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1
Introduction

During the RAN#37 plenary meeting, the WI “Enhanced Uplink for CELL_FACH State in FDD” [1] was agreed with the intention to allow 
· transmission of background traffic such as HTTP requests, keep-alive messages of always-on services like push email in CELL_FACH, avoiding transition to CELL_DCH state or repeated random access to deliver the required data amount and

· a fast and smooth transition from CELL_FACH to CELL_DCH. 

[2, 3] proposed that AICH could be used to signal the resource index of E-DCH resources for the UE whereas [4] proposed to use HS-channels for this procedure. In this document, these two approaches are analysed. 
2
Resource assignment characteristics
It has been agreed that Node B would handle the E-DCH resource pool in Cell_FACH state. The resource table will be broadcasted by the Node B. The content for the broadcast information need include only base index for UL scrambling code space, base index for F-DPCH code(s), base index for E-HICH code(s) and E-AGCH code. Then UE can derive the dedicated resources based on this information and the resource index signalled by the Node B. In addition, common parameters that are same for each UE shall be broadcasted. These are for example initial grant and HS-DPCCH power offsets.
3
Simulations
3.1
Assumptions
Main assumptions:
· 1 to 4 HS-SCCH codes in HS-based RACH 

· HSDPA part consists of 3 repeated TTIs (6 ms) 

· HSDPA part is started within scheduling window ( 8 ms)

· 160 bytes (keep-alive-message) and 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 80 per cell 

· In one-to-many mapping 1 signature corresponds to 2 resources

· When 8 PRACH signatures, signature #1 corresponds to resources #1 and #2 also signature #5 corresponds to resources #1 and 2# ...

· In explicit mapping only one signature can be acknowledged in a random access slot

· In HS-based RACH PRACH signature is “released” when HS-part starts

· Data rate 16 kbps with RACH (PDU size 320 bits and 20 ms TTI length) and 32 kbps to 128 kbps depending on scheduling grants with E-DCH
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 macrocell environment which includes 7 Node B’s in three sector configuration totalling 21 cells, all under one RNC. Arrival process of UEs into to system is modelled 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 and Figure 2 illustrate the blocking probability experienced by the UE when data amount to send is 160 and 650 bytes, respectively. Main observations:
· Conventional RACH has huge blocking rate , Signature Combinations has the lowest blocking from AICH-based methods, one-to-many 2nd best and then one-to-one mapping

· HS-based random access with 1 HS-SCCH code quite a same blocking than one-to-one case

· Increasing number of codes doesn’t give any extra benefit after 2 codes for HS-SCCH
· With low data amount AICH based one-to-one mapping performs similarly with one HS-SCCH code whereas with big data amount one HS-SCCH code performs similarly to one-to-two mapping of AICH based method
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Figure 1: Blocking probability as a function of number of UEs in a cell when data amount is 160 bytes.
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Figure 2: Blocking probability as a function of number of UEs in a cell when data amount is 650 bytes.


Figure 3 and Figure 4 present the collision probability from the UE point of view. Main observations:
· Huge difference between RACH and the other methods; RACH is useless after the number of UEs in a cell exceeds 20
· Same kind of behavior than with blocking figures
· With 650 bytes data amount HS-based E-DCH access with 1 code has same performance as one-to-many mapping and with 160 bytes performance is same as in case of one-to-one mapping
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Figure 3: Collision probability as a function of number of UEs in a cell when data amount is 160 bytes.
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Figure 4: Collision probability as a function of number of UEs in a cell when data amount is 650 bytes.


Figure 5 and Figure 6 show the average data transmission time with low and big amount of data, respectively. Main observations: 
· Conventional RACH is very inefficient; high dropping rate of RACH UEs explain why the RACH curve starts go downwards after some certain load with big data amount 
· Service time remains nearly constant with other novel methods in case of 160 bytes data but with 650 bytes service time increases very dramatically after load exceeds 50-60 UEs in a cell
· HS-based E-DCH access is  30% slower than AICH-based  RACH  in “stable zone”  with small data amount and 10% slower with more data to send
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Figure 5: Average service time as a function of number of UEs in a cell when data amount is 160 bytes.
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Figure 6: Average serving time as a function of number of UEs in a cell when data amount is 650 bytes.


