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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 reduced latency. Several analyses on the ACK/NACK signaling performance including soft handover case have been presented in last meeting [2][3][4]. However, the performance results in soft handover were shown for each link in active set, which is not overall performance considering all the links in active set. Hence, we investigate the overall performance of ACK/NACK signalling in soft handover. 

2. Simulation assumptions
In this contribution, 2-way soft handover is assumed. We assume that uplink E-DCH packet is successfully transmitted if any one of both Node Bs transmits ACK. Then, UE misinterpret ACK as NACK if any one of the following two events has occurred: 

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} 

We also assume that uplink E-DCH packet is not successfully transmitted if both Node Bs transmits NACK. Then, UE misinterpret NACK as ACK if any one of the following two events has occurred:  

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} 

We consider the TTI length of downlink ACK/NACK channel as 2 ms and 10 ms. For 2 ms TTI, we assume the ACK/NACK signalling as follows: 3 repetitions of ACK/NACK symbol per TTI for DPCH puncturing or TDM mode, and 60 repetitions of ACK/NACK symbol per TTI for CDM mode. For 10 ms TTI, we assume the ACK/NACK signalling as follows: 15 repetitions of ACK/NACK symbol per TTI for DPCH puncturing or TDM mode, and 300 repetitions of 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 for ACK/NACK channel
	2 ms/10 ms

	Spreading factor of ACK/NACK symbol
	128

	ACK/NACK symbol repetition in TTI
	3, 60 for 2 ms TTI 

15, 300 for 10 ms TTI 

	Channel environment
	Flat fading, 3 km/h

	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

	Soft handover
	2-way


3. Simulation results
In Figure 1 and 2, we present the overall ACK/NACK performance comparing to the performance of each link in active set. The overall ACK-to-NACK error has occurred when UE detects NACK if one or both Node Bs send ACK. The overall NACK-to-ACK error has occurred when UE detects ACK if both Node Bs send NACK. In both figures, AtN and NtA denote the overall ACK-to-NACK and NACK-to-ACK error, respectively. ‘Each’ in Figure 1 and 2 means the BER performance for ACK or NACK of each link in active set. From these results, we have following observations. We assume that the required overall ACK-to-NACK and NACK-to-ACK error rate are 1 % and 0.1 %, respectively.

· The required transmit power for NACK should be much higher than that for ACK to fulfil the error requirement. In some cases, the transmit power for NACK is impractical, e.g. transmit Ec/Ior > 0 dB.

· The ACK/NACK signaling in CDM mode shows better performance than that in TDM mode.

· For link imbalance of 0 dB, overall ACK-to-NACK error rate is improved compared to that of each link. On the other hand, overall NACK-to-ACK error rate is degraded compared to that of each link.

· As link imbalance is increased, overall ACK-to-NACK error rate and NACK-to-ACK error rate are degraded. In case of ACK/NACK signalling in 3 or 15 repetitions, the required transmit power for NACK is large for high link imbalance regardless of TTI length.  

· ACK/NACK signalling with TTI length of 10 ms shows better performance
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Figure 1. Overall ACK/NACK signalling performance comparing to the performance of each link in active set when TTI length of ACK/NACK of 2 ms is employed. (a) Link imbalance of 0 dB, (b) link imbalance of 3 dB, and (c) link imbalance of 6 dB.
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Figure 2. Overall ACK/NACK signalling performance comparing to the performance of each link in active set when TTI length of ACK/NACK of 10 ms is employed. (a) Link imbalance of 0 dB, (b) link imbalance of 3 dB, and (c) link imbalance of 6 dB.

In Figure 3 and 4, the required transmit power for ACK and NACK in soft handover based on the results in Figure 1 to 4 is shown. It is assumed that the transmit Ec/Ior value in Figure 3 and 4 denotes the transmit power averaged over Node Bs in active set. The required transmit power for NACK is much higher than that for ACK. Note that Ec/Ior value exceeding 0 dB is impractical. 
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Figure 3. Required transmit power for ACK/NACK in soft handover when TTI length of ACK/NACK channel of 2 ms is employed. 
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Figure 4. Required transmit power for ACK/NACK in soft handover when TTI length of ACK/NACK channel of 10 ms is employed. 
As shown in Figure 1 to 4, the transmit power for NACK is very high. To mitigate this situation, we may consider a threshold when UE detects ACK/NACK from Node Bs. For example, UE may detect ACK or NACK of a link only if SINR value of the link exceeds a threshold. We show the performance results for this threshold detection in Figure 5. In this case, 2 ms of TTI length for ACK/NACK signalling and 60 repetitions of ACK/NACK symbol are assumed. We assume that the overall ACK-to-NACK error rate and NACK-to-ACK error rate are 1 % and 0.1 %, respectively. Then, the required transmit power for ACK is increased as higher threshold value is employed. However, the required transmit power for NACK is decreased as higher threshold value is employed.
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Figure 5. Average transmit power of ACK/NACK according to link imbalance for various threshold values. (a) Required transmit ACK power for fulfilling the overall ACK-to-NACK error rate of 1 % and (b) required transmit NACK power for fulfilling the overall NACK-to-ACK error rate of 0.1 %.

4. Conclusions

We show the overall performance of ACK/NACK signalling for various link imbalance values in soft handover when TTI length of ACK/NACK channel is 2 ms and 10 ms. The required transmit power for NACK should be much higher than that for ACK. As link imbalance is increase, larger transmit power for ACK/NACK is required. This problem should be solved in the future. We propose the attached text proposal be included in the TR 25.896. 
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----------------------------------- start of the text ----------------------------------------------------

9.2.3
Downlink Signalling

9.2.3.x  Performance of ACK/NACK signalling in soft handover
This section provides required transmit power ACK and NACK in soft handover. It is assumed that an uplink E-DCH packet is successfully transmitted if any one of Node Bs in active set sends ACK. It is also assumed that an uplink E-DCH packet is not successfully transmitted if all the Node Bs in active set send NACK. The required overall ACK-to-NACK and NACK-to-ACK error rate are assumed to be 1 % and 0.1 %, respectively. The used simulation assumptions are described in Table 9.2.4. The results are shown in Figure 9.2.10 and Figure 9.2.11. Transmit Ec/Ior value in both figures denotes the transmit power averaged over Node Bs in active set. Note that the transmit Ec/Ior values in results exceeding 0 dB are impractical.
Table 9.2.4: Basic simulation assumptions

	TTI Length for ACK/NACK channel
	2 ms/10 ms

	Spreading factor of ACK/NACK symbol
	128

	ACK/NACK symbol repetition in TTI
	3, 60 for 2 ms TTI 

15, 300 for 10 ms TTI

	Channel environment
	Flat fading, 3 km/h

	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

	Soft handover
	2-way


[image: image10.wmf]0

1

2

3

4

5

6

-40

-30

-20

-10

0

10

20

Link Imbalance (dB)

Tx Ec/Ior

Tx Ec/Ior V.S. Link imbalance (2ms case)

ACK(60 rep)

NACK(60 rep)

ACK(3 rep)

NACK(3 rep)


Figure 9.2.10: TTI length of ACK/NACK channel = 2 ms
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Figure 9.2.11: TTI length of ACK/NACK channel = 10 ms

--------------------------------------------end of text -------------------------------------------------------------------








































































