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Discussion
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, alive messages of always-on services and 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] gives an overview for the concept of direct E-DCH access in Cell-FACH state. This document discusses and analyses the benefits of direct E-DCH access over R’99 RACH when the UE has more data than R’99 RACH can send in one TTI by introducing a couple of examples and demonstrating the benefits via system level simulations. Two use cases are considered here as an example for the gain mechanisms of the feature: typical HTTP requests and keep-alive inquiries. These examples demonstrate that the concrete advantages are gained through the direct E-DCH access in CELL_FACH: reduced user-experienced delays, power savings in UE and more efficient network resource administration. 
2
Use cases
2.1
HTTP request

A web page download is initiated by sending a HTTP request message to a certain internet server [3]. The length of the HTTP request is roughly 5000 bits. The transmission of such an amount of data would require over ten RACH transmissions and because this would be impractical, transition to CELL_DCH takes place. Regardless of whether the request is sent over RACH or DCH, the delay before the actual start of the web page download may easily be at least half a second. This leaves room for significant improvement for the user experience. 
The latency can be shortened by the direct E-DCH access from CELL_FACH state. This would increase uplink data rate in CELL_FACH and if e.g. 128 kbps is achieved, the HTTP request could be transmitted in about 50 ms or faster. The performance of the direct E-DCH access is demonstrated by simulations in the following section. The used transport block size is 5200 bits (650 bytes).
2.2
Connection state maintenance
Always-on applications, such as VoIP software, virtual private networks and push email, send so called keep-alive messages in order to maintain the state of the connection e.g. in NATs and firewalls between the endpoints. In addition different kind of control information is changed between peers. To find out a proper sample size of the messaging for the connection state maintenance PPP interface was scanned by an IP analyser when a VPN connection was active but no other user applications were running. The average size of the messages in uplink was 170 bytes and there were about 1200 messages sent in ~2000 seconds.

Benefits of the direct E-DCH access in CELL_FACH state are clear here. To transmits 170 bytes requires five (5) R’99 RACH transmissions in which case the RF transmitter has to be active >100 ms. But if E-DCH could be accessed from CELL_FACH then the required time is ~50 ms and the activity time of the transmitter would be halved.
The benefits for the networks resource administration can be seen here, too. Some occasional bigger data transfer (e.g. reading mail) over VPN can move UE to CELL_DCH but the release of the state can take unnecessarily long time because the too frequent maintenance messages prevent timers to expire. By applying E-DCH directly from CELL_FACH state also to data amounts of several thousands bytes the threshold of the transition to CELL_DCH would be higher and it would more unlikely that dedicated channels are allocated without actual need.
3
Simulations
3.1
Simulation environment

The purpose of the simulations is to compare RACH and E-DCH in CELL_FACH state when UE has to send either 650 or 160 bytes in uplink corresponding to HTTP request and connection state maintenance messages. 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. There are all the time 600 UEs in the system of which 8 % are either RACH or E-DCH in CELL_FACH UEs. Other 92 % of the UEs are having HSUPA data transmission with WEB Browsing traffic model. RACH or E-DCH 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.

3.2
HTTP request
The figure 1 represents a performance comparison of the cases in which 650 bytes is transmitted in uplink by accessing E-DCH and R´99 RACH from CELL_FACH state. On the base of the simulation results the direct E-DCH access simply excels in the transmission time: ~98% of the users can send the request in less than one second and even ~88% faster than in a half second. With R’99 RACH access only ~39% or the UEs reach transmission time shorter than one second and over 40% would need over two seconds to send HTTP request. 
Noise rise due to the transmission mechanisms are illustrated in the figure 2. The profile of the curves is almost identical and this fact underlines the superiority of the fast E-DCH access: much higher data rate is reached without penalty in caused noise rise in BTS receiver. 
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Figure 1: Time of UE in active uplink transmission mode in CELL_FACH state.
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Figure 2: System noise rise curve when CELL_FACH users use either RACH or Fast E-DCH.


3.3
Connection state maintenance
The figure 3 illustrates comparison of the cdf curves of the R´99 RACH and the direct E-DCH access in CELL_FACH when data amount of 160 bytes is transmitted in uplink. The benefits of the direct E-DCH access from CELL_FACH state are obvious from the figure: it is always significantly faster than R’99 RACH thus requiring the network resources to be allocated for the data delivery for a shorter period of time. In most cases the transmission time is shortened ~30-50% when compared to R’99 RACH. It can also be noted that HARQ functionality of E-DCH reduces the RLC retransmission probability compared to RACH of which effect can be seen from upper tails of both curves. In the E-DCH curve the lower tail shows that only with around 2 % probability first E-DCH TTIs can be detected and decoded correctly without need for HARQ retransmissions. This is due to inaccuracy of power control in the beginning of the E-DCH call. In summary, the shortened transmission times via fast E-DCH access will in turn result in the improved battery life-time.
Results from the simulations concerning generated noise in the base station are shown in the figure 4. In addition to the shortened RF activity times and the need for only one PRACH preamble/AICH per one uplink transmission procedure in CELL_FACH the now applicable inner-loop power control allows better signal-to-noise ratio than the traditional R’99 RACH procedure.
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Figure 3: Time of UE in active uplink transmission mode in CELL_FACH state.
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Figure 4: System noise rise curve when CELL_FACH users use either RACH or Fast E-DCH.


4
Conclusions

The performance of the direct E-DCH access from CELL_FACH state is studied and compared to R’99 RACH performance in the contribution with two data amounts. It is shown that clear advantages are gained by allowing access E-DCH directly from CELL_FACH state.  Internet page download times can be shortened even seconds. More and more common always-on kind applications need keep-alive procedures in order to keep connection functional. The frequent delivery of packets with the size of a couple of hundred bytes empties batteries all too efficiently. On the other hand, after the UE has moved to CELL_DCH after occasional transmission of bigger data bunch the keep-alive messaging can force it stay there by preventing timer expiration. In both cases the direct E-DCH access is helpful: shortened RF activity times decrease battery consumption and the transition to CELL_DCH is needed only for really long-standing traffic. More sparse transitions CELL_DCH are easing the network resource administration. 
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Appendix A: Simulation assumptions and 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]

	Number of UEs
	600

	Background traffic
	HSUPA Web Browsing (92 % of UEs)

	RACH/E-DCH UEs
	8 % 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 PRACH signature to one resource mapping)

	UL interference update period
	80 ms

	Initial gain factor
	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

	Outer loop power control step size
	N/A
	0.5 dB



