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1 Introduction
Hybrid ARQ is an efficient technique used both in HSDPA and in enhanced uplink. The data receiver (UE in HSDPA or Node B in EUL) sends ACK/NACK feedback to the data transmitter (Node B in HSDPA or UE in EUL) after it receives a data packet. In HSDPA, the ACK/NACK signaling is power controlled by setting a semi static power offset to UL DPCCH. The power offset is signaled by higher layers. A similar scheme can be used in EUL, except that the offset may be related to DL DPCH. 
Simulation results show that a large transmission power would be required to achieve acceptable error rate on the ACK/NACK signaling [1] [2]. Thus, it is desirable to minimize the power consumption of ACK/NACK signaling. On the other hand, simulation results show that the required power offset may vary a lot for different channel conditions [2]. Because of that, it is difficult to choose a suitable fixed power offset under changeable environments.  

In order to resolve the above-mentioned problems, in this document we propose an adaptive power offset control method of ACK signaling for EUL. In Section 2 we describe the power control scheme for ACK in EUL. In Section 3 we present some performance evaluation results. In Section 4, we briefly discuss the operation of the proposed power control algorithm in the soft-handover (SHO) situation. Finally, in Section 5 we summarize some conclusions. The corresponding text proposals for TS25.309 and TS25.808 are given in the Annex A and Annex B.
2 Proposed power control scheme                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
In EUL, Node B detects the received data every TTI. If Node B correctly decodes the coded data, it sends ACK to the UE. Otherwise, it sends NACK to the UE. The UE detects the ACK/NACK signaling from Node B. If it receives ACK, it will send new data in next TTI. If it receives NACK, it will retransmit the old data in next TTI. A new data indicator (NDI) is used to inform Node B whether the data is old or new. The NDI transmission is more reliable than ACK/NACK signaling, which could be used for ACK/NACK error detection, as it will be shown in the sequel.

If ACK is misinterpreted as NACK in the UE, Node B will receive old data in the next TTI in the same HARQ process although it is expected to receive new data. If NACK is misinterpreted as ACK in the UE, Node B will receive new data although it is expected to receive retransmission data. Thus, from the previous transmitted ACK/NACK signaling and the current received NDI, Node B can deduce whether the UE has correctly interpreted the previous ACK/NACK message. As shown inTable 1, Node B can deduce whether the previous ACK/NACK signaling is misinterpreted or not by comparing the previous ACK/NACK and the current NDI.
Table 1 ACK/NACK error deduced from NDI
	Previous TTI
	Current TTI

	
	New data
	Old data

	ACK
	No error
	Error

	NACK
	Error
	No error


Based on the deduced ACK error detection, Node B can adjust the power offset of ACK/NACK signaling. The ACK/NACK power offset should be set so that the information BER is lower than a prescribed BER target. This process resembles the outer loop power control process in WCDMA, where a SIR target is set to ensure a certain block error rate. A method for SIR target control based on block error detection was presented in [3]. A similar scheme for ACK/NACK power control based on the ACK/NACK signaling error detection can be defined as follows:
The power offset for ACK/NACK is increased by δ1 dB as soon as an ACK/NACK detection error has occurred. The power offset for ACK/NACK is decreased by δ2 dB after N consecutive error-free ACK/NACK transmissions since last change of the power offset. 
The power offset is thus set adaptively by Node B, without any additional signaling. When Node B sets the power offsets of multiple UEs simultaneously, it should also consider the available power resources to decide the final power offset of each UE. 
The proposed power control scheme is primarily attractive for the power control of ACK signal, because the NACKs are transmitted less often than the ACKs, and the required BER of NACK is much lower than that of ACK. Thus, the adaptation process of NACK would converge very slowly. In the following section, we will show the simulation results based on the proposed scheme.  
3 Simulations
The adaptive power offset control method has been applied only to ACK signal in the simulations. We have also simulated the fixed power offset method as comparison.
3.1 Simulation assumptions
We will now show that the adaptive power offset method will guarantee the BER to be below a pre-defined value. Consider first the case of N=1. Each error will give a positive power offset jump and each correctly detected ACK will cause a negative jump. In steady-state the average change in power offset is zero, i.e.  αδ1-(1-α)δ2=0, where α is the bit error rate [3]. Hence the BER will be 
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When N  > 1, N consecutive error-free transmissions will result in a negative power offset jump, the negative power offset change per transmission is then in average δ2/N  dB. However, if an error occurs before the number of consecutive error-free transmissions has reached N, those error-free transmissions will result in a decrease of the power offset. As a result the average negative change can be expressed as -(1-α)kδ2/N, where 0<k<1. If δ2 is small compared to δ1 there will be several negative power offset jumps for each error. Hence, most error-free transmissions will contribute to a negative power offset jump, so k will be close to 1. The equation for the average power offset change becomes αδ1-(1-α)kδ2/N =0 from which we deduce an upper bound for the bit error rate:
α <
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In the simulations we select the positive power offset jump to be 1 dB (δ1 =1). In order to assess the impact of the number of error-free transmissions before a negative power offset jump on the average transmitted power, two values of N  are used in the simulations: N=1 and N=25. We assume the BER target of ACK is 1% and select δ2=0.01 (for N=1) and δ2=0.25 (for N=25) in the simulations which gives a BER slightly less than the BER target.  
In the simulations, ACK is transmitted once every TTI.  Simulation parameters are given in Table 2.
Table 2 Simulation parameters
	Simulation parameter
	Assumption

