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1 Introduction

In Release-99, the UE selects the transmit rate by performing TFC selection from the TFCS. The set of gains for DPCCH and DPDCH, namely the 
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values, are signaled by the UTRAN and typically vary for each TFC. For each TFC, these may be signaled explicitly or computed from the signaled settings for a reference TFC.
In this document, we show that this mechanism leads to a sub-optimal operation of the network, and higher RoT on an average. We then propose a scheme for E-DPDCH operation, and quantify the gains at link level.
2 Optimal T/P
It is a well-known fact that if one takes the channel estimation noise into account, the target Ec/Nt is minimized by choosing the traffic-to-pilot (T/P) ratio appropriately. The optimal T/P is a function of channel estimator noise variance and target Eb/Nt, and is therefore, different for each rate. Since the optimal T/P also corresponds to a pilot set-point, it can be seen that the optimal pilot set-point needs to be boosted as the data rate increases. 

In Rel-99, when a UE selects a different TFC at a radio frame boundary, it cannot boost the pilot. The Node-B is unaware of the transmitted TFC prior to TFCI decoding, and cannot change the set-point. If the UE does boost the pilot, the Node-B would send PC DOWN commands on downlink DPCCH. 

To avoid this, after applying the gains
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, the UE scales the total transmit power (DPDCH plus DPCCH) such that the DPCCH O/P power changes in accordance with the power control command. This leads to a sub-optimal operation, and an increase in average uplink RoT.
This is illustrated in Figures 1 and 2, which plot the combined Eb/Nt (DPDCH plus DPCCH overhead) vs. the Ecp/Nt. It is seen that the optimal Ecp/Nt set-point for 64 kbps is -19.5 dB, while the optimal set-point for 384 kbps is -15.5 dB. If the Ecp/Nt is set to -19 dB in all instances, the link efficiency degrades.
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Figure 1

Eb/Nt vs. Ecp/Nt – Rel-99 – 64 kbps
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Figure 2

Eb/Nt vs. Ecp/Nt – Rel-99 – 384 kbps

3 E-DPDCH Simulations
In Rel-6, the average uplink data rates are expected to be higher. It is essential that we minimize the interference caused by EUL to legacy Rel-99 terminals.

Consider the MCS shown in Table 1. It is a subset of the reference MCS for 2ms TTI suggested in [1]. We note that the target data rates range from 128 kbps to 1024 kbps after 4 transmissions.

We will evaluate the performance of E-DPDCH in AWGN, PA3, VA30 and VA120 channels with the 8 MCS shown in Table 1.
	MCS
	Payload
	TTI
	Number of codes
	Code Rate
	SF
	Instantaneous Data Rate (kbps)
	Data Rate after 4 Tx (kbps)

	3
	1024
	2 ms
	1
	0.333
	4
	512
	128

	7
	2048
	2 ms
	1
	0.533
	4
	1024
	256

	11
	3072
	2 ms
	1
	0.400
	2
	1536
	384

	15
	4096
	2 ms
	1
	0.533
	2
	2048
	512

	19
	5120
	2 ms
	2
	0.444
	4, 2
	2560
	640

	23
	6144
	2 ms
	2
	0.533
	4, 2
	3072
	768

	27
	7168
	2 ms
	2
	0.622
	4, 2
	3584
	896

	31
	8192
	2 ms
	2
	0.711
	4, 2
	4096
	1024


Table 1

Candidate MCS for E-DPDCH – 2 ms TTI
The important simulation assumptions are outlined below. The details are shown in the Appendix.
1. Channels – AWGN, PA3, VA30, VA120

2. Maximum number of transmissions = 4

a. HSDPA IR format used with Xrv = {0, 3, 5, 7}

3. Power control enabled

a. Inner loop step size = +/- 1 dB
b. Outer loop based on residual BLER with an UP step of 0.5 dB

4. For each MCS and channel, the E-DPDCH/DPCCH (T/P) ratio was varied from 1 dB to 21 dB.
a. The Rx DPCCH SNR is adjusted by the outer loop during the course of the simulation.

Figures 3 to 10 show the performance of E-DPDCH in this setup. The combined E-DPDCH Eb/Nt (over all transmissions and including the DPCCH overhead) is plotted against the DPCCH SNR.
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Figure 3

Eb/Nt vs. Ecp/Nt – MCS = 3 – Target Residual BLER = 1%
[image: image6.wmf] 


Figure 4

Eb/Nt vs. Ecp/Nt – MCS = 7 – Target Residual BLER = 1%
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Figure 5

Eb/Nt vs. Ecp/Nt – MCS = 11 – Target Residual BLER = 1%
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Figure 6

Eb/Nt vs. Ecp/Nt – MCS = 15 – Target Residual BLER = 1%
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Figure 7

Eb/Nt vs. Ecp/Nt – MCS = 19 – Target Residual BLER = 1%
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Figure 8

Eb/Nt vs. Ecp/Nt – MCS = 23 – Target Residual BLER = 1%
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Figure 9

Eb/Nt vs. Ecp/Nt – MCS = 27 – Target Residual BLER = 1%
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Figure 10

Eb/Nt vs. Ecp/Nt – MCS = 31 – Target Residual BLER = 1%
4 Analysis

We make the following observations from the simulation results.

