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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. Enhanced uplink improves upon the performance of existing RACH channel [2][3]. However due to coverage concerns, from a link budget point of view, the maximum data rate achievable on the enhanced uplink in CELL_FACH state will be limited compared to data rates achievable in CELL_DCH state. Based on the analysis performed in [4], for a target of 4 H-ARQ transmissions, we expect for the cell edge user, the maximum transport block sizes to equal 275 bits for 2ms TTI and 768 bits for 10ms TTI.  This corresponds to maximum target data rates of 34.375 kbps and 38.4 kbps respectively.

The current E-DPCCH channel allows for transmitting 1 out of 128 different payloads (E-TFCI). Given that the maximum transport block size is much lower than the maximum possible (largest E-TFCI), the overhead carried on the existing E-DPCCH is not justified. Furthermore, it is not expected to transmit that many payloads on the RACH channel i.e. from a system point of view, it is not necessary to allow for a high degree of quantization of payload sizes in the low range of transport block sizes.

In this contribution, we propose E-DPCCH coding scheme in the context of enhanced uplink in CELL_FACH state. The number of E-TFCI bits is varied from 2 bits to 5 bits. By inserting or padding zeros to the E-TFCI bits, the current 3GPP 2nd order Reed Muller (30,10) encoder can be used for less number of E-TFCI bits. We perform a link analysis as well as investigate the improvement in achievable data rate at the cell edge (coverage limited UE) for the same maximum allowed path loss (MAPL) corresponding to existing Release 99 RACH. The improvement is compared against what can be achieved by E-DPDCH in conjunction with existing 7 E-TFCI bits.
2
Summary of Improved E-DPCCH Coding Scheme

The improved E-DPCCH encoding scheme proposed here makes use of a reduced set of transport block sizes i.e. instead of using 128 possible transport block sizes on E-DCH, we limit the set to {4, 8, 16, 32} possible transport block sizes. This results in a reduction of E-TFCI bits from 7 bits to K={2, 3, 4, 5} bits. The 2 RSN bits and 1 Happy Bit are still transmitted as before. 

In [8], we proposed to pad zeros at the end of E-TFCI bits if there are less than 7 E-TFCI bits, which equivalently to deleting the corresponding basis sequences of the 2nd order Reed Muller (30, 10) encoder as shown in Table 1.

Table 0‑1: Information field mapping of E-DPCCH encoding used in R1-074942
	E-TFCI bits 
	x1
	x2
	x3
	x4
	x5
	x6
	x7
	x8
	x9
	x10

	K=2
	xh,1
	xrsn,2
	xrsn,1
	xtfci,2
	xtfci,1
	0
	0
	0
	0
	0

	K=3
	xh,1
	xrsn,2
	xrsn,1
	xtfci,3
	xtfci,3
	xtfci,3
	0
	0
	0
	0

	K=4
	xh,1
	xrsn,2
	xrsn,1
	xtfci,4
	xtfci,3
	xtfci,2
	xtfci,1
	0
	0
	0

	K=5
	xh,1
	xrsn,2
	xrsn,1
	xtfci,5
	xtfci,4
	xtfci,3
	xtfci,2
	xtfci,1
	0
	0


In [8], we showed performance improvements of this coding scheme in terms of lower C/P ratios on the E-DPCCH. In this contribution, we further study the coding scheme for reduced E-TFCI bits by searching the optimal subset over all the basis sequences. In order to encode the reduced E-TFCI bits with the original 3GPP E-DPCCH encoder, instead of only padding zeros at the end of E-TFCI bits, we insert zeros in between E-TFCI bits as well. The proposed encoding scheme is illustrated in Figure 1, which is fully compatible with existing 3GPP E-DPCCH encoders, a 2nd order Reed-Muller (30, 10) Encoder. The following constraints on the encoder are proposed: 

· Zeros are inserted or padded to the information bits so that the total length of the information bits is still 10. The proposed information field mapping is specified in Table 2. 
· In case of 2 or 3 E-TCI bits, the optimal encoding scheme turns out to be padding zeros at the end of the E-DPCCH Information field as in Table 1.
· The basis sequences for encoding are the same as the one used in the current 2nd order Reed Muller (30, 10) encoder [1]. This means that existing E-DPCCH encoder designs (on the UE) and E-DPCCH decoder designs (on the Node-B) can be utilized to realize the proposed encoding scheme. 

· The number of the code bits in the new scheme is the same i.e. 30 code bits. This ensures that we use identical spreading and modulation technique that exists today (same spreading factor and spreading code) to further process the 30 code bits to chips.

