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1. Introduction

In the hybrid ARQ for enhanced uplink, Node B should be able to transmit 1 bit ACK/NACK signal to each UE every TTI. Several options have been considered for the ACK/NACK signaling channel, that is, puncturing of downlink DPCH or creating new downlink OVSF code channels. In case of creating new code channel, multiple UEs may share one code channel within one TTI in TDM manner or in CDM manner using orthogonal code by symbol level [1]. As another issue, TTI length may also have an effect on the selection of the ACK/NACK signaling method. This paper presents the simulation results on the transmit power requirement for ACK/NACK signaling and discusses on the ACK/NACK signaling method. In addition, this paper discusses on the TFC signaling strategy for E-DCH in the aspect of the frequency of the downlink ACK/NACK signaling.

2. Transmit power requirements for downlink ACK/NACK signaling

This section provides the simulation results on the required transmit power for ACK/NACK signaling in cases of non-soft handover and soft handover. ACK/NACK signaling configurations considered in the simulation are as follows.

Downlink DPDCH puncturing (or New code channel & TDM within a TTI)

· SF = 128, TTI = 2 ms, symbol repetition = 3

· SF = 128, TTI = 10 ms, 15 symbol repetition = 15

New code channel & CDM within a TTI using orthogonal codes by symbol level

· SF = 128, TTI = 2ms, symbol repetition = 60

· SF = 128, TTI = 10 ms, symbol repetition = 300

In case of soft handover, following two ACK/NACK signaling strategies are considered.

- Independent ACK/NACK signaling from all the Node Bs in active set 

- ACK/NACK signaling from only one Node B in active set 

In case of ACK/NACK signaling from all the Node Bs in active set, 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. 

In any cases, the restriction to the ACK-to-NACK and NACK-to-ACK error rates are assumed to be 1 % and 0.1 %, respectively. Detailed simulation assumptions are described in Table 1.

Table 2 to Table 5 show the required transmit power for ACK/NACK signaling. In the tables, ‘higher Ior/Ioc’ and ‘lower Ior/Ioc’ indicates the performance when ACK/NACK is signalled from the link with higher Ior/Ioc only and the link with lower only, respectively, and ‘overall’ represents the overall performance in case of ACK/NACK signaling from all the Node Bs in active set, where transmit Ec/Ior is averaged over Node Bs in active set. Note that the transmit Ec/Ior values in the results exceeding 0 dB are impossible. In the tables, the cases that 1 ACK/NACK signaling requires more than 10 % Node B transmit power are highlighted since it seems impractical in realistic implementations.

It should be noted that the results show similar behaviour as was shown in [2]. As shown in the results, TDM (or puncturing) approach requires excessive transmit power in many cases with both TTI lengths of 2 ms and 10 ms. With CDM approach, there are still impractical cases, however, the power requirements in most cases with 10 ms TTI are very small and acceptable. Therefore, CDM approach with 10 ms TTI may need to be considered at the point of ACK/NACK signaling. 

These results assume ideal channel estimation, therefore, the power requirements will be larger with realistic channel estimation. Moreover, there may be additional unfavourable conditions such as larger power imbalance between active set cells, three way SHO, etc. However, further reduction of ACK/NACK transmission power may be possible, for example, by some receiver implementation as presented in [2] or ACK/NACK repetition already introduced in HSDPA. In addition, multiple cells in softer handover with a UE may transmit the same ACK/NACK signal to the UE to reduce the ACK/NACK transmit power by macro diversity (The same strategy may be applied to the downlink signaling of scheduling assignment when only 1 cell among active set cells is a scheduling entity). 

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 (3km/hr), Pedestrian B (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

	Soft handover
	Non-SHO, 2-way


Table 2: ACK/NACK Tx Power, TTI=2 ms, 3 symbol repetitions

	Channel Model
	SHO (Link imbalance in dB)
	Tx Ec/Ior [dB], overall
	Tx Ec/Ior [dB], 

lower Ior/Ioc
	Tx Ec/Ior [dB], 

higher Ior/Ioc

	
	
	ACK
	NACK
	ACK
	NACK
	ACK
	NACK

	Flat  fading,

 3km/h
	Non-SHO
	-12.3
	-9.3
	
	
	
	

	
	2-way (0)
	-13.9
	> 0
	-11.5
	-0.5
	-11.5
	-0.5

	
	2-way (6)
	-6.4
	> 0
	-4.7
	> 0
	-17.3
	-12.3

	Ped B, 3km/h
	Non-SHO
	-19.2
	-16.5
	
	
	
	

	
	2-way (0)
	-22.2
	-12.7
	-18.3
	-14.1
	-18.3
	-14.1

	
	2-way (6)
	-15
	> 0
	> 0
	> 0
	-22.2
	-20


Table 3: ACK/NACK Tx Power, TTI=10 ms, 15 symbol repetitions

	Channel Model
	Link imbalance [dB]
	Tx Ec/Ior [dB], overall
	Tx Ec/Ior [dB], 

lower Ior/Ioc
	Tx Ec/Ior [dB], 

higher Ior/Ioc

	
	