	Inter-path interference
	Neglected

	Closed loop power control
	ON

	UL TPC error rate
	4 %

	DL TPC error rate
	4 %

	Delay for closed loop power control
	2 slots

	Delay for ACK power offset adjustment
	1 TTI

	Simulation length
	106 transmissions 


3.2 Simulation results
For the fixed power offset method, the fixed power offset values are obtained from pre-simulations and selected such that the ACK BER is just equal to the BER target 1% for each propagation channel. These optimum fixed values are shown in Table 3 below. 
Table 3 Optimum fixed power offset values
	Propagation channel
	Ped. A 3 km/h
	Ped. A 10 km/h
	Veh. A 30 km/h
	Veh. A 120 km/h

	Optimum fixed power offset value (dB)
	3.0
	3.9
	3.2
	3.5


From Table 3 we see that the optimum fixed power offset depends on the propagation channel. In a cell the propagation channel for a UE is in general not known in advance and therefore the optimum offset is not known. A straightforward way to set the fixed power offset is to evaluate optimum power offsets for a set of possible propagation channels in the cell and select the highest offset. For the set of channels shown in Table 3, the highest offset is found for Pedestrian A at 10 km/h (3.9dB).    

The adaptive power offset method is compared with the fixed power offset method in terms of the resulting average transmit Eb/No. For the fixed power method the simulations were carried out for the optimum power offset for each propagation channel, as well as for the fixed (highest) offset for all channels. The average transmit Eb/No for ACK is shown in Table 4, assuming a channel path loss of 0 dB.
Table 4 Average ACK transmit Eb/No
	Propagation channel
	Average transmit Eb/No for ACK (dB)

	
	Fixed power offset method
	Adaptive power offset method

	
	Optimum offset
	Highest offset
	N=1
	N=25

	Ped. A 3 km/h
	12.7
	13.6
	12.8
	12.9

	Ped. A 10 km/h
	13.8
	13.8
	14.4
	14.4

	Veh. A 30 km/h
	13.4
	14.1
	13.5
	13.5

	Veh. A 120 km/h
	14.6
	15.0
	14.9
	15.1


We observe from Table 4 that the adaptive power offset method depends very little on the parameter N and gives 0.1-0.6 dB higher average transmission power than the fixed power offset method with optimum offset. However, compared to the fixed power offset method using the highest offset, the adaptive power offset method has equal (Veh. A 120 km/h) or lower average transmission power in all but one case. If the same quantisation step for the power offset were used in EUL as in HSDPA, which is approximately 2 dB, the average transmission power for the fixed power offset method would be even higher.
Summarily, the simulations show that 

1. Extra transmission power needed for the adaptive power offset method is low compared to that needed for the fixed power offset method with optimum offset.
2. The average transmission power needed for the proposed method is in several cases lower than the average power used for the worst case fixed power offset. If a significant quantisation step for power offset were used in EUL as in HSDPA the proposed method would have even lower power compared to the fixed power offset method. 
4 Operation in soft-handover situation
In SHO, it is expected that several Node Bs send independent ACK/NACKs to the UE. The UE decides to transmit a new data block or retransmit an old one in subsequent transmission by an ‘or-ACK’ rule. That is, if any Node B sends ‘ACK’, the UE will decide to transmit new data. If all Node Bs send ‘NACK’, the UE will decide to retransmit the old one. Therefore, if one Node B sends ‘ACK’, it will expect the UE to transmit a new data block, although it does not know what other Node Bs’ ACK/NACK signals are. However, if more than  one Node Bs transmit ‘ACK’ and one Node B’s ACK is misinterpreted, the UE’s decision will not be impacted and it will transmit a new data block in the subsequent transmission. Thus, this Node B will not detect its ACK transmission error. However, we ensure that at least one Node B can detect correctly. On the other hand, if a Node B sends ‘NACK’, it will not know what decision the UE will take, if it does not know other Node Bs’ ACK/NACK signals. 

5 Conclusion
In this contribution, we have proposed a method for adaptive control of ACK signal power offset. We have demonstrated that this solution is better than a fixed power offset method, in the sense of simplicity and power consumption. Thus, we recommend that:
The ACK signaling is power controlled by setting an adaptive power offset to DL DPCH. The power offset is adjusted by Node B based on the ACK  error detection, deduced from  the received NDI.
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Annex A: Text proposals for TS 25.309
11.2 Downlink signalling parameters
11.2.x  ACK/NACK signaling power offset
The ACK/NACK signaling is power controlled by setting an adaptive power offset to DL DPCH. The power offset is adjusted by Node B based on the ACK error detection, deduced from the received NDI.
Annex B: Text proposals for TR 25.808
11 Physical layer procedures
11.x  ACK/NACK power control
The ACK/NACK signaling is power controlled by setting an adaptive power offset to DL DPCH. The power offset is adjusted by Node B based on the ACK error detection, deduced from the received NDI.
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