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1. Introduction

The strategy of downlink ACK/NACK signaling in E-DCH should be selected carefully since the reliability of ACK/NACK signaling would have significant effects on the performance of HARQ. There are several main issues in designing ACK/NACK signaling, that is, modulation method, multiple access method and operation in soft handover. In this paper, we discuss each issue and propose some principles in the ACK/NACK signaling.

2. CDM or TDM

ACK/NACK signals for multiple UEs may be multiplexed within one or several downlink OVSF code channels. In general there are two options of this multiplexing, that is, CDM approach and TDM approach. In the CDM approach, ACK/NACK signals for different UEs in a same OVSF code channel can be discriminated by orthogonal coding by symbol level as in AICH, which was proposed in [1][2]. In the TDM approach, ACK/NACK signals for different UEs within a same OVSF code channel are allocated to different time slots within a TTI. 

To observe the efficiency of each option, we assume power allocation for the ACK/NACK signaling channels should be kept smaller than 5 % of the total Node B transmit power, which means Ec/Ior value below –13 dB. We also assume on the average 4 ACK/NACK signals are transmitted at the same time. In such case, 4 times of the transmit power of individual ACK/NACK signaling will be needed with a CDM approach while the required transmit power with a TDM approach is kept same with that for the individual ACK/NACK signaling. 

Table 1. Required Tx Ec/Ior to transmit 4 simultaneous ACK/NACK signals (detailed simulation assumptions can be found in [3])

	Channel Model
	SHO status (Link imbalance [dB])
	Required Tx Ec/Ior [dB]

	
	
	2 ms TTI
	10 ms TTI

	
	
	TDM (20 UEs per TTI )
	CDM
	TDM (20 UEs per TTI )
	CDM

	
	
	ACK
	NACK
	ACK
	NACK
	ACK
	NACK
	ACK
	NACK

	Flat  fading,

3km/h
	Non-SHO
	-12.3
	-9.3
	-19.7
	-16.5
	-20
	-17.8
	-26.7
	-24.2

	
	2-way (0)
	-13.9
	> 0
	-25.8
	-6.3
	-26.1
	-8.8
	-27
	-16.7

	
	2-way (6)
	-3.4
	> 0
	-15.2
	> 0
	-15
	> 0
	-21
	-1

	Ped B, 3km/h
	Non-SHO
	-19.2
	-16.5
	-26
	-23.2
	-26
	-23.2
	-33
	-30.6

	
	2-way (0)
	-22.2
	-12.7
	-29.4
	-20
	-29.2
	-19.7
	-36
	-27

	
	2-way (6)
	-12
	> 0
	-18.8
	-6.4
	-19.7
	> 0
	-26.4
	-12.6


Table 1 shows the required Tx Ec/Ior values for ACK/NACK signaling where 4 simultaneous ACK/NACK transmissions and BPSK modulation are assumed. As shown in the table, the required transmit power with TDM mode is excessive in most environments even though only 20 UEs are multiplexed within a TTI while CDM mode with 10 ms TTI can support reliable signaling in most environments. It should be also pointed out that with CDM approach and 2 ms TTI, 28 (SF=256) or 60 (SF=128) ACK/NACK channels may be multiplexed within 1 OVSF code channel by use of the Hadamard sequence and maybe more ACK/NACK channels with 10 ms TTI. Considering QPSK, CDM approach with 2 ms TTI may be able to allocate 56 (SF=256) or 120 (SF=128) ACK/NACK channels within one OVSF code channel and maybe more with 10 ms TTI, so, shortage of downlink OVSF codes will not be such a problem with the CDM mode ACK/NACK transmission. Therefore, multiplexing ACK/NACK channels with CDM approach is preferable.
3. BPSK or OOK

Two kinds of modulation schemes for ACK/NACK signaling have been discussed, that is, BPSK and OOK. In [4], required SNR for ACK/NACK signaling in the two cases were compared by an analytic method. We quote the results in Table 2. As shown in the table, required peak power for ACK/NACK signaling with OOK is higher than that with BPSK by 3~5 dB and one can expect that this gap would increase in fading channel environments. Considering the error restrictions of Pa < 10-2 and Pn < 10-3, one can calculate roughly that average transmit energy with BPSK is smaller than that with OOK as long as the BLER of the first transmit packet is below 71%. Therefore, BPSK modulation of ACK/NACK signaling has clear gain over OOK. 

However, OOK has benefits when transmit power for the downlink ACK/NACK channel is not sufficient, which is most likely to be the case in SHO situation. It is well known that reception error of NACK signal is more critical to the system performance than that of ACK signal. With OOK, Node B simply turns off the transmit power of the downlink ACK/NACK channel when it detects a E-DCH packet error so that the performance of NACK signal is not effected by the ACK/NACK transmit power. Therefore reliable detection of NACK signal is guaranteed even when the downlink channel is unstable and ACK/NACK transmit power at Node B is insufficient.

Considering all these pros and cons of two modulation schemes, it would be desirable making it possible to select between BPSK and OOK according to the operating point of HARQ and the link status of each UE. As a conclusion, we propose to define different transmit power offset between ACK and NACK as in HSDPA for efficient Node B power utilization and to add ‘DTX’ option to the NACK power offset for the possible configuration of OOK.

Table 2. Comparison of the required SNR values between BPSK and OOK (quoted from [4])

	Pa
	Pn
	NACK Eb/Nt

(dB)
	ACK Eb/Nt

(dB)

	
	
	BPSK
	OOK
	BPSK
	OOK
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4. Operation in SHO

To obtain macro diversity for the uplink E-DCH of the UEs in soft handover, it is necessary all the Node Bs in active set transmit ACK/NACK.  UEs may detect the downlink ACK/NACK signals by ‘or-ACK law’, that is, decide on ACK if ACK is detected from any of  the Node Bs.

Macro diversity for the downlink ACK/NACK channel of the UEs in softer handover can be obtained by the cells in softer handover transmitting the same ACK/NACK signals and the UE soft-combining those ACK/NACK signals. For this operation, uplink E-DCH packets received by multiple cells in softer handover may be soft-combined so as to only one ACK/NACK result is generated.

5. Proposals
In summary, we propose the following principles as the method of downlink ACK/NACK transmission for E-DCH.

· Multiple access: 

- CDM mode with symbol level encoding by orthogonal sequences.

· Modulation:

- Supporting BPSK and OOK at the same time

· Operation in SHO:

- All the cells in active set transmit ACK/NACK

- Employing or-ACK law in soft handover

- Employing soft combining in softer handover 
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