	ACK
	NACK
	ACK
	NACK
	ACK
	NACK

	Flat  fading,

 3km/h
	Non-SHO
	-20
	-17.8
	
	
	
	

	
	2-way (0)
	-26.1
	-8.8
	-19.1
	-10.6
	-19.1
	-10.6

	
	2-way (6)
	-18
	> 0
	-11.4
	-3.5
	-24.7
	-20

	Ped B, 3km/h
	Non-SHO
	-26
	-23.2
	
	
	
	

	
	2-way (0)
	-29.2
	-19.7
	-25.1
	-20.7
	-25.1
	-20.7

	
	2-way (6)
	-22.7
	> 0
	-20
	> 0
	-29.3
	-27


Table 4: ACK/NACK Tx Power, TTI=2 ms, 60 symbol repetitions

	Channel Model
	Link imbalance [dB]
	Tx Ec/Ior [dB], overall
	Tx Ec/Ior [dB], 

lower Ior/Ioc
	Tx Ec/Ior [dB], 

higher Ior/Ioc

	
	
	ACK
	NACK
	ACK
	NACK
	ACK
	NACK

	Flat  fading,

 3km/h
	Non-SHO
	-25.7
	-22.5
	
	
	
	

	
	2-way (0)
	-31.8
	-12.3
	-25
	-15.5
	-25
	-15.5

	
	2-way (6)
	-24.2
	-1
	-16.3
	-6.7
	-32
	-23.7

	Ped B, 3km/h
	Non-SHO
	-32
	-29.2
	
	
	
	

	
	2-way (0)
	-35.4
	-26
	-31
	-27
	-31
	-27

	
	2-way (6)
	-27.8
	-15.4
	-26.2
	-21.2
	-35.6
	-32.2


Table 5: ACK/NACK Tx Power, TTI=10 ms, 300 symbol repetitions

	Channel Model
	Link imbalance [dB]
	Tx Ec/Ior [dB], overall
	Tx Ec/Ior [dB], 

lower Ior/Ioc
	Tx Ec/Ior [dB], 

higher Ior/Ioc

	
	
	ACK
	NACK
	ACK
	NACK
	ACK
	NACK

	Flat  fading,

 3km/h
	Non-SHO
	-32.7
	-30.2
	
	
	
	

	
	2-way (0)
	-33
	-22.7
	-32.6
	-25.6
	-32.6
	-25.6

	
	2-way (6)
	-30
	-10
	-25.8
	-16.4
	-38.8
	-33.5

	Ped B, 3km/h
	Non-SHO
	-39
	-36.6
	
	
	
	

	
	2-way (0)
	-42
	-33
	-38.7
	-34.4
	-38.7
	-34.4

	
	2-way (6)
	-35.4
	-21.6
	-33.9
	-28.5
	-42.7
	-39.3


3. Frequency of downlink ACK/NACK signaling
Since the portion of the Node B transmit power used by ACK/NACK signal can be significant, it is also important to minimize the unnecessary transmission of ACK/NACK signal. ‘Unnecessary’ ACK/NACK signaling will happen when a UE doesn’t transmit E-DCH packet in uplink but Node B doesn’t know the absence of the uplink packet, where Node B tries to decode the vacant frame and most likely transmits NACK to the UE. This behaviour can be mitigated if Node B can detect the absence of the uplink packet transmission. The detection of the absence/presence of the uplink packet may be related to the uplink (E)TFCI transmission strategy. There are several possibilities as follows:

Option 1) (E)TFCI indicating ‘no data’ is transmitted when there is no uplink packet transmission (Reuse of Rel5 TFCI also implies this option).

Option 2) (E)TFCI with CRC is transmitted only when there is uplink packet transmission so that Node B can detect the absence/presence of the uplink packet by checking CRC checksum.

Option 3) (E)TFCI is transmitted only when there is uplink packet transmission. Node B detects the absence/presence of the uplink packet by energy detection without help of (E)TFCI.

With option 3, no additional energy is required in transmitting (E)TFCI, but the probability of correct detection at Node B may be insufficient since it would be difficult to decide on an appropriate detection threshold when various TFCs are possible. Therefore, making use of (E)TFCI is preferable solution as in option 1 or option 2. Between option 1 and option 2, option 2 seems to be preferable since uplink interference and UE battery consumption can be reduced with option 2. However, option 1 may be used if Rel5 TFCI can be reused or the uplink bandwidth for the transmission of CRC attached to (E)TFCI is not available.

4. Conclusions

The transmit power requirement for ACK/NACK signaling was analyzed and the frequency of ACK/NACK signaling related to the (E)TFCI was discussed. Considering practical Node B power usage, ACK/NACK transmission with CDM approach and 10 ms TTI are preferable. It is also preferable to have a (E)TFCI signaling scheme that enables Node B to detect the absence of the uplink packet to reduce the unnecessary ACK/NACK signaling.
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