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Introduction

This paper addresses the peak-to-average issues associated with the UL transmission. 

The peak-to-average (PAR) metric is commonly used as one of the inputs to the UE power amplifier dimensioning. Depending on the power amplifier structure and mode of operation the peak-to-average metric also has an impact on the power consumption in the UE. In this paper we use the 99.9% (or 1e-3) point on the PAR cdf since this is a value typically used in the industry which reflects practical implementations of power clipping techniques with minimum impact on the waveform quality and spectral characteristics. 

We present peak-to-average results for reference configurations defined in Release-99 and Release-5. We then assess the impact on the PAR values resulting from the addition of possible new channels. 

The additional UL channels described in this contribution are not meant to represent the final stage of a possible enhanced UL channel structure in Release-6 but rather a possible structure to be considered in the assessment of possible improvements in the UL performance and or quality of service.

Assumptions

Based on the results presented in [1] we have selected the relative gains of each physical channel such that the total required Ec/Nt to achieve a certain performance would be minimized in AWGN. The actual DPCH performance is not extremely sensitive to the relative gains, however selecting the gains in the right range ensures that the PAR analysis can provide useful indications relative to the impact of adding new physical channels in the uplink.

Release-5 (reference)

This section provide PAR results for existing Release-5 configurations.

The assumptions and configurations are described in table 1. We consider the following cases:

1. Voice only

2. Voice + 64 kbps + HSDPA control

We believe that these configurations are the one to be likely used in actual system deployments. Even though UE with the capability to support 384 kbps already exist and will occasionally transmit at rates higher than 64 kbps we believe that this is not very likely to happen at the edge of a cell  (i.e. SHO situation). We do not consider the situation where more than a single DPCH is used as this seems very unlikely in the UL.

Table 1: Channel gains assuming Ec_dpcch/Nt =-22 dB

	Channel
	Gain (Channel/DPCCH ratio)

	DPCCH
	0 dB

	DPDCH
	2 dB for 12.2 kbps

6.5 dB for 64 kbps

10 dB for 384 kbps

	HS-DPCCH
	-3 dB for high geometry (non SHO case)

3 dB for low geometry (SHO case)


The 99.9% PAR values are presented in table 2. 

Table 2: 99.9% PAR values for Release-5 configurations

	Configuration
	99.9% PAR

	Voice only
	3.0 dB

	Voice + HS-DPCCH (no SHO)
	3.3 dB

	Voice + HS-DPCCH (SHO)
	3.6 dB

	HSDPA 64 kbps (no SHO)
	3.1 dB

	HSDPA 384 kbps (no SHO)
	3.0 dB

	HSDPA 64 kbps (SHO)
	3.2 dB


We note that when considering a Release-5 system supporting data services at the edge of the cell the PAR values are quite similar the baseline Release-99 values for a single DPDCH.

Structures to be considered in the SI

In this section we address the PAR impact of various possible channel structures which could be considered as part of the UL study item phase. These results will help in the assessment of the actual merits of possible new structures relative to the Release-5 situation.

We consider the following options

· No new physical channel

· New physical control channel

· New physical data and physical control channel

The case where no new channel is added is trivial and does not affect the PAR situation compared to the Release-5 (although it may change the operating point and thus the actual PAR value).
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Figure 1: Channelization codes

New physical control channel

This section considers the addition of a new physical control channel (EU-DPCCH) without the addition of a new physical data channel. We have selected a channelization code which minimizes the PAR values given that the UE already transmits the DPCCH, one DPDCH and the HS-DPCCH as shown in figure 1.

The assumptions and configurations are described in table 3. We consider cases in which data is transmitted over the DPDCH at 64 kbps and using the Release-99 multiplexing. Both a long (10 ms) and a short (2 ms) TTI are considered for the EU-DPCCH. Rates higher than 64 kbps are not considered since they would result in lower PAR and are not likely to be used at the edge of the cell. Rates lower than 64 kbps are not considered as the comparison between the existing UL and possible enhancements should be made against a Release-5 system deployed for some minimum data services in the uplink or in support of high speed downlink operation.