Figure 7 and Figure 8 depicts the E-DCH resource occupancy with low and big data amount, respectively. Main observations: 
· RACH utilizes clearly more resources than novel methods, especially with 160 bytes of data

· HS-based cases use more resources with small amount of data than AICH-based methods
· With big data amount AICH one-to-one and one-to-many mapping methods require utilize the same amount of resources as HS-based methods
· Signature combinations is the most resource saving method
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Figure 7: Resource usage as a function of number of UEs in a cell when data amount is 160 bytes.
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Figure 8: Resource usage as a function of number of UEs in a cell when data amount is 650 bytes.


Figure 9 and Figure 10 shows the dropping probability as a function of number of users in a cell where dropping of UEs follow the rules introduced in 3.1. Main observations: 
· RACH drops lot of calls, the reason is exceeding the limit for random access duration

· No successful random accesses at high load and data size 650 byte
· Dropping probability with 160 bytes of data with novel methods is about 0.5%, tops

· With 650 bytes of data dropping increases after 50 users substantially with novel methods
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Figure 9: Dropping probability as a function of number of UEs in a cell when data amount is 160 bytes.
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Figure 10: Dropping probability as a function of number of UEs in a cell when data amount is 650 bytes.


4
Conclusions

Simulation results show that the best performance within these simulations were achieved using AICH based signature combinations method. Then one-to-two mapping and HS-SCCH based method using 2-4 parallel codes are performing quite equally but HS based methods consume DL power and HSDPA resources. One-to-one and HS-SCCH method using only one code perform worst among fast E-DCH access methods. On the other hand, R’99 RACH performance is evidently dramatically worse than any fast E-DCH access method.
When considering the cost of HS-SCCH method for the DL power budget and HSDPA scheduling freedom and because it doesn’t provide any better performance than AICH based methods the preference is the latter option. Within AICH based methods, one-to-many mapping doesn’t provide as good performance as signature combinations but on the other hand it’s much simpler to implement and only one signature shall be detected by the UE, it’ proposed that one-to-n mapping would be selected to be the resource assignment rule and implemented using the AICH physical channel.
References

[1] RP-070677, 
Enhanced Uplink for CELL_FACH State in FDD, Nokia Siemens Networks, Nokia, Ericsson, Qualcomm, T-Mobile, Telecom Italia
[2] R1-074300, Enhanced CELL_FACH state with E-DCH, Nokia, Nokia Siemens Networks
[3] R1-075000, Enhanced Uplink for Cell_FACH State in FDD, Ericsson
Appendix A: Simulation parameters
	Parameter:
	Value:

	
	RACH
	E-DCH in CELL_FACH

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

	Cell radius
	933 metres

	UE speed
	3 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
	160/650 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

	Number of resources (RACH & E-DCH)
	8

	Resource assignment method
	One-to-one mapping
	One-to-one, one-to-many, signature combinations/HS-SCCH using 1-4 codes

	UL interference update period
	80 ms

	Data to control power ratio
	3.52 dB
	N/A

	Initial bitrate
	N/A
	32 kbps

	Max bitrate
	N/A
	128 kbps

	Collision solving time
	N/A
	40 ms

	TTI length
	20 ms
	10 ms

	HARQ processes
	N/A
	4

	Max number of HARQ transmissions
	N/A
	4

	Power control preambles before data transmission
	N/A
	0 slots

	Inner loop power control
	No
	Yes

	Inner loop power control step size
	N/A
	1 dB

	Outer loop power control
	N/A
	Yes, in Node B

	Outer loop power control step size
	N/A
	0.5 dB
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