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1. Introduction

The HARQ operation conditions of E-DCH differ substantially from HSDPA, since the uplink transmissions are subject to fast power control, which works well in most cases of interest. Due to fast power control, the received SIR of a failed transmission will in most of the cases be only slightly smaller than the target SIR. In [1] it was therefore proposed to use a reduced retransmission power to reduce interference, UE power consumption and decrease the probability of UE power limitations. 

In this paper we investigate this proposal in more detail. System-level results are given for Ped. B channel at 3 km/h, 10 ms TTI, and full buffer conditions. The results show that for identical average noise rise, cell and user throughput can be increased by around 20%, while at the same time the UE transmit power per transmitted bit can be reduced by 23%. The concept of reduced retransmission power is therefore highly beneficial for the network as well as for the UE power efficiency.
2. HARQ retransmission power 
Due to fast power control, the missing energy to correctly decode a packet after a failed initial transmission will be rela​tively low. Thus a retransmission with identical power than the initial transmission is likely to generate excessive interfer​ence without any additional throughput benefit. It is therefore proposed to use a reduced retransmission power to reduce unnecessary interference, UE power consumption and decrease the probability of UE power limitations. 
To assess the possibility and degree of this retransmission power reduction, system-level simulations have been per​formed for a full buffer scenario with 10 users per cell, using 10 ms TTI, Chase combining, and Ped. B channel at 3 km/h. Further details on the simulations are given in the Appendix. 

Fig. 1 left shows the CDF of the difference SIR of the cumulative SIR after soft combining from the target SIR for pack​ets with one, two, and three transmissions (the fourth transmission is actually never required). The overall FER is around 26%. The FER of the initial transmission is 35%, after the second transmission it is only 4.1∙10-4 and no frame errors were observed after three transmissions. It can be seen that 99.6% of the packets with two transmissions, i.e., 34.6% of the total packets have more than 2 dB excess power. From Fig. 1 suitable power offsets for the HARQ retransmissions can be estimated. As an example, simulations have been performed where the retransmissions used the following power offset poffset(k)=[-8 dB, -8 dB, 0 dB] with respect to the initial transmission, where k is the retransmission number. The second and third transmission use 8 dB power reduction, while only in the last retransmission the initial power setting is reused to pre​vent excessive higher layer retransmissions. It is assumed that the Node B informs the UEs about the applicable power offset vector and takes the reduced power of pending retransmissions into account in the resource allocation and schedul​ing decision. 
Using this power offset, the FER is 35%, 1.8%, 0.11% and 0 after one, two, three, and four transmissions, respec​tively. Only 0.09% of the total packets (80% of the packets with four transmissions) have more than 2 dB excess power (see Fig. 1 right) compared to 34.6% without power offset.
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Fig. 1: Cumulative SIR distribution without power offset (left) and with power offset (right)
3. Throughput and UE transmit power 

The HARQ retransmission power reduction results in a reduced noise rise, which can actively be taken into account at the resource allocation and scheduling decision. Fig. 2 shows that applying the HARQ retransmission power offset (label ‘with offset’) allows increasing the average cell (and user) throughput notably compared to a system where all transmission of one packet have identical power (label ‘no offset’). For identical throughput the average noise rise can be reduced by around 2 dB. For a given average noise rise, up to 21% throughput gain is achieved (Fig. 2 right). At the same time HARQ retransmission power offset allows to reduce the average required UE transmit power per transmitted bit by around 23% (1.1 dB). Therefore it increases both, network performance and UE transmit power efficiency. 
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Fig. 2: Average cell throughput comparison (left) and throughput gain due to HARQ retransmission
 power offset (right)
The left hand side of Fig. 3 shows that the HARQ retransmission power offset does not impact the noise rise distribu​tion, which is actually dominated by the scheduling algorithm itself. Fig. 3 right depicts the average user throughput versus the downlink path loss (including shadowing) to the best cell for an average noise rise of 5.5 dB. Especially the users in the transition region between 95 dB and 115 dB show improved throughput using the power offset scheme. The corresponding user throughput distribution is shown in Fig. 4 left. The HARQ retransmission power offset has a notable positive impact on the distribution of the user throughput. For identical average noise rise, more users can be accommodated in the system. While the peak throughput (e.g., at the 90% level) is similar (276 kbps without power offset and 274 kbps with power offset), the outage (defined as user throughput < 16 kbps) is reduced by 11% from 63% to 52% (see Fig. 4 right). Note, that the relatively high outage values are due to the unfair maxi​mum C/I scheduling strategy.
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Fig. 3: 7 dB exceedence level (left) and user throughput vs. path loss (right)
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Fig. 4: User throughput distribution (left) and percentage of outage (right)
4. Conclusion

