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1
Introduction
The work item on enhanced uplink for CELL_FACH state (also referred to as E-RACH in this document) was recently opened [1] with the objective of improving random access performance in W-CDMA. 

In this contribution, we perform a detailed link analysis on the enhanced uplink performance in the CELL_FACH state. The study is performed for target rates of 128kbps and 256 kbps in different channels (AWGN, PA3, PB3, VA30, and VA120) using 2ms TTI.
2
Simulation Assumptions
The simulation is performed to study the throughput performance as a function of target SIR thresholds and beta gain settings (also referred to as T/P) on the enhanced channels. During CELL_FACH state, the enhanced channel is expected to be reserved for a UE for a brief period of time. Hence there is no outer loop power control enabled. Instead, a fixed SIR threshold is used during the entire PRACH burst for the purpose of inner loop power control.
In this study, we perform two types of sensitivity analysis on the enhanced uplink in CELL_FACH state. 

In the first analysis, we vary the SIR targets as per the settings in Table 1.  For each SIR target, we vary the T/P (beta gain setting on the enhanced channel), and assume that the initial received SIR is equal to the SIR target.

In the second analysis, we fix a suitable SIR target and then vary the initial received SIR as per the settings in Table 2. 
In both cases, throughput is measured as a function of T/P.

Table 1: E-RACH Link Simulation Assumptions

	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	E-TFC Block Size [bits]
	1024, 2048

	Target Data Rates [kbps]
	128, 256

	Peak Data Rates [kbps]
	512, 1024

	Number of Rx Antennas
	2

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Inner Loop Power Control
	ON

	Inner Loop Power Control Step Size [dB]
	1

	Target Rx SIR (across 2 antennas)[dB]
	-14.34 to -25.36

	Initial Rx SIR (across 2 antennas) [dB]
	Same as Target Rx SIR Threshold

	T/P [dB]
	0 to 20 dB

	Channel Estimation
	Realistic

	Channel Model
	PA3, PB3, VA30, VA120

	Receiver Type
	Rake Receiver

	Initial Frequency Offset [Hz]
	300

	Initial Timing Offset
	Uniformly selected between –Tc/4 and +Tc/4

	PRACH Channel Duration 
	Simulation is reset every time a packet decodes


Table 2: E-RACH Link Simulation Assumptions

	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of  H-ARQ Transmissions
	4

	E-TFC Block Size [bits]
	1024, 2048

	Target Data Rates [kbps]
	128, 256

	Peak Data Rates [kbps]
	512, 1024

	Number of Rx Antennas
	2

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Inner Loop Power Control
	ON

	Inner Loop Power Control Step Size [dB]
	1

	Target Rx SIR (across 2 antennas)  [dB]
	-18

	Initial Rx SIR (across 2 antennas) [dB]
	-18-[0..6]

	T/P [dB]
	0 to 20

	Channel Estimation
	Realistic

	Channel Model
	PA3, PB3, VA30, VA120

	Receiver Type
	Rake Receiver

	Initial Frequency Offset [Hz]
	300

	Initial Timing Offset
	Uniformly selected between –Tc/4 and +Tc/4


3 Sensitivity to different SIR targets
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Figure 1: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, AWGN


Figure 2: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, PA3
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Figure 3: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, PB3


Figure 4: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, VA30
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Figure 5: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, VA120


Figure 6: TBS = 2048 bits, 2ms TTI, Target Rate = 256 kbps, AWGN
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Figure 7: TBS = 2048 bits, 2ms TTI, Target Rate = 256 kbps, PA3



Figure 8: TBS = 2048 bits, 2ms TTI, Target Rate = 256 kbps, PB3
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Figure 9: TBS = 2048 bits, 2ms TTI, Target Rate = 256 kbps, VA30


Figure 10: TBS = 2048 bits, 2ms TTI, Target Rate = 256 kbps, VA120
4 Sensitivity to different Initial Transmit Powers
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Figure 11: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, AWGN


Figure 12: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, PA3
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Figure 13: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, PB3



Figure 14: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, VA30
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Figure 15: TBS = 1024 bits, 2ms TTI, Target Rate = 128 kbps, VA120


Figure 16: TBS = 2048 bits, 2ms TTI, Target Rate = 256 kbps, AWGN
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Figure 17: TBS = 2048 bits, 2ms TTI, Target Rate = 256 kbps, PA3


 
Figure 18: TBS = 2048 bits, 2ms TTI, Target Rate = 256 kbps, PB3
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Figure 19: TBS = 2048 bits, 2ms TTI, Target Rate = 128 kbps, VA30


Figure 20: TBS = 2048 bits, 2ms TTI, Target Rate = 256 kbps, VA120

6 DPCCH TPC BER 
We have also performed a link analysis on the DPCCH TPC BER as a function of target Ecp/Nt. The results are illustrated in Figure 21.

[image: image21.emf]-30 -28 -26 -24 -22 -20 -18 -16 -14 -12

10

-4

10

-3

10

-2

10

-1

10

0

EcpNt (dB)

TPC Error Rate

TPC Error Rate

 

 

AWGN

PA3

PB3

VA30

VA120


Figure 21: DPCCH TPC BER v/s Target Ecp/Nt
6 Observations and Conclusions
Based on the link study performed in this contribution for the 2ms TTI case, we can draw the following observations and conclusions:
· In the presence of significantly large frequency offset and timing error, meaningful throughput (100kbps – 500 kbps) can be achieved using an enhanced uplink in the CELL_FACH state, for various EcpNt and T/P.
· As the EcpNt or T/P increases, the data throughput also increases. However, the slope gradually decreases. Peak data rates of 512kbps or 1024 kbps corresponding to TBS = 1024 bits or 2048 bits respectively is hard to achieve with reasonable EcpNt and T/P.

· In the absence of outer loop power control, the throughput is determined by Ec,ed/Nt (Ecp/Nt* β2ed/ β2c ). In other words, in the range of EcpNt tested, performance is insensitive to the pilot SIR target.
· TBS=2048 has similar throughput as TBS=1024 for the tested EcpNt and T/P, which suggests that, potentially, larger transport block size can't bring higher throughput in the operation range considered. Given the requirements of the WI [1], the maximum transport block size of TBS = 1024 maybe adequate enough.
· For the case when the initial received SIR is less than the SIR target by a certain power offset, in the high throughput region (throughputs in excess of 300 kbps), we observe a linear relationship between throughput loss and the received power offset, whereas the sensitivity is negligible in the low throughput region. In order to compensate for the loss in high throughput region, it maybe useful to introduce power control preambles or provide for adequate target EcpNt margin.
· The DPCCH TPC BER is dependent on the target Ecp/Nt for different channel types (Figure 21). To achieve a 4% PC BER, the required SIR target (combined across 2 antennas) varies from -22 dB to -18 dB across AWGN, PA3, PB3, VA30, VA120.
· The study performed so far does not account for the impact of lack of macro diversity on the PRACH channel. Allowing for high rates, by using the enhanced channel on the uplink, could affect both coverage (UE is power headroom limited), as well as affect Noise Rise on neighboring cells, due to the fact that UEs do not listen to the E-RGCH or TPC commands from these cells (In CELL_DCH, these UEs could potentially be in soft handoff with these cells). These factors will affect the final decision on the maximum data rate that can be supported on the enhanced uplink in the CELL_FACH state.
· A separate study should be performed for the 10ms TTI case.
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