Table 3: Channel gains assuming Ec_dpcch/Nt =-22 dB

	Channel
	Gain (Channel/DPCCH ratio)

	DPCCH
	0 dB

	DPDCH
	6.5 dB for 64 kbps



	HS-DPCCH
	-3 dB for high geometry (non SHO case)

3 dB for low geometry (SHO case)

	EU-DPCCH
	-3 dB for short TTI (2 ms)

-9 dB for long TTI (10 ms)


The 99.9% PAR values are presented in table 4. 

Table 4: 99.9% PAR values for DPCH (64 kbps) + HS-DPCCH + EU-DPCCH

	Configuration
	99.9% PAR

	HSDPA (64 kbps) + EU-DPCCH (10 ms) no SHO
	3.3 dB

	HSDPA (64 kbps) + EU-DPCCH (2 ms) no SHO
	3.8 dB

	HSDPA (64 kbps) + EU-DPCCH (10 ms) in SHO
	3.5 dB

	HSDPA (64 kbps) + EU-DPCCH (2 ms) in SHO
	3.8 dB


The results show a PAR increase in the order of 0.5 dB compared to the equivalent Release-5 configuration. The increase in PAR would be reduced if the reference DPDCH rate would be higher.

New physical control and data channel

The assumptions and configurations are described in table 5. The addition of a new physical data channel (EU-DPDCH) implies that the TTI would be shorter since  multiplexing multiple channels with 10 ms TTI is already feasible in a TDM manner and does not affect the PAR situation compared to Release-5. We have therefore assumed a 2 ms TTI for the EU-DPDCH. We have also assumed a 2 ms TTI for the associated EU-DPCCH as this is the worst case scenario and does not really affect the PAR distribution when the EU-DPDCH is present. For the EU-DPDCH we have assumed QPSK modulation using a SF=4 code in the lower part of the OVSF code tree as depicted in figure 1.

Table 5: Channel gains assuming Ec_dpcch/Nt =-22 dB

	Channel
	Gain (Channel/DPCCH ratio)

	DPCCH
	0 dB



	DPDCH
	2 dB for 12.2 kbps



	HS-DPCCH
	-3 dB for high geometry (non SHO case)

3 dB for low geometry (SHO case)

	EU-DPCCH
	-3 dB for short TTI



	EU-DPDCH
	5, 10, 20 dB (short TTI)




The 99.9% PAR values are presented in table 6. 

Table 6: 99.9% PAR values for DPCH (12.2) + HS-DPCCH + EU-DPCCH + EU-DPDCH

	Configuration
	99.9% PAR

	EU-DPDCH G = 5dB (no SHO)
	5.6 dB

	EU-DPDCH G = 10dB (no SHO)
	5.1 dB

	EU-DPDCH G = 20dB (no SHO)
	3.7 dB

	EU-DPDCH G = 5dB in SHO
	5.6 dB

	EU-DPDCH G = 10dB in SHO
	5.3 dB


We have also investigated the impact on PAR when SF=2 is used for the EU-DPDCH or when 8-PSK is used for a SF=4 EU-DPDCH. We have not found major differences although the QPSK approach results in about 0.3 dB less increase in the PAR compared to the 8-PSK approach.

Comments

· The addition of a code multiplexed low rate control channel could be implemented such that the increase in the 99.9% PAR would be in the order of 0.5 dB at the edge of the cell compared to an equivalent Release-5 configuration without the additional control channel.

· The addition of a code multiplexed high data rate QPSK channel increases the 99.9% PAR in the order of 2 dB. Adding a new code multiplexed data channel should therefore only be considered if the overall system level gain compared to a release-99 single DPDCH operation is more than 2 dB.

· The impact on PAR decreases as the reference data rate for the DPDCH and/or EU-DPDCH is increased.

· The PAR values are relative values and the absolute power requirement including the average power requirement and the delta due to the PAR should be considered in a design decision.

Conclusion

We have investigated the PAR issues associated with the introduction of new channels in the UL channel structure. We suggest that the comments presented in the previous section are captured in the technical report.
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