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1
Introduction
In RAN1 #38, there were discussions on the number of additional code channels in uplink due to E-DCH. The introduction of two physical channels, E-DPDCH and E-DPCCH, has been agreed upon.
It is well known in literature that as the data rate increases, for the same total Rx SNR across data and pilot, link performance with coherent demodulation can be optimized by trading the data and pilot SNR. During the SI phase, a few contributions addressed this issue and techniques for enhanced channel estimation for E-DCH were discussed. 
In this document, we analyze the performance of E-DCH with a separate phase reference signal, denoted as E-PICH, transmitted in conjunction with the DPCCH.
2
Simulations
The simulation assumptions are outlined in Table 1.
	Parameter
	Value

	TTI
	2 ms

	Instantaneous Data Rate
	{4096, 2560} kbps

	Number of Transmissions
	4

	Xrv Sequences
	{0,1,2,5}

	Number of HARQ Processes
	5

	RV Inter-TTI
	5

	Instantaneous code rate
	{0.71, 0.44}

	DPCCH Slot Format
	0

	Number of bits in E-PICH 
	10

	OVSF Code Usage for E-PICH
	SF256

	E-TFICH
	Error Free

	Channel Estimation
	Enabled
Based on DPCCH or E-PICH

	Inner Loop PC
	Enabled

	PC feedback delay
	1-slot

	PC BER
	4%

	Outer Loop PC
	Disabled
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	Modulation
	6xBPSK

	Number of Fingers per Antenna
	5-PB3

	Number of Rx Antennas
	2


Table 1
Simulation Assumptions
Figures 1 to 4 show the link performance as a function of total Rx Ec/Nt.
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Figure 1

Residual BLER after 4 Tx – 4096 kbps
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Figure 2

Link Throughput – 4096 kbps
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Figure 3

Residual BLER after 4 Tx – 2560 kbps
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Figure 4

Link Throughput – 2560 kbps
3
Analysis
The E-PICH overhead in Rx Ec/Nt can be written as:
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As the E-DPDCH power offset increases, the overhead of E-PICH reduces. This overhead is taken into account in Figures 1 and 2.
For the purposes of comparison, a nominal DPCCH operating point of -21 dB Ec/Nt is assumed.

	Data Rate (kbps)
	E-PICH Overhead
	Link Efficiency Improvement
	Link Throughput Improvement

	4096 kbps
	0.17 dB
	0.6 dB
	23%

	2560 kbps
	0.33 dB
	0.4 dB
	15%


Table 2
Comparison at DPCCH SNR = -21 dB
It is seen that:

1. E-PICH overhead decreases as data rate increases

2. In spite of the E-PICH overhead increase, the link efficiency and throughput increases as data rate increases
4
Conclusions

Based on the analysis in this document, it is seen that the introduction of E-PICH improves link performance. The link efficiency improvement is a function of (1) Data Rate (2) DPCCH operating SNR region.
The introduction of an additional code channel in uplink increases the 99.9% operating point for PAR. The additional PA backoff due to E-PICH needs to be studied further. 
If the E-PICH is allowed only for high data rates, the additional PA backoff need not be a significant issue. In view of this, we recommend that RAN1 study the issue further prior to making a final decision on the number of new code channels allowed due to the introduction of EUL.
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