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1 Introduction

This paper analyzes the performance of uplink HS-DPCCH in a link imbalance scenario. Specifically, we will concentrate on the ACK/NAK channel performance.

The link imbalance effect has been summarized in numerous earlier contributions in RAN1, and will not be repeated here. Suffice it to say that the uplink pilot intended for the HSDPA serving cell can become very weak, leading to a poor channel estimate.

The default requirements on the ACK/NAK channel are the following.
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We will assume a 2-state receiver at the Node-B. Therefore, there is no attempt to distinguish between a NAK and DTX. Due to the DTX(ACK constraint, the BPSK threshold is non-zero and is set appropriately. Once the threshold is set, it ensures that we always meet the DTX(ACK constraint.

Link level simulations were conducted with the number of ACK/NAK transmissions varied from 1 to 4 (repetition factor varied from 0 to 3). To simulate link imbalance, the outer loop was disabled and the target combined uplink DPCCH pilot Ec/Nt was fixed at –21 dB (nominal mode) and –24 dB (link imbalance). We also assume 2 Rx antennas, therefore the received pilot Ec/Nt per antenna for the nominal/imbalance modes is –24 dB and –27 dB respectively. 

The channel is always estimated in these simulations. Detailed simulation assumptions are shown in the Appendix.

2 Simulation Results – Part I

Table 1 outlines the results for the nominal mode with and without repetition. To meet the DTX(ACK requirement, the normalized threshold was fixed at 2.326. The ACK(NAK requirement is now the critical one, while the NAK(ACK target is easily met. Therefore, we did not simulate NAK repetition in the nominal mode.

	Channel
	ACK-to-Pilot Ratio (dB)
	NAK-to-Pilot Ratio (dB)

	
	1 Transmission
	2 Transmissions
	1 Transmission
	2 Transmissions

	3 kph
	0.5 
	-2.0
	-11.5
	-

	30 kph
	6.0
	2.5
	-8.0
	-

	120 kph
	9.0
	2.5
	-8.0
	-


Table 1
ACK/NAK-to-Pilot Ratio – Nominal Mode

Table 2 outlines the ACK-to-Pilot ratio in a link imbalance scenario. While interpreting the ratio, note that the pilot is weaker by 3 dB from the nominal mode.

	Channel
	ACK-to-Pilot Ratio (dB)

	
	1 Transmission
	2 Transmissions
	3 Transmissions
	4 Transmissions

	3 kph
	6.5
	5.5
	4.0
	2.5

	30 kph
	12.5
	7.5
	5.5
	3.5

	120 kph
	14.5
	6.5
	3.5
	1.5


Table 2
ACK-to-Pilot Ratio – Link Imbalance

Table 3 outlines the NAK-to-Pilot ratio in a link imbalance scenario.

	Channel
	NAK-to-Pilot Ratio (dB)

	
	1 Transmission
	2 Transmissions
	3 Transmissions
	4 Transmissions

	3 kph
	-6.0
	-9.0
	-11.0
	-11.5

	30 kph
	-4.0
	-10.0
	-11.0
	-13.0

	120 kph
	-1.0
	-10.0
	-12.5
	-12.5


Table 3
NAK-to-Pilot Ratio – Link Imbalance

We note the following.

1. In the nominal mode and single transmission cases, the required power ratio (ACK and NAK) is large for high velocity terminals.

2. In link imbalance and single transmission cases, the required ACK-to-Pilot ratio is large in all instances.  

a. The NAK power ratio is large only for high velocity terminals. 

3. Increasing the number of transmissions from 1 to 4 significantly reduces the required power ratio.

a. For NAKs, 2 transmissions seem to suffice.

b. For ACKs, 4 transmissions provide an additional 2 dB reduction in transmit power.

3 Simulation Results – Part II

In the WG2 meeting held in Turin last week [1], it was decided that the network could tolerate a higher error rate on the HS-DPCCH in exceptional circumstances. The default requirements would still be the same as outlined in Section 1, but the relaxed requirements would be:
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If the Node-B observes that a UE in true SHO (not softer HO) is not obeying its power control commands, it can deem that the UE is in link imbalance, and set the relaxed requirenments on the ACK/NAK channel.

For the sake of completeness, we present the results in a link imbalance and nominal scenario. 

Table 4 outlines the results for the nominal mode. To meet the DTX(ACK requirement, the normalized threshold was now fixed at 1.282. The ACK(NAK requirement is still the critical one, while the NAK(ACK target is easily met. Therefore, we did not simulate NAK repetition in the nominal mode.

	Channel
	ACK-to-Pilot Ratio (dB)
	NAK-to-Pilot Ratio (dB)

	
	1 Transmission
	2 Transmissions
	1 Transmission
	2 Transmissions

	3 kph
	-1.5 
	-3.5
	-8.5
	-

	30 kph
	3.0
	0.5
	-5.0
	-

	120 kph
	5.5
	-1.5
	-2.5
	-


Table 4
ACK/NAK-to-Pilot Ratio – Nominal Mode

Table 5 outlines the ACK-to-Pilot ratio in a link imbalance scenario.

	Channel
	ACK-to-Pilot Ratio (dB)

	
	1 Transmission
	2 Transmissions
	3 Transmissions
	4 Transmissions

	3 kph
	3.5
	2.5
	1.0
	-0.5

	30 kph
	9.0
	4.5
	2.0
	0.5

	120 kph
	11.0
	4.0
	0.5
	-1.0


Table 5
ACK-to-Pilot Ratio – Link Imbalance

Table 6 outlines the NAK-to-Pilot ratio in a link imbalance scenario.

	Channel
	NAK-to-Pilot Ratio (dB)

	
	1 Transmission
	2 Transmissions
	3 Transmissions
	4 Transmissions

	3 kph
	-3.5
	-5.5
	-
	-

	30 kph
	1.0
	-3.0
	-
	-

	120 kph
	4.0
	-4.0
	-
	-


Table 6
NAK-to-Pilot Ratio – Link Imbalance

We note the following.

1. As expected, the required NAK-to-Pilot ratio increases overall.

a. In a link imbalance scenario, a maximum of 2 NAK transmissions are required.

2. The ACK-to-Pilot ratio decreases overall.

a. In a link imbalance scenario, 3 ACK transmissions should suffice. 

4 Comments and Conclusions

The results from this contribution suggest the following.

1. When the UE is not in SHO, the error requirements are stringent.

a. For the low velocity users (who are of main concern), repetition is not required.

b. For high velocity users, one repetition should suffice. 

i. This only places a constraint on the Node-B scheduling strategy, when it is trying to continuously schedule a high capability (inter-TTI distance of 1 TTI) and high velocity UE.

2. When the UE is in link imbalance, the error requirements are relaxed.

a. Two repetitions should suffice for all users.

i. For NAKs, only one repetition is required.

Therefore, no change in the physical layer is warranted to handle exceptional circumstances.

Appendix

The simulation assumptions are outlined below.

	Channel Condition
	1-path fading - 3-kph, 30-kph, 120-kph

	Channel Estimation
	On

	Inner Loop Power Control (ILPC)
	On

	ILPC Step size
	+/- 1 dB

	Outer Loop Power Control
	Off

	PC delay
	1-slot

	PC BER
	0.04

	Nominal target pilot set-point
	-21 dB (combined)

	Imbalance target pilot set-point
	-24 dB (combined)

	Number of antennas
	2

	Number of DPCCH pilot bits
	6
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