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1. Introduction
Hybrid ARQ has been investigated as one possible enhancement for uplink E-DCH [1]. It is assumed that ACK/NACK for the uplink E-DCH packet is signalled by physical layer in Node B for a reduced latency. Several analyses on the ACK/NACK signaling performance have been presented in last meetings [2][3][4]. In this paper, we present simulation and analysis results on the performance of ACK/NACK signaling for E-DCH. Both of non-SHO and SHO cases are considered and some detailed ACK/NACK signaling scenarios in SHO cases are also investigated.

2. Simulation assumptions
Under the assumption of 2ms TTI, three downlink ACK/NACK channel structures are considered, that is, 1 ACK/NACK symbol per TTI for DPCH puncturing mode, 3 repetitions of an ACK/NACK symbol per TTI for DPCH puncturing mode, and 60 repetitions of an ACK/NACK symbol per TTI for CDM mode. Simple BPSK detection with zero threshold is used for the ACK/NACK signal detection. Basic simulation assumptions are described in table 1.

Table 1. Basic simulation assumptions

	TTI length
	2 ms

	Spreading factor of ACK/NACK symbol
	128

	ACK/NACK symbol repetition in TTI
	1, 3, 60

	Channel environment
	Flat fading, 3 km/hr

	Channel estimation
	Ideal

	ACK/NACK detection scheme
	BPSK detection with zero threshold

	Inner-loop power control
	On

	TPC bit error rate
	0 %

	Outer-loop power control
	Off

	Ior/Ioc
	Variable


3. Simulation results
3.1 Non-SHO case

Figure 1 shows ACK/NACK detection error rate according to the transmit Ec/Ior value when Ior/Ioc is set to 0 dB. As easily expected, power requirement for ACK/NACK signaling to each UE in DPDCH puncturing mode is much larger than that in CDM mode.
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Figure 1. ACK/NACK performance in non-SHO (Ior/Ioc = 0 dB)

The requirements for the restrictions to the detection error probabilities for ACK and NACK signals may be assumed typically as follows:

Pr{NACK|ACK} < 10-2
Pr{ACK|NACK} < 10-3
In behalf of convenience, these requirements are denoted by ‘Requirement Set 1’. Table 2 shows required Tx Ec/Ior values for each ACK/NACK signaling structure to meet Requirement Set 1. The results show that required transmit power at Node B for ACK/NACK signaling to each UE is very large in DPCH puncturing mode. In 1 repetition case, required power for the ACK/NACK signaling with Ior/Ioc = 0dB is up to –11.6 dB, which is about 7% of total Node B transmission power.

Table 2. Required ACK/NACK Tx Ec/Ior (Ior/Ioc = 0 dB)

	
	Required ACK Tx Ec/Ior
	Required NACK Tx Ec/Ior

	1 repetition
	-14.6 dB
	-11.6 dB

	3 repetitions
	-19.3 dB
	-16.6 dB

	60 repetitions
	-32.7 dB
	-29.6 dB


3.2 SHO case

It is assumed that UE is in soft handover with 2 Node Bs and each Node B transmits ACK/NACK signal independently of each other. Then, UE detects ACK/NACK signal from each Node B, separately. To investigate the effect of link imbalance in downlink, Ior/Ioc of one Node B is fixed as 0 dB and Ior/Ioc of test Node B is varied from –6 dB to +6dB. Figure 2 shows the BER results for the test Node B according to different Ior/Ioc values. As shown in the figures, the ACK/NACK signaling performance varies largely according to the link imbalance. For example, performance difference between 6 dB imbalance case and –6 dB imbalance case in figure 1 (a) is about 23 dB, which is much higher than 12 dB. This is because the link imbalance has effect on the accuracy of the power control in each link. Since the downlink power control is performed after combining 2 links, the power control in a link with larger Ior/Ioc will be more accurate than in a link with smaller Ior/Ioc. 
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(a) 1 repetition in TTI                                         (b) 3 repetitions in TTI
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(c) 60 repetitions in TTI

Figure 2. ACK/NACK performance in SHO according to Ioc/Ior

Figure 3 shows required Tx Ec/Ior according to the Ior/Ioc values for test Node B when Requirement Set 1, which is used in non-SHO case,  is applied to the ACK/NACK performance of test Node B. According to the Figure 3, Transmission power requirement for a link with smaller link gain in active set is very large. For CDM mode, required transmission power for NACK with Ior/Ic of –6 dB is over 30% of the total Node B transmission power, which is not realisable in real field. For DPCH puncturing mode, the ACK/NACK detection performance requirements can never be met in case of unfavourable link imbalance environments.
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(a) 1 repetition in TTI                                              (b) 3 repetitions in TTI  
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(c) 60 repetitions in TTI

Figure 3. Required ACK/NACK Tx Ec/Ior in SHO (with Requirement Set1)

3.3 Further considerations in SHO case

In soft handover case, the requirements for the ACK/NACK performance in each radio link will be different from the requirements for the overall ACK/NACK performance in system. In this section, a rough analysis on the required ACK/NACK transmission power at the system point of view is presented. In behalf of convenience, following notations are defined:

Prlink{N}: The probability that a Node B in active set transmits NACK

Prlink{N|A}: The probability that UE misinterpret ACK from a Node B as NACK

Prlink{A|N}: The probability that UE misinterpret NACK from a Node B as ACK

, where all the radio links in active set is assumed to be balanced.

When there are 2 Node Bs in active set, uplink E-DCH transmission can be regarded successful if any one of both Node Bs transmits ACK. Therefore, the erroneous case of misinterpreting ACK as NACK at the system point of view consists of the following two events: 

Event 1. {Both Node Bs transmit ACK} ( {UE detects NACK from both Node Bs} 

Event 2. {One Node B transmits ACK and the other Node B transmits NACK} ( {UE detects NACK from both Node Bs} 

After some manipulation, one can obtain the probability of erroneous case of misinterpreting ACK as NACK at the system point of view as follows:
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(eq. 1)

Secondly, when there are 2 Node Bs in active set, uplink E-DCH transmission can be regarded as failed if both Node Bs transmits NACK. Therefore, the erroneous case of misinterpreting NACK as ACK at the system point of view consists of the following two events:

Event 1. {Both Node Bs transmit NACK} ( {UE detects ACK from both Node Bs} 

Event 2. {Both Node Bs transmit NACK} ( {UE detects ACK from one Node B and NACK from the other Node B} 

After some manipulation, one can obtain the probability of erroneous case of misinterpreting NACK as ACK at the system point of view as follows:
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Prlink{N} can be regarded equal to the BLER in E-DCH packet at a Node B. If the BLER after selection combining in RNC is managed typically at 10-2, Prlink{N} for each link would be 10-1. Then, by (eq. 1), (eq. 2), and the restrictions, Prsystem{NACK|ACK}<10-2 and Prsystem{ACK|NACK}<10-3, new requirements for the ACK/NACK signaling performance for each radio link in 2-way SHO can be obtained as follows:

Prlink{A|N} < 0.0005

Prlink{N|A} < 0.046

In convenience, these requirements are denoted by ‘Requirement Set 2’. Table 3 compares the required Tx Ec/Ior values for ACK/NACK signaling between non-SHO case and SHO case, where Requirement Set 1 or Requirement Set 2 are applied to each link in active set. As shown in the table, required transmission power for ACK signaling in SHO is much smaller with Requirement Set 2 than with Requirement Set 1, and the reverse is true for NACK signaling. However, Requirement Set 2 is based on simple assumptions on the E-DCH performance and more practical investigation would be needed further.

Table 3. Comparison of required ACK/NACK Tx Ec/Ior values (Ior/Ioc = 0 dB)

	
	Required Tx EcIor, non-SHO
	Required Tx Ec/Ior, 2-way SHO, with Requirement Set 1
	Required Tx Ec/Ior, 2-way SHO, with Requirement Set 2

	
	ACK
	NACK
	ACK
	NACK
	ACK
	NACK

	1 repetition
	-14.6 dB
	-11.6 dB
	-6.9 dB
	2.6 dB
	-13.9 dB
	5.8 dB

	3 repetitions
	-19.3 dB
	-16.6 dB
	-11.9 dB
	-3.4 dB
	-18.1 dB
	-0.8 dB

	60 repetitions
	-32.7 dB
	-29.6 dB
	-25 dB
	-16.2 dB
	-31.8 dB
	-12.1 dB


4. Conclusions
Performance of ACK/NACK signaling in E-DCH was investigated in the aspect of required transmission power. Required transmission power with small number of ACK/NACK symbol repetition was very large, especially in SHO case. In SHO case, required transmission power for a link with smaller link gain increased significantly as the average link imbalance increased, and typical performance requirements was not achievable with small number of ACK/NACK symbol repetition. In addition, difference between ACK/NACK performance requirements in SHO for each radio link and overall system was considered. The restriction to ACK-to-NACK error rate for each link was looser than system requirement and the restriction to NACK-to-ACK error rate for each link was tighter than system requirement. Further investigation on the relationship between link requirements and system requirements would be needed.
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