· The decoder implementation is much less complex owing to less number of hypotheses (4, 8, 16, or 32 instead of 1024).
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Figure 1 Improved E-DPCCH Encoding

Table 2: Proposed information field mapping of E-DPCCH encoding
	E-TFCI bits 
	x1
	x2
	x3
	x4
	x5
	x6
	x7
	x8
	x9
	x10

	K=2
	xh,1
	xrsn,2
	xrsn,1
	xtfci,2
	xtfci,1
	0
	0
	0
	0
	0

	K=3
	xh,1
	xrsn,2
	xrsn,1
	xtfci,3
	xtfci,3
	xtfci,3
	0
	0
	0
	0

	K=4
	xh,1
	xrsn,2
	xrsn,1
	xtfci,4
	0
	0
	0
	xtfci,3
	xtfci,2
	xtfci,1

	K=5
	xh,1
	xrsn,2
	xrsn,1
	xtfci,5
	0
	xtfci,4
	xtfci,3
	xtfci,2
	xtfci,1
	0


3
Simulation Assumptions
Table 3 lists the simulation assumptions for the simulations carried out in this study. In particular, the performance of  the candidate E-DPCCH encoder schemes as well as the existing 3GPP E-DPCCH encoder is studied in a PA3 channel with power control turned off. This corresponds to worst case scenario for a cell edge UE and is typically used for the purpose of link budget evaluation.
Table 3: Simulation Assumptions for Reduced Overhead E-DPCCH Encoders

	Parameter
	Value

	TTI
	2ms, 10ms

	Number of H-ARQ Processes
	8, 4

	Target Number of H-ARQ Transmissions
	4, 2

	E-DPCCH Encoding
	(30,10), (30,8), (30,7), (30,6)

	Number of Rx Antennas
	2

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Inner Loop Power Control
	OFF

	Average Rx SIR (across 2 antennas)[dB]
	[-30:-20]

	T/P [dB]
	8

	C/P[dB]
	[-8,-7,…,7,8]

	Channel Estimation
	Realistic

	Channel Model
	PA3

	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


4 
Simulation Results

In the following, for each of the E-PDCCH encoder schemes, we plot the following:

· Probability [ E-DPCCH block is in error/ E-DPDCH decoded correctly] v/s the Control to Pilot Ratio (10*log10(βec2/ βc2) on the E-DPCCH channel. 
· The plots are presented for different received total Ec/Nt (combined across two antennas).

The results are globally post processed across all RSN (0, 1, 2, 3).
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Figure 2: E-DPCCH Conditional BLER, TTI = 2ms, PA3, Target Ecp/Nt = -20dB
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Figure 3: E-DPCCH Conditional BLER, TTI = 2ms, PA3, Target Ecp/Nt = -24dB
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Figure 4: E-DPCCH Conditional BLER, TTI = 10ms, PA3, Target Ecp/Nt = -25dB
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Figure 5: E-DPCCH Conditional BLER, TTI = 10ms, PA3, Target Ecp/Nt = -29dB
Table 4 and 5 summarize the results and show the gains of the different coding schemes: 
Table 4: E-DPCCH Reduced E-TFCI Performance Gain over 7 E-TFCI bits, 2ms TTI, Conditional BLER = 0.01
	Target Ecp/Nt [dB]
	Gain of 5 E-TFCI [dB]
	Gain of 4 E-TFCI [dB]
	Gain of 3 E-TFCI [dB]
	Gain of 2 E-TFCI

[dB]

	-20
	1.5
	2.2
	3.1
	3.8

	-24
	1.0
	1.8
	2.7
	3.5


Table 5: E-DPCCH Reduced E-TFCI Performance Gain over 7 ETFCI bits, 10ms TTI, Conditional BLER = 0.01
	Target Ecp/Nt [dB]
	Gain of 5 E-TFCI [dB]
	Gain of 4 E-TFCI [dB]
	Gain of 3 E-TFCI [dB]
	Gain of 2 E-TFCI [dB]

	-25
	1.1
	2.0
	3.1
	3.6

	-29
	0.4
	1.0
	2.3
	3.2


5 
Link Budget Analysis
In Table 4, we perform a link budget analysis highlighting the benefit of reduction in E-DPCCH/DPCCH power ratio for a cell-edge user. In particular, the performance of two transport block sizes (275 and 307 bits) for the 2ms TTI case are studied to demonstrate this sensitivity to reduction in E-DPCCH overhead.

