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1. Introduction

Hybrid Automatic Repeat reQuest (HARQ) schemes are considered an implicit link adaptation method for HSDPA [1]. In HARQ, link layer acknowledgements are used for re-transmission decisions, which show the link quality of channel conditions. In general ARQ schemes, binary control signalling is only considered as acknowledgements for uplink. In [2], HARQ with multilevel control signalling is proposed as the approach of escape for performance enhancement. In this paper, HARQ scheme with multilevel signalling is described and its performance results are investigated.

2. HARQ scheme with multilevel control signalling

Generally, multiple bits are assigned for acknowledgements control signalling in order to guarantee BER. Thus, multilevel control signalling can be constructed with such multiple bits. For example, if two bits are allocated, 3-level control signalling may consist of:

· 11: ‘ACK’
· 00: ‘NAK’
· 01 (or 10): ‘NAK with control’
where ‘NAK with control’ indicates channel conditions as well as ‘NAK’.

Here, we assume that ‘NAK with control’ signalling be applied to scheduling functions. When Node B receives ‘NAK with control’, the scheduler in Node B makes the retransmission halted for a predetermined period, and allocates the resource to any other packets of UEs.

2.1 simulation environments

2.2.1. 3-level control signalling

	Uplink signal frame
	
	3 slots

	Received antenna
	AWGN channel
	1

	
	Rayleigh fading channel
	2

	Ec/No
	
	-25dB

	Doppler frequency
	
	5.5Hz


2.2.2. HARQ with 3-level control signalling

The assumptions for simulation are summarized as follows:

· Perfect channel estimation for packet demodulation is assumed.

· One-path Rayleigh fading channel is assumed

· After receiving uplink control signals, Node-B can perform a retransmission process or a new-packet transmission process immediately. That means the minimum time interval between retransmissions is just one TTI.

· We fix the maximum durable time delay of overall retransmission processes for one packet to a fixed value. If a packet cannot be decoded correctly even though it reaches this time delay, it decided as the frame error on a physical layer.

· There are so many UEs that other UE packet can served if there is time gap between retransmissions for a particular UE. 

· After overall retransmission processes for one packet, the channel parameters for a next packet are regenerated.

· SIR measurement for ‘NAK with control’ is obtained by averaging just the received packet signals.

	Parameter
	Explanation
	Comments

	AMC 
	QPSK 1/2-rate coding

QPSK 3/4-rate coding

16QAM 1/2-rate coding

16QAM 3/4-rate coding
	

	TTI 
	3 slots
	

	HARQ method
	Single channel SAW
	

	Combining method
	Chase combining
	

	Time delay between retransmission
	1 packet duration
	For the suggested scheme this can be changed

	Maximum durable time delay
	90 slots
	Variable

	Number of codes for HSDPA
	1
	

	Spreading factor
	32
	

	Ec/Ior
	-1dB
	

	Antenna diversity
	No
	

	STTD
	Off
	

	Doppler frequency
	5.5, 55
	Variable

	rest interval for 3-level signalling
	6, 10, 16, 20 slots
	Variable 

	Simulated packet number
	100,000 packets
	


2.2 performance results

2.2.1. 3-level control signalling

	
	Bit/slot
	2
	4
	6

	Gaussian
	2-level
	6.134503e-002
	1.403263e-002
	3.921883e-003

	
	3-level, False detection
	1.552620e-001
	6.584399e-002
	3.063214e-002

	
	3-level, False alarm
	8.270744e-002
	3.389602e-002
	1.511720e-002

	Fading, Fd=5.5
	2-level
	4.772295e-002
	1.830825e-002
	8.298422e-003

	
	3-level, False detection
	1.149342e-001
	5.319149e-002
	2.916891e-002

	
	3-level, False alarm
	6.188534e-002
	2.778194e-002
	1.477833e-002


2.2.2. HARQ with 3-level control signalling

The following three figures show the spectral efficiency under the assumption that the transmitted control signals via uplink are perfectly demodulated. Since it sets the maximum delay is to 90 slots, 30-packet duration, the maximum number of retransmission for conventional hybrid ARQ scheme is 15 for figure 1, and 5 for figure 2. From the results not shown in this documents, it shows best performance to set the retransmission interval, ‘i’ notation in the figures, to 6. If it set the retransmission interval is set to 1-packet length, the gain of the suggested algorithm is up to 2dB. Even though it set the retransmission interval is set to optimal length, a 6-packet length, the hybrid ARQ method with the suggested scheme shows 0.5-dB gain. From the results of figure 3, the gain of the suggested scheme is little as the Doppler frequency increases. This tendency is because the channel situation changes so fast during the total retransmission session that it can go good situation fast even it is in bad condition at certain time. Figure 4 shows the spectral efficiency with the simulation of uplink signalling. The performance of uplink signalling is discussed in the previous section already. Considering the BER-increasing effect of uplink signalling, the hybrid ARQ system with the suggested scheme shows higher performance.
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Figure 1. Fd=5.5Hz, max delay = 90slots, single channel, perfect uplink signalling, initial interval = 1 packet length, rest interval = 10 packet length
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Figure 2. Fd=5.5Hz, max delay = 90slots, single channel, perfect uplink signalling, initial interval = 5 packet length, rest interval = 10 packet length
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Figure 3. Fd=55Hz, max delay = 90slots, single channel, perfect uplink signalling, initial interval = 1 packet length, rest interval = 10 packet length 
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Figure 4. Fd=5.5Hz, max delay = 90slots, single channel, perfect uplink signalling, initial interval = 2 packet length, rest interval = 10 packet length 
3. Considerations

For further investigations, several aspects can be considered as follows.

· UE measurement report vs. multilevel control signalling

· The effect of delay interval

3. Conclusions

With multilevel control signalling, the spectral efficiency is improved. Therefore, the performance of HARQ can be improved by employing the multilevel control signalling for scheduling functions. Multilevel control signalling can be applied in various ways, in which power ramping can also be included.
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