Hexagonal cell grid, wrap-around. 7 Node B’s and 21 sectors.

	Cell radius
	933 meters

	UE speed
	30 km/h

	Antenna
	3GPP_70

	Simulation time
	6 minutes i.e. 540 000 slots 

	Channel model
	Modified Vehicular A 

	Tap gains
	[-3.1; -5.0; -10.4; -13.4; -13.9; -20.4]

	UE arrival method
	Poisson process

	Background traffic
	No

	RACH/E-DCH UEs
	100 % of UEs

	RACH/E-DCH Traffic type
	650 bytes uploading

	RLC mode
	AM

	RLC feedback channel
	Infinite bandwidth and error-less

	Max Tx Power
	0.125 W

	Min Tx Power
	3.95e-10 W

	Normal distributed open loop error deviation
	4.5 dB

	Preamble detection SIR threshold
	-25.0 dB

	Preamble power step
	1.0 dB

	Preamble to control channel (DPCCH) power offset
	-2.0 dB

	Number of PRACH signatures
	8

	Max number of preamble transmissions
	16

	T2 timer
	10 ms

	TBO1
	10 ms

	Persistence value
	1

	Resource assignment method (# of resources)
	One-to-one mapping (8)
One-to-two mapping (16)
Signature combinations (16)
3GPP agreed method (16)

	UL interference update period
	80 ms

	Data to control power ratio
	N/A

	Initial bitrate
	32 kbps

	Max bitrate
	128 kbps

	Collision solving time
	40 ms

	TTI length
	10 ms

	HARQ processes
	4

	Max number of HARQ transmissions
	4

	Power control preambles before data transmission
	0 slots

	Inner loop power control
	Yes

	Inner loop power control step size
	1 dB

	Outer loop power control
	Yes, in Node B

	Outer loop power control step size
	0.5 dB





























































































































































































































