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1. Introduction

In WCDMA, the pilot field of the uplink DPCCH is typically used for (at least) three purposes: path searcher, channel estimator, and SIR estimation for the power control loop. The received DPCCH power must be controlled to ensure sufficient performance for these operations and, in addition, ensure sufficient reliability of the TFCI and TPC fields. Obviously, from an overhead point of view, a low DPCCH power is desirable, a fact that is further stressed for low data rates and in situations where the duty cycle of data transmission is low, e.g., due to the traffic behavior or due to scheduling being applied to the uplink. On the other hand, at higher data rates, the relative overhead from a strong DPCCH is smaller and the overall performance may gain from additional energy for the DPCCH due to, e.g., improved channel estimation.

In Rel5 and earlier releases, the DPDCH/DPCCH ratio is given by the TFCS configured in the UE. Since the DPCCH is used for both channel estimation and power control, it is not possible to adjust the DPCCH power when switching between different TFCs in the TFCS without corrupting the power control operation. Hence, the DPCCH power setting is a compromise between low overhead and good channel and SIR estimation performance.

Previously, the use of additional pilots for E-DCH [1] and modifications to the power control mechanism [2] has been proposed to enhance the uplink performance. It has also been discussed whether here is a need for enhancements at all or if the current DPDCH/DPCCH power setting scheme is sufficient.

This paper investigates the performance gains possible with additional uplink pilot energy. Both channel estimation accuracy and SIR estimation accuracy for power control is investigated

2. Evaluation

2.1. Assumptions

To investigate the impact on overall performance due to different pilot power, simulations have been run on different fading channel models and with different (c/(d ratios. The simulation assumptions are found in Table 1.

	Parameter
	Value

	Data rates
	336 kbit/s (single E-DPDCH), 1.008 Mbit/s (3 E-DPDCHs).
SF 4, 2 ms TTI, and code rate 0.35 for both cases.

	Slot format
	Slot format 0 (6 pilot, 2 TFCI, 2 TPC bits per slot)

	(c/(d ratio
	Varied.

	Eb/N0 definition
	Eb is the total received energy (including both DPDCH and DPCCH) per antenna during a TTI divided by the number of information bits in the TTI.

	Channel Models
	PedA at 3 km/h; VehA at 3, 30, 120 km/h. 2 GHz carrier frequency.

	Channel Estimation
	Ideal or non-ideal. Non-ideal channel estimate based on average over multiple slots (2-8 slots for the Doppler range studied herein)

	Power control
	Non-ideal SIR estimation. Error-free TPC feedback in DL. 1 slot power control delay.

	Number of RAKE fingers
	Equal to the number of channel taps.

	Antenna diversity
	2 antenna Rx diversity


Table 1: Simulations assumptions. 

2.2. Results

The performance for different (c/(d settings with Pedestrian A at 3 km/h with ideal and non-ideal channel estimation is found in Figure 1. As seen in the plot, the performance for the lowest DPCCH powers, (c/(d=1/15 and to some extent (c/(d =2/15, are significantly degraded compared to the higher (c/(d settings. For (c/(d =3/15 and higher ratios, there is no large spread in performance. The reason for the performance degradation when the (c/(d is reduced is mainly due to dissatisfactory SIR estimation for the power control mechanism and to a lesser extent due to degradation in channel estimation.

Similar conclusions, i.e., SIR estimation error is the largest cause of loss at low DPCCH power settings, can be drawn for the Vehicular A channel model at 3 km/h, although the benefit for the channel estimator with a higher DPCCH power setting is somewhat larger than for PedA due to the larger number of paths in the VehA channel model. 

Results for Vehicular A at 30 km/h are found in Figure 3. On average, a higher Eb/N0 is required compared to the 3 km/h case due to a reduced possibility for the power control mechanism to track fast fading. Furthermore, the amount of averaging in the channel estimator is reduced. Hence, the benefits from a higher DPCCH power for the channel estimation is slightly larger than for the 3 km/h case. 

In Figure 4, results for Vehicular A at 120 km/h are plotted. From the plot, it is seen that the power control cannot track the fast fading, making the influence of SIR estimation errors insignificant. Furthermore, as only two slots of averaging is used in the channel estimator, the spread in performance for different (c/(d ratios is increased compared to lower Doppler frequencies, thus increasing the benefits with a stronger DPCCH from a channel estimation point of view.

