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1
Introduction 
Higher order modulation in the UTRA uplink is introduced from Work Item “Introduction of 16QAM in HSUPA (FDD)” which leads to very high data rates in the uplink of HSPA. It was also shown in [1] that the required pilot set point (Ecp/Nt) for very high data rates (3.5 Mbps to 11 Mbps) was significantly higher than low to high data rates (16 kbps to 1,435.5 kbps). The pilot set-point requirements differ significantly for different categories of data rates (especially between the low to high data rates and very high data rates). Since the current power control scheme in HSUPA is not fast enough to achieve these instantaneously high pilot set-points, the scheme of power boosting of E-DPCCH proposed in [1] was approved for the need for an enhanced pilot reference for very high data rates.
Since high data rates service is increasing rapidly while HSUPA networks deploy widely, instant switching from low data rates to very high data rates will normally happen which means power boosting may be performed frequently.
Although power boosting of E-DPCCH is beneficial for performance improvement, it still has a performance problem if E-DCH is not consecutive or only exists a short time. In this contribution, we discuss this problem based on E-DPCCH as phase reference and consider a potential scheme that can help improve the phase reference performance of E-DPCCH.
2
Discussion
2.1
Problem of E-DPCCH based pilot reference processing
When transmitting E-DCH, the UE applies a power offset for power boosting of E-DPCCH if transmitting E-TFCI is greater than E-TFCIec,boost. The NodeB may accordingly decide to use the E-DPCCH as an enhanced pilot reference for E-DPDCH demodulation. In this case, Pilot Reference Processing (such as Channel Estimation) may only be performed on E-DPCCH after the E-DPCCH has been decoded.
Since the E-DCH transmission will be hardly always consecutive, not like DPCCH, the transmission of E-DPCCH, which is a physical channel used to transmit control information associated with the E-DCH, cannot be continuous either. Thus Channel Estimation based on E-DPCCH will be worse than normal in the period of start and end of consecutive E-DCH TTIs(which could be more than one) transmission, because the average of channel estimation results does not have sufficient symbols. As E-DPCCH is always transmitted simultaneously with E-DPDCH, worse channel estimation results affect the corresponding E-DPDCH decoding and make that the traffic data rate cannot reach uplink peak data rate that the user expects. From our simulation results, it shows that performance is really unacceptable for very high data rates.
This motivates the need for an enhanced pilot reference of E-DPCCH when power boosting is used.
2.2
Simulation results
In this section, we list the simulation assumptions and results in studying the problem of channel estimation based on power boosting E-DPCCH.

Table 1: Simulation Assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	Chip rate
	3.84 Mcps

	Receiver Type
	LMMSE Receiver

	SRRC pulse shaping
	On

	Number of Rx Antennas
	2

	Sample rate
	Chipx2

	Equalizer length in chips
	20 chips 

	Equalizer tap spacing (chips)
	½

	Equalizer update rate
	1 time per slot

	Noise variance
	Ideally known

	TTI
	2ms

	HARQ combining
	IR

	Max # of transmissions
	4

	# HARQ Processes 
	8

	Channel estimator 
	The location of each ray on the channel is known a-priori to the receiver, but the channel tap values (i.e. the complex coefficient associated with each multi path component) are estimated by the receiver based on E-DPCCH.

E-DPCCH symbol is known a-priori to the receiver.

	DL ACK/NACK signalling error model 
	Off 

	E-DPCCH Error Rate
	0

	Inner-loop PC
	Off

	Outer-loop PC
	Off

	Channel Type
	PA3, PB3, VA30

	Channel ray mapping
	Nearest Tc/2 spaced delay (1/ Tc is the chip rate)

	E-DCH Transmission Mode
	consecutive
4 TTIs every 8 TTIs
1 TTI every 8 TTIs

	Simulated parameters
	Throughput as a function of Ec/N0 (total).


Table 2: Data rates and channel configurations
	Target Data Rate (kbps)
	Transport Block Size (bits)
	TTI
	Modulation
	Number of codes
	SF
	Code Rate
	Quantized E-DPDCH/DPCCH power ratio
	Quantized E-DPCCH/DPCCH power ratio

	4050
	8100
	2ms
	BPSK
	4
	4,2
	0.703
	75/15
	48/15

	5205
	10410
	2ms
	4PAM
	4
	4,2
	0.452
	95/15
	60/15

	8109
	16218
	2ms
	4PAM
	4
	4,2
	0.704
	150/15
	95/15
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Figure1: Link performance comparison of E-DCH consecutive and inconsecutive transmission for 4050kbps
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Figure 2: Link performance comparison of E-DCH consecutive and inconsecutive transmission for 5205kbps
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Figure 3: Link performance comparison of E-DCH consecutive and inconsecutive transmission for 8109kbps
Figure 1 shows that for data rate around 4Mbps there is no notable performance impairment between consecutive and inconsecutive E-DCH transmission. However, it is obvious in Figure 2 and Figure 3 that impairment is unacceptable for data rate of 5Mbps and above.
3
Potential Scheme

In this section, a scheme for E-DPCCH enhancement is presented to study.
Similar with uplink DPCCH preamble and postamble in CPC procedures, a new scheme may be introduced for E-DPCCH transmission, E-DPCCH preamble and postamble, once power boosting is applied. The general scheme may operate as follows:
· If a UE will start a transmission of E-DPCCH and E-DPDCH on an E-DCH TTI with the corresponding E-TFCI greater than E-TFCIec,boost, the UE shall first start the E-DPCCH transmission prior to this E-DCH TTI. And, if a UE will stop a transmission of E-DPCCH and E-DPDCH on an E-DCH TTI with the corresponding E-TFCI greater than E-TFCIec,boost, the UE shall continue the E-DPCCH transmission after the last consecutive E-DCH TTI.
In this way, the use of E-DPCCH preamble and postamble brings extra symbols for channel estimation average in the period of start and end of consecutive E-DCH TTIs, so that the channel estimation results for regular E-DPDCH decoding are smoother and better which could improve throughput. The performance of burst E-DCH transmission applying power boosting E-DPCCH with preamble and postamble shall be equivalent to that of consecutive E-DCH transmission.
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Figure 1: E-DPCCH preamble and postamble for power boosting
4
Conclusion

A problem of power boosting E-DPCCH based pilot reference processing has been discussed. It is observed from simulation results that inconsecutive E-DCH transmission with E-DPCCH power boosting affect the channel estimation results so as to reduce the peak data rates. This problem is even severe in the case that users are applying uplink high data rates.
Thus it is proposed to further investigate the problem of power boosting E-DPCCH based pilot reference processing and find a solution. And it is worthy to study the scheme of E-DPCCH preamble and postamble which seems to be a potential approach to solve the problem.
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