It is proposed to apply a power offset to the HARQ retransmissions with respect to the initial transmission in order to prevent excessive UE power consumption and noise rise. This technique provides around 20% cell and user throughput gain for a scenario using full buffer, 10 ms TTI, and Ped. B channel at 3 km/h and an overall FER of 26%. At the same time the UE power consump​tion per transmitted bit is reduced by 23%, thus increasing UE talk time and reducing the probability of UE power limita​tions. Similar simulations at an overall FER of 15% show still a throughput gain of 10% and a reduction of the UE power consumption per transmitted bit of 13%.
The proposed concept of adapt​ing the sum bit energy after soft combining can be applied regardless of the TTI length and also to a scenario where DCH and E-DCH are time-multiplexed into one single CCTrCH. In this case the energy balancing can be done by defining an appropriate vector of rate matching attributes. Therefore the HARQ retransmission power offset can be applied to all options of E-DCH cur​rently under consideration.
We propose to adopt the concept of using a HARQ retransmission power offset with respect to the initial transmission for E-DCH to increase network performance and reduce UE power consumption.
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Appendix A: Simulation Assumptions
A.1: Link-Level Simulation Parameters
Tables A.1 and A.2 show the main link-level simulation parameters and the reference TFCS for 10 ms, respectively. For the 10 ms TTI one transport block per TTI is assumed. 
Table. A.1: Link-level simulation parameters 

	parameter
	value

	TTI
	10 ms

	data rates
	8, 16, 32, 64, 128, 256, 384 kbps

	path weight estimation
	real, based on 3-slot FIR filtering

	acquisition & tracking
	ideal

	inner-loop power control
	4% error rate, 1 slot delay 

	propagation channel
	Ped. B, 3 km/h

	RX antennas
	2

	HARQ
	Chase Combining, max. 4 transmissions


Table A.2: Reference TFCS for 10ms TTI 

	TTI (ms)
	Payload
	SF
	Modulation
	Data Rate (kbps)
	DPCCH/DPDCH 
power ratio
	CRC bits per TTI

	10
	80
	64
	BPSK
	8
	1
	16

	10
	160
	32
	BPSK
	16
	0.64
	32

	10
	320
	32
	BPSK
	32
	0.44
	32

	10
	640
	16
	BPSK
	64
	0.28
	64

	10
	1280
	8
	BPSK
	128
	0.22
	128

	10
	2560
	4
	BPSK
	256
	0.16
	128

	10
	3840
	4
	BPSK
	384
	0.11
	192


For calculation of the link-level curves, the following results are traced:

· carrier power, interference power, SIR estimation, and raw BER for each slot,

· user BER and BLER for each CRC block,

· mean CIR, mean SIR, mean raw BER, mean user BER, and mean BLER per iteration.

The post-processing includes the following steps:

· for each CRC-block the mean CIR, the mean SIR, the mean raw BER, the user BER, and a flag whether this block was in error are calculated,

· the CIR is placed in uniformly distributed bins and for each bin the mean raw BER, user BER and BLER is calcu​lated. This results in the short term CIR or Eb/N0  vs. BLER curves,

· regression functions are derived to convert CIR ( SIR ( raw BER per slot and average raw BER ( BLER on a TTI basis.
Fig. A.1 shows the regressions of the traffic Eb/N0 vs. BLER for the initial transmission in Ped. B channel at 3 km/h and 10 ms TTI. It should be noted, that RLC header, CRC and tail bits are not included in the payload but are considered as overhead. Therefore, the low data rates (especially 8 kbps, 16 kbps, and 32 kbps) suffer from high overhead and low efficiency. Note that due to this overhead and the restriction of the TFCS to 384 kbps, the system-level throughput is smaller than in comparable results of other companies.
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Fig. A.1: BLER(Eb/N0) regression curves for Ped. B channel, 3 km/h, 10 ms TTI 

A.2: System-Level Simulation Parameters
The system-level simulator is based on an actual value interface (AVI), i.e., it computes the CIR on a slot basis and con​verts it to SIR based on the link-level regression curves. Then the effective SIR after soft combining is calculated and mapped to the raw BER. The raw BER is averaged over the interleaving length and then further mapped to the BLER. A summary of the major system level simulation assumptions is given in Table A.3.
Table A.3: Major system level simulation parameters

	Parameter
	Explanation/Assumption
	Comments

	cellular layout
	hexