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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, constant power level is only considered during retransmissions. In [2], HARQ scheme with power ramping is proposed as the approach of overcome for performance enhancement. In this paper, HARQ scheme with power ramping is described and its performance results are investigated.

2 HARQ scheme with power ramping

We assume that Pinit is power level for initial transmission and Pinc is incremental power offset. When a frame is retransmitted Nretrans times, the power level for Nretrans-th transmission becomes 
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When the transmission power reaches maximum value, the power level for next retransmission is maintained to be constant as the maximum value. When the frame is retransmitted successfully, the power level for the next transmission is initialised to Pinit. 

 2.1 Simulation environments

· Initial Ec/Ior for HS-DSCH (Pinit):  -4 dB (40 % of total transmit power)

· Maximum Ec/Ior for HS-DSCH: -1 dB (80 % of total transmit power)

· Incremental power offset (Pinc): 0.5 dB

· Maximum number of retransmissions: 10

· Combining method: Chase combining

· TTI = 3.33 ms

· Single code case

· No sttd

· Vehicle speed: 3 Km/h

· Number of successful transmissions: 5000 

· Four selected AMC sets are considered: L2, L3, L5, and L6

· A single path fading channel

· Perfect channel estimation

· Other simulation parameters are the same with those in [1]

2.2 Preliminary performance results

In tables 1-4, smaller number of transmissions between HARQ with No PR and with PR is notified in blue character and smaller total transmit power in red one. That is, HARQ scheme with blue and red one is preferable. With power ramping, it is shown that the number of transmissions and the total transmitted power for successfully transmitted 5000 frames get reduced in low Ior/Ioc region. If fading channel is under deep fade, the number of retransmissions increases continuously. In this case, increased power level makes retransmission successful with the reduced number of retransmissions. With power ramping, more power can be used to combat the severe channel condition effectively. Meanwhile, there exists trade-off between the number of transmissions and the total transmit power in higher Ior/Ioc region. That is, while the number of transmission reduces, the total transmit power increases. 

Table 1. Performance of power ramping for MCS level 2 (L2 = QPSK, 1/2) (Ntrans is total number of transmissions, Total tx power is total transmitted power for successful transmission of 5000 packets, No PR is no power ramping, and PR is power ramping).

	Ior/Ioc (dB)
	-9
	-4
	-2.5
	1

	
	No PR
	PR
	No PR
	PR
	No PR
	PR
	No PR
	PR

	Ntrans
	7381
	6840
	5554
	5434
	5372
	5319
	5172
	5150

	Total tx power
	406.1
	421.7
	946.8
	938.6
	1293.8
	1261.1
	2688
	2686.8


	Ior/Ioc (dB)
	2.5
	4
	7.5
	9

	
	No PR
	PR
	No PR
	PR
	No PR
	PR
	No PR
	PR

	Ntrans
	5126
	5104
	5087
	5075
	5041
	5040
	5035
	5032

	Total tx power
	3723.5
	3722
	5226.2
	5245.2
	11574.6
	11630.5
	16343.7
	16416.8


Table 2. Performance of power ramping for MCS level 3 (L3 = QPSK, 3/4) (Ntrans is the total number of transmission, Total tx power is total transmitted power for successful transmission of 5000 packets, No PR is no power ramping, and PR is power ramping).

	Ior/Ioc (dB)
	-4
	1
	6
	11

	
	No PR
	PR
	No PR
	PR
	No PR
	PR
	No PR
	PR

	Ntrans
	6273
	5936
	5345
	5298
	5113
	5090
	5040
	5036

	Total tx power
	1109.5
	1108
	2834.6
	2811.6
	8301.8
	8326.9
	25911.3
	26031.5


Table 3. Performance of power ramping for MCS level 5 (L5 = 16-QAM, 1/2) (Ntrans is the total number of transmission, Total tx power is total transmitted power for successful transmission of 5000 packets, No PR is no power ramping, and PR is power ramping).

	Ior/Ioc (dB)
	-2
	3
	8
	14.5

	
	No PR
	PR
	No PR
	PR
	No PR
	PR
	No PR
	PR

	Ntrans
	6639
	6192
	5395
	5329
	5131
	5105
	5035
	5035

	Total tx power
	1861.8
	1866.7
	4595.4
	4494.2
	13279.2
	13207.1
	57990
	58270.6


Table 4. Performance of power ramping for MCS level 6 (L6 = 16-QAM, 3/4) (Ntrans is the total number of transmission, Total tx power is total transmitted power for successful transmission of 5000 packets, No PR is no power ramping, and PR is power ramping).

	Ior/Ioc (dB)
	3
	7
	12
	18

	
	No PR
	PR
	No PR
	PR
	No PR
	PR
	No PR
	PR

	Ntrans
	6023
	5788
	5364
	5306
	5119
	5101
	5037
	5034

	Total tx power
	5398.3
	5215.2
	11473.2
	11203.9
	33081.9
	33165
	129845.4
	130435.2


3 Considerations


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

· Power management methods (in rate matching)

· Code rate changing

· AMC changing

· Repetition or Puncturing 

· The effects of retransmission delay, maximum retransmission number, chase combining, channel conditions and power ramping offset

4 Conclusions


With power ramping, the total number of transmission and total transmit power are reduced in low Ior/Ioc. Therefore, the performance of HARQ can be improved in that region by employing the power ramping. 
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