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1
Introduction
The work item on enhanced uplink for CELL_FACH state was recently opened [1] with the objective of improving random access performance in W-CDMA. In [2], a detailed link analysis was performed to study the performance of enhanced uplink in the absence of macro-diversity and outer-loop power control and no attention was paid to coverage performance. 

In this contribution, we perform a link budget analysis to establish the following:

· Coverage comparison between 2ms TTI and 10ms TTI
· Maximum transport block sizes (TBS) for both 2ms TTI and 10ms TTI (and hence data rates) for the cell edge UE so that the coverage matches that of Release 99 RACH.

· This determines the improvement in cell edge user throughput due to enhanced uplink in CELL_FACH state over Release 99 RACH.

This is not to suggest that the sizes determined in this study represent an upper limit on the transport block sizes for all the users in the system. In fact, with the knowledge of scheduling information (SI), the Node B scheduler can schedule the users closer to the cell, with higher data rates. However, due to lack of macro diversity, with regard to interference management at neighboring cells, there may still be an upper limit [FFS] imposed on these users in the entire system.

2
Simulation Assumptions
Table 1 lists the simulation assumptions used in the Link Budget Analysis. Since the simulation is intended to determine the link budget (Maximum Allowed Path Loss), we turn off power control and for each target data rate we determine the required Ec/No. The PA3 channel was chosen, since it is known to be the most challenging scenario in the absence of power control and macro diversity.
Table 1: Simulation Assumptions for Link Budget Analysis

	Parameter
	Value

	TTI
	2ms or 10ms

	Number of H-ARQ Processes
	8 or 4

	Target Number of H-ARQ Transmissions
	4 or 2

	E-TFC Block Size [bits]
	128, 256, 275,512,7681024

	Target Data Rate
	6.4kbps~128kbps

	Number of Rx Antennas
	2

	Ec/Nt [dB]
	-25~-10 dB

	T/P
	E-PDDCH 8dB
E-DPCCH 0dB

	Channel Estimation
	Realistic

	Channel Model
	PA3

	Receiver Type
	Rake Receiver

	PC
	OFF

	Macro Diversity
	OFF

	TTL
	On

	FTL
	On


3
Simulation Results

Figures 1 and 2 illustrate the E-DPDCH BLER v/s Ec/Nt (combined across 2 Rx antennas) for the different transport block sizes for 2ms TTI and 10ms TTI respectively in the PA3 channel with power control turned off. This corresponds to the worst case for the purpose of coverage or link budget analysis. 
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Figure 1: BLER v/s Ec/Nt (Combined Across 2 Rx Antennas). 2ms TTI, PA3, PC OFF
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Figure 2: BLER v/s Ec/Nt (Combined Across 2 Rx Antennas). 10ms TTI, PA3, PC OFF
4
Link Budget Analysis
Based on the BLER curve determined in Chapter 3, we can now perform a link budget analysis for the different transport block sizes and 2ms TTI.
Table 2 (2ms TTI)  and Table 3 (10ms TTI) computes the Maximum Allowed Path Loss (MAPL) for each combination of transport block size TTI for 90% coverage area. For comparison, we also list the reference Release 99 RACH cases (20ms TTI). The objective is to determine an appropriate transport block size for each of the 2ms and 10ms TTIs, such that the MAPL matches the Release 99 RACH (8.4 kbps) case. The link budget is computed for a target BLER is 1%.
From Table 2, we observe the following:

· The MAPL =132.18 dB corresponding to the combination of TBS = 275 bits, TTI =2ms, matches the 8.4 kbps Release 99 MAPL =132.30 dB.

· This corresponds to a target data rate of 34.375 kbps and an effective (due to early H-ARQ terminations) data rate of 89.8 kbps.

· The MAPL =132.37 dB corresponding to the combination of TBS = 768 bits, TTI =10ms (target data rate = 38.4 kbps) matches the 8.4 kbps Release 99 RACH MAPL =132.30 dB.