In Table 2 and Table 3, the results are summarized for data rates of 336 kbit/s and 1.008 Mbit/s, assuming non-ideal channel and SIR estimation. It is seen that a higher pilot energy is beneficial for the overall performance at both low and high Doppler frequencies. At low Doppler frequencies, the main reason is improved SIR estimation, while at the highest Doppler frequency, the improved quality of the channel estimate dominates. 

	
	(c/(d = 2/15
	(c/(d = 3/15
	(c/(d = 4/15

	
	10% BLER
	1 % BLER
	10% BLER
	1% BLER
	10% BLER
	1% BLER

	Pedestrian A, 3 km/h
	1 dB
	1.4 dB
	0.4 dB
	1.1 dB
	0.1 dB
	0.3 dB

	Vehicular A, 3 km/h
	1.3 dB
	1.8 dB
	0.5 dB
	0.8 dB
	0.1 dB
	0.3 dB

	Vehicular A, 30 km/h
	1.8 dB
	2.1 dB
	0.9 dB
	0.9 dB
	0.2 dB
	0.5 dB

	Vehicular A, 120 km/h
	2.1 dB
	2.2 dB
	0.9 dB
	1.1 dB
	0.3 dB
	0.4 dB


Table 2: Difference in performance for some different (c/(d settings compared to (c/(d = 5/15, which was found to be (close to) the best ratio for 336 kbit/s data rate assuming continuous transmission. Non-ideal channel and SIR estimation. 

	
	(c/(d = 3/15
	(c/(d = 4/15
	(c/(d = 5/15

	
	10% BLER
	1 % BLER
	10% BLER
	1% BLER
	10% BLER
	1% BLER

	Pedestrian A, 3 km/h
	0.6 dB
	0.9 dB
	0.25 dB
	0.4 Db
	0.05 dB
	0.2 dB

	Vehicular A, 30 km/h
	1.2 dB
	1.8 dB
	0.6 dB
	0.8 dB
	0.2 dB
	0.4 dB

	Vehicular A, 120 km/h
	2 dB
	2 dB
	1.1 dB
	1.4 dB
	0.5 dB
	0.7 dB


Table 3: Difference in performance for some different (c/(d settings compared to (c/(d = 6/15, which was found to be (close to) the best ratio for 1.008 Mbit/s data rate. Non-ideal channel and SIR estimation.
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Figure 1. Results for 336 kbit/s, Pedestrian A at 3 km/h for different (c/(d ratios. Ideal (dashed lines) and non-ideal (solid lines) channel estimation, non-ideal SIR estimation. Plotted with a dotted line is the performance without power control for reference.
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Figure 2: Results for 336 kbit/s, Vehicular A at 3 km/h for different (c/(d ratios. Ideal (dashed lines) and non-ideal (solid lines) channel estimation, non-ideal SIR estimation.
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Figure 3: Results for 336 kbit/s, Vehicular A at 30 km/h for different (c/(d ratios. Ideal (dashed lines) and non-ideal (solid lines) channel estimation, non-ideal SIR estimation.
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Figure 4: Results for 336 kbit/s, Vehicular A at 120 km/h for different (c/(d ratios. Ideal (dashed lines) and non-ideal (solid lines) channel estimation, non-ideal SIR estimation.

3. Conclusion

The overall link performance for different (c/(d ratios has been investigated. If the (c/(d is significantly lower than the best ratio, the overall link performance may be significantly degraded. At low Doppler frequencies, the main reason is degradation of the SIR estimation, while at the highest Doppler frequency, the degraded quality of the channel estimate dominates.

Since a low DPCCH power when a user is not transmitting any data is preferable from a system perspective to reduce the overall interference, while a higher pilot energy may be beneficial from a SIR and channel estimation point of view, an activity-dependent pilot may provide benefits. An activity-dependent pilot could be realized through an additional pilot field, e.g., on a separate channelization code, that is only enabled when an actual transmission is taking place.

However, it should be kept in mind that most of the benefit with additional pilot energy is due to improved SIR estimation for the power control loop. With a low DPCCH overhead, the power control performance during non-active periods (i.e., DPCCH only, no DPDCH traffic) will be degraded. Convergence time of the TPC loop in relation to bursty traffic patterns and any potential issues around combining the pilot energy from the auxiliary pilot and the Rel5 DPCCH pilot have not been addressed in this paper. Furthermore, it must be ensured that the TFCI, TPC and HS-DPCCH performance is not significantly impacted due to a weakened DPCCH pilot. If a 2 ms E-TFCI is used, the TFCI aspect may be less of an issue.

It is proposed to include the text in Section 2 above in the technical report [3] as section “A2.3 Link Performance for Different Pilot Energies”.
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