From the Table, we observe the following:

· The MAPL (132.18 dB) achieved by TBS = 275 bits, TTI=2ms, E-DPCCH/DPCCH = 0dB matches the MAPL (132.30 dB) achieved by the 8.4 kbps Release 99 RACH (168 bits, 20ms TTI) 

· This leads to a target data rate of 34.375 kbps and effective data rate of 89.8 kbps

· The MAPL (131.88 dB) achieved by TBS = 307 bits, TTI=2ms, E-DPCCH/DPCCH = 0dB does not meet the MAPL (132.30 dB) achieved by the 8.4 kbps Release 99 RACH (168 bits, 20ms TTI) 

· This leads to a target data rate of 38.375 kbps and effective data rate of 100.7 kbps

· However, if were to reduce the E-DPCCH/DPCCH power ratio to -3dB, then the The MAPL (132.31 dB) achieved by TBS = 307 bits, TTI=2ms, E-DPCCH/DPCCH = 0dB matches the MAPL (132.30 dB) achieved by the 8.4 kbps Release 99 RACH (168 bits, 20ms TTI)

· This leads to a target data rate of 38.375 kbps and effective data rate of 99.1kbps

· When compared to the TBS=275 bit, E-DPCCH/DPCCH = 0dB case, this represents a gain in per user throughput as follows:

· 11.6 % in target data throughput (34.375 kbps to 38.375 kbps)

· 10.35% in effective data throughput (89.8 kbps to 99.1 kbps)

· Furthermore, for the same TBS = 307 bits, a 3dB reduction in E-DPCCH/DPCCH power ratio, achieves 0.43 dB improvement in link budget.
Table 6: Link Budget Sensitivity to E-DPCCH Power Setting

[image: image6.emf]Target BLER = 1%

UpLink Budget R99 PRACH R99 PRACH EUL_CELL_FACH

Carrier Frequency [MHz] 1900 1900

TTI [ms] 20 20 2 2 2

Transport Block Size [bits] 168 360 275 307 307

RX Ant 2 2 2 2 2

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

E-DPCCH/DPCCH Power Ratio [dB]

0 0 -3

Target Data Rate [kbps] 8.4 18 34.375 38.375 38.375

Effective Data Rate [kbps]

8.4 18.0 89.8 100.7 99.1

RF Symbol Rate [Msps]

3.84 3.84 3.84 3.84 3.84

Max MS Tx [Watts]

0.125 0.125 0.125 0.125 0.125

Max MS Tx [dBm]

21.0 21.0 21.0 21.0 21.0

MS Antenna Gain [dBi]

0.0 0.0 0.0 0.0 0.0

Body Loss [dB]

3.0 3.0 3.0 3.0 3.0

EIRP [Watts]

0.06 0.06 0.06 0.06 0.06

EIRP [dBm]

18.0 18.0 18.0 18.0 18.0

BTS Antenna Gain [dBi]

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

BTS Noise Figure [dB]

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

Interference Margin [dB]

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

Rx Noise+Interference Power [dBm/Hz]

-163.8 -163.8 -163.8 -163.8 -163.8

Eb/No per antenna [dB]

13.80 12.80 3.63 3.43 3.07

Ec/No per antenna [dB]

-9.66 -9.38 -9.78

BTS Rx Sensitivity [dBm]

-110.7 -108.4 -110.6 -110.3 -110.7

Cell Edge Confidence [%]

90% 90% 90% 90% 90%

Log Normal Fading Margin [dB]

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

Handoff/Diversity Gains [dB]

0.0 0.0 0.0 0.0 0.0

Effective Shadowing Margin [dB]

11.4 11.4 11.4 11.4 11.4

General MAPL [dB]

132.30 129.99 132.18 131.88 132.31


6
Conclusions

A detailed link study was performed to evaluate the gain in performance due to a reduced E-TFCI table when transmitting E-DCH in CELL_FACH on the uplink. The study is a continuation of the work performed in [8]. In particular, we investigated improving the minimum distance of the code words in the reduced set (4, 8, 16, 32) by removing the constraint that the zeros need to be padded at the end of the E-DPCCH information field. The reduction in E-PDCCH/DPCCH power ratio that were observed due to removal of this constraint are similar to the gains reported in [8] for the zero-padded E-DPCCH information field. Both of the 2 reduced E-TFCI schemes lead to cell edge performance improvement in terms of increasing the maximum transport block size on E-DPDCH by ~11%. In [9], a padding analysis was performed on the E-DPDCH, for both fixed and flexible RLC, due to a 4-bit E-TFCI and in spite of a padding loss of 4% to 5% when compared to a 7-bit E-TFCI, there is net gain of roughly 6% in E-DPDCH throughput at cell-edge. Depending on the RAN-2 outcome on which mode of RLC (fixed RLC, or flexible RLC with maximum RLC SDU size = 320 bits) is adopted in CELL-FACH state, we propose the following:

· 16 Reduced E-TFCI (E-DPCCH) code words for Enhanced Uplink in CELL_FACH state
· The E-DPCCH encoding scheme, based on padding 3 zeros at the end of the E-DPCCH Information field
7
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