· This corresponds to a target data rate of 38.4 kbps and an effective (due to early H-ARQ terminations) data rate of 66.4 kbps

Table 2: Link Budget Analysis for Enhanced Uplink in CELL_FACH state- 2ms TTI
[image: image3.emf]Target BLER = 1%

UpLink Budget R99 PRACH R99 PRACH EUL_CELL_FACH

Carrier Frequency [MHz] 1900 1900 1900 1900 1900 1900 1900

TTI [ms] 20 20 2 2 2 2 2

Transport Block Size [bits] 168 360 128 256 275 384 512

RX Ant 2 2 2 2 2 2 2

Target Number of H-ARQ Transmissions N/A N/A 4 4 4 4 4

Target Data Rate [kbps] 8.4 18 16 32 34.375 48 64

Effective Data Rate [kbps]

8.4 18.0 43.4 82.3 89.8 122.5 159.1

RF Symbol Rate [Msps]

3.84 3.84 3.84 3.84 3.84 3.84 3.84

Max MS Tx [Watts]

0.125 0.125 0.125 0.125 0.125 0.125 0.125

Max MS Tx [dBm]

21.0 21.0 21.0 21.0 21.0 21.0 21.0

MS Antenna Gain [dBi]

0.0 0.0 0.0 0.0 0.0 0.0 0.0

Body Loss [dB]

3.0 3.0 3.0 3.0 3.0 3.0 3.0

EIRP [Watts]

0.06 0.06 0.06 0.06 0.06 0.06 0.06

EIRP [dBm]

18.0 18.0 18.0 18.0 18.0 18.0 18.0

BTS Antenna Gain [dBi]

18.0 18.0 18.0 18.0 18.0 18.0 18.0

BTS Rx Cable Loss [dB]

3.0 3.0 3.0 3.0 3.0 3.0 3.0

BTS Noise Figure [dB]

5.0 5.0 5.0 5.0 5.0 5.0 5.0

BTS Rx Noise Power [dBm/Hz]

-169.0 -169.0 -169.0 -169.0 -169.0 -169.0 -169.0

Interference Margin [dB]

5.2 5.2 5.2 5.2 5.2 5.2 5.2

BTS Rx Interference Power [dBm/Hz]

-165.3 -165.3 -165.3 -165.3 -165.3 -165.3 -165.3

Rx Noise+Interference Power [dBm/Hz]

-163.8 -163.8 -163.8 -163.8 -163.8 -163.8 -163.8

Eb/No per antenna [dB]

13.80 12.80 4.52 3.59 3.63 3.30 3.14

Ec/No per antenna [dB]

-11.98 -10.09 -9.66 -8.65 -7.67

BTS Rx Sensitivity [dBm]

-110.7 -108.4 -112.9 -111.0 -110.6 -109.6 -108.6

Cell Edge Confidence [%]

90% 90% 90% 90% 90% 90% 90%

Log Normal Fading Margin [dB]

8.9 8.9 8.9 8.9 8.9 8.9 8.9

Shadowing Margin with Hard Handoff [dB]

11.4 11.4 11.4 11.4 11.4 11.4 11.4

Handoff/Diversity Gains [dB]

0.0 0.0 0.0 0.0 0.0 0.0 0.0

Effective Shadowing Margin [dB]

11.4 11.4 11.4 11.4 11.4 11.4 11.4

General MAPL [dB]

132.30 129.99 134.45 132.60 132.18 131.16 130.19


Table 3: Link Budget Analysis for Enhanced Uplink in CELL_FACH state, 10ms TTI
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UpLink Budget R99 PRACH R99 PRACH EUL_CELL_FACH

Carrier Frequency [MHz] 1900 1900 1900 1900 1900 1900 1900

TTI [ms] 20 20 10 10 10 10 10

Transport Block Size [bits] 168 360 128 256 512 768 1024

RX Ant 2 2 2 2 2 2 2

Target Number of H-ARQ Transmissions N/A N/A 2 2 2 2 2

Target Data Rate [kbps] 8.4 18 6.4 12.8 25.6 38.4 51.2

Effective Data Rate [kbps]

8.4 18.0 11.4 22.5 44.4 66.4 88.0

RF Symbol Rate [Msps]

3.84 3.84 3.84 3.84 3.84 3.84 3.84

Max MS Tx [Watts]

0.125 0.125 0.125 0.125 0.125 0.125 0.125

Max MS Tx [dBm]