1. As the target data rate increases, the optimal DPCCH set-point increases.

a. This is true regardless of the channel model.

2. For the same target data rate, the optimal DPCCH set-point varies across channel models.

a. The variation is small and typically within +/- 2 dB.

Table 2 illustrates the results for PA3 channel model.

	MCS
	Optimal T/P (dB)
	Optimal Ecp/Nt (dB)
	Optimal Ec/Nt (dB)
	Nominal T/P (dB) 
	Nominal Ecp/Nt (dB)
	Nominal Ec/Nt (dB)
	SNR Loss (dB)
	Ecp/Nt Boost (dB)

	3
	11
	-21.44
	-5.92
	11
	-21.44
	-5.92
	0.00
	0.00

	7
	12
	-19.81
	-3.12
	14
	-21.42
	-3.09
	0.03
	1.61

	11
	12
	-18.46
	-1.47
	16
	-21.55
	-1.34
	0.13
	3.09

	15
	13
	-18.18
	-0.30
	17
	-21.37
	-0.17
	0.13
	3.19

	19
	14
	-17.96
	0.79
	18
	-21.21
	0.95
	0.16
	3.25

	23
	14
	-17.11
	1.60
	19
	-21.12
	1.86
	0.26
	4.01

	27
	14
	-16.59
	2.26
	20
	-21.40
	2.59
	0.33
	4.81

	31
	14
	-16.05
	2.85
	21
	-21.59
	3.35
	0.50
	5.54


Table 2

E-DPDCH Performance – PA3 Channel
The SNR loss steadily increases from 0 dB to 0.5 dB as the data rate increases. It can be shown that the SNR loss increases if the residual BLER is reduced to less than 1%. This is illustrated in Figure 11.
Further note that the required Ec/Nt at high rates is larger than 0 dB ( a single E-DPDCH transmission at these rates can constitute a significant fraction of the RoT. Any optimization of link performance at these rates leads to an increased system throughput for the same RoT or better system stability for the same throughput.

We note that the required boost ranges from 1.6 dB to 5.5 dB. For the lower rates, the SNR loss is rather small and doesn’t warrant a pilot boost. For higher rates (MCS 19-31), the SNR loss could be significant, and the required boost ranges from 3.25 dB to 5.54 dB. 

Therefore, we suggest a boosted phase reference at high rates. The phase reference is sent on a separate channel, called [E]-SPICH (secondary pilot channel) in a CDM manner. In [2], we justify a CDM approach as opposed to the TDM approach.

Instead of changing the boost as a function of the data rate, keeping a fixed boost of [E]-SPICH when it is present simplifies the [E]-SPICH operation.

The sample operating point for 1% residual BLER is now shown in Table 3. This was chosen based upon the performance across AWGN, PA3, VA30 and VA120 channels.
	MCS
	E-DPDCH/DPCCH (dB)
	[E]-SPICH 
	[E]-SPICH/DPCCH (dB)

	3
	10.5
	No
	-

	7
	13.5
	No
	-

	11
	15.5
	No
	-

	15
	16.5
	No
	-

	19
	17.0
	Yes
	5

	23
	18.0
	Yes
	5

	27
	18.5
	Yes
	5

	31
	19.0
	Yes
	5


Table 3

Operating Point for Sample MCS
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Figure 11

MCS = 31 – AWGN – Target Residual BLER = 0.1 %
4 Conclusions

In this document, we showed that for an optimal link performance, the phase reference must be boosted at high rates. The SNR loss due to a nominal non-optimal operation increases as the data rate increases and/or as the operating residual BLER decreases. 

We suggest the use of a separate CDM channel called [E]-SPICH for higher rates on E-DPDCH. The [E]-SPICH can be used for channel estimation and turbo scaling. 
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Appendix
	Parameter
	Value

	Channel Estimation
	On

	DPCCH slot format
	0

	Inner Loop Power Control
	On

	ILPC Step Size
	+/- 1 dB

	Outer Loop Power Control
	On/Off

	OLPC UP Step Size
	0.5 dB

	PC  feedback delay
	1-slot

	PC command BER
	4%

	Channels
	AWGN, PA3, VA30, VA120

	Number of Rx antennas
	2

	Target Residual BLER
	1% , 0.1%
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