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1 Introduction

In Release-99, the DPCCH, which provides the phase reference and TFCI for DPDCH, is transmitted in a CDM manner. 

In [1], it was shown that the phase reference from [E]-DPCCH needs to be boosted for higher rates envisaged for E-DPDCH. In this document, we investigate the TDM and CDM options for [E]-DPCCH, and quantify the gains at link level. 

2 TDM Approach

The [E]-DPCCH can be transmitted in a TDM manner along with E-DPDCH as shown in Figure 1. We will consider 2 options, with 4 or 8 evenly spaced [E]-DPCCH bursts per slot. Each burst spans 16 chips. Therefore, the [E]-DPCCH spans 2.5% or 5% of the slot.
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Figure 1

[E]-DPCCH – TDM Approach

3 Simulations – TDM Approach

It was noted in [1] that the E-DPDCH needs a stronger phase reference as the data rate increases. Therefore, we will consider the high rate MCS shown in Table 1.

	TTI
	Payload
	Code Rate
	SF
	Modulation
	Data Rate (kbps)

	2 ms
	1267
	0.33
	4
	QPSK
	633.6

	2 ms
	1920
	0.50
	4
	QPSK
	960

	2 ms
	2880
	0.75
	4
	QPSK
	1440


Table 1

Candidate MCS for E-DPDCH – High Rates
The E-DPDCH parameters are shown in Table 2. 

	Data Rate

(kbps)
	E-DPDCH T/P

(dB)

	633.6
	17.0

	960
	19.25

	1440
	22.0


Table 2

E-DPDCH Parameters

The [E]-DPCCH can be used as a phase reference, LLR scaling (if the transport block is turbo encoded) and for inner loop power control (ILPC) SNR estimation. 

However, in the TDM approach, the T/P of [E]-DPCCH varies as a function of rate. In order to use the [E]-DPCCH for ILPC, the receiver needs to know the T/P (either through the rate indicator) or estimate the T/P. 

In these simulations, we look at the effect of using either the [E]-DPCCH and DPCCH for ILPC SNR estimation. In all simulations, the [E]-DPCCH is used as a phase reference.

Figures 2, 3 and 4 show the results. The outer loop is disabled in all cases, while inner loop is enabled. The DPCCH is varied to simulate the changes in outer loop power control set-point. The x-axis refers to the total Ec/Nt, including the DPCCH and E-DPDCH.

Nominal refers to the use of DPCCH for ILPC operation.
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Figure 2

[E]-DPCCH – TDM – 633.6 kbps
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Figure 3

[E]-DPCCH – TDM – 960 kbps
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Figure 4

[E]-DPCCH – TDM – 1440 kbps

We note the following.

1. Using DPCCH instead of [E]-DPCCH for ILPC operation entails a loss of 0.5-1.5 dB at 1% BLER.

2. If DPCCH is used for ILPC, puncturing the E-DPDCH 2.5% is better than 5%. This is because of the following reasons.

a.  The T/P of [E]-DPCCH ranges from 17 dB to 22 dB ( variance of the channel estimate from [E]-DPCCH in AWGN is small, irrespective of 2.5% or 5% puncturing

b. The effective E-DPDCH code rate is smaller with 2.5% puncturing.

3. If [E]-DPCCH is used for ILPC, the SNR estimator variance reduces as the puncturing percentage increases.

a. For lower E-DPDCH code rates, increasing the puncturing percentage from 2.5% to 5% doesn’t degrade decoding performance significantly, while PC performance improves. Therefore, at 633.6 kbps, observe a 0.4 dB gain as puncturing increases from 2.5% to 5%.

b. For higher E-DPDCH code rates, this gain diminishes.

4 CDM Approach

The CDM [E]-DPCCH is transmitted at a fixed T/P with respect to DPCCH for the high rates. This allows the receiver to use the [E]-DPCCH for ILPC in a trivial manner.

	Data Rate

(kbps)
	E-DPDCH T/P

(dB)
	CDM [E]-DPCCH T/P

(dB)

	633.6
	17.0
	10.0

	960
	19.25
	10.0

	1440
	22.0
	10.0


Table 3

CDM - [E]-DPCCH Parameters

Figures 5, 6 and 7 compare the CDM and TDM approaches.

1. In the CDM approach, the [E]-DPCCH is transmitted at a constant T/P of 10 dB as shown in Table 3.

a.  We assume that the receiver detects the presence of [E]-DPCCH perfectly, prior to estimating the SNR.

2. In the TDM approach, the [E]-DPCCH is present 5% of the slot. 

a. We assume that the receiver has perfect rate information, and therefore, knows the T/P of [E]-DPCCH.

3. The x-axis refers to the total Ec/Nt, including the DPCCH, E-DPDCH and if applicable, [E]-DPCCH.

4. We note that the CDM approach leads to a 1.2 dB at the peak rate of 1440 kbps.

a. The gain diminishes as the data rate reduces, since the code rate is more benign.
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Figure 5

TDM vs. CDM – [E]-DPCCH – 633.6 kbps
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Figure 6

TDM vs. CDM – [E]-DPCCH – 960 kbps
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Figure 7

TDM vs. CDM – [E]-DPCCH - 1440 kbps

5  Conclusions

As shown in [1], for optimal operation with the conceivably high rates of E-DPDCH need a stronger phase reference. In this document, we evaluated the TDM and CDM options for [E]-DPCCH for high rates. 

Both options benefit from the use of [E]-DPCCH for ILPC SNR estimation. 

1. In the CDM option, the ILPC operation is simpler due to a constant T/P of [E]-DPCCH. The receiver needs to detect the presence of a CDM [E]-DPCCH. 

2. In the TDM option, the T/P of [E]-DPCCH varies as a function of data rate. The receiver needs to first decode the rate indicator channel to know the T/P.

The CDM link level gain ranges from 0.1 dB for lower rates to 1.2 dB for higher rates. As shown in [2], the reduction in PAR due to TDM operation is insignificant.

Simulation Parameters

	Parameter
	Value

	Channel Estimation
	On

	DPCCH slot format
	0

	Inner Loop Power Control
	On

	ILPC Step Size
	+/- 1 dB

	PC  feedback delay
	1-slot

	PC command BER
	4%

	Channel
	AWGN

	Number of Rx antennas
	2
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