21.0 21.0 21.0 21.0 21.0 21.0 21.0

MS Antenna Gain [dBi]

0.0 0.0 0.0 0.0 0.0 0.0 0.0

Body Loss [dB]

3.0 3.0 3.0 3.0 3.0 3.0 3.0

EIRP [Watts]

0.06 0.06 0.06 0.06 0.06 0.06 0.06

EIRP [dBm]

18.0 18.0 18.0 18.0 18.0 18.0 18.0

BTS Antenna Gain [dBi]

18.0 18.0 18.0 18.0 18.0 18.0 18.0

BTS Rx Cable Loss [dB]

3.0 3.0 3.0 3.0 3.0 3.0 3.0

BTS Noise Figure [dB]

5.0 5.0 5.0 5.0 5.0 5.0 5.0

BTS Rx Noise Power [dBm/Hz]

-169.0 -169.0 -169.0 -169.0 -169.0 -169.0 -169.0

Interference Margin [dB]

5.2 5.2 5.2 5.2 5.2 5.2 5.2

BTS Rx Interference Power [dBm/Hz]

-165.3 -165.3 -165.3 -165.3 -165.3 -165.3 -165.3

Rx Noise+Interference Power [dBm/Hz]

-163.8 -163.8 -163.8 -163.8 -163.8 -163.8 -163.8

Eb/No per antenna [dB]

13.80 12.80 7.88 6.53 5.37 4.75 4.53

Ec/No per antenna [dB]

-14.39 -12.78 -10.99 -9.86 -8.85

BTS Rx Sensitivity [dBm]

-110.7 -108.4 -115.3 -113.7 -111.9 -110.8 -109.8

Cell Edge Confidence [%]

90% 90% 90% 90% 90% 90% 90%

Log Normal Fading Margin [dB]

8.9 8.9 8.9 8.9 8.9 8.9 8.9

Shadowing Margin with Hard Handoff [dB]

11.4 11.4 11.4 11.4 11.4 11.4 11.4

Handoff/Diversity Gains [dB]

0.0 0.0 0.0 0.0 0.0 0.0 0.0

Effective Shadowing Margin [dB]

11.4 11.4 11.4 11.4 11.4 11.4 11.4

General MAPL [dB]

132.30 129.99 136.91 135.29 133.50 132.37 131.37


5 
Conclusions
 Based on the link budget analysis performed for the enhanced uplink in CELL_FACH, we conclude the following:
· For approximately the same target data rates, both 2ms TTI and 10ms TTI achieve the same maximum allowed path loss as that achieved by the Release 99 RACH uplink.
· The 2ms TTI achieves a higher effective data rate.

· For the same MAPL corresponding to 8.4kbps Release 99 RACH, the following cell edge user throughputs can be achieved on the enhanced uplink in CELL_FACH state. 
· For the 2ms TTI
· Transport Block Size = 275 bits

· Target H-ARQ transmissions = 4
· Target Data Throughput = 34.375 kbps

· Effective Data Throughput = 89.8 kbps

· For the 10ms TTI, this is achieved by using

· Transport Block Size = 768 bits

· Target H-ARQ transmissions = 4
· Target Data Throughput = 38.4 kbps

· Effective Data Throughput = 66.4 kbps 

The study demonstrates a significant improvement in cell edge throughput for both 2ms TTI and 10ms TTI over Release 99 RACH due to enhanced uplink in CELL_FACH state.

From the analysis shown in this contribution we propose:

· Adding 2ms TTI for enhanced uplink for CELL_FACH in addition to the already agreed 10ms

· This decision will enable the seamless (without the need of reconfiguration) transition to regular E-DCH transmission on CELL_DCH with either of the TTIs when UEs transition from the enhanced CELL_FACH state to the CELL_DCH state. 

Note that the study performed here is not intended to establish an upper limit on the transport block size to be used on the enhanced uplink in CELL_FACH, since this study was targeted towards cell edge user performance. In fact, with the knowledge of scheduling information (SI), the Node B scheduler can schedule the users closer to the cell, with higher data rates. However, due to lack of macro diversity, with regard to interference management at neighboring cells, there may still be an upper limit [FFS] imposed on these users in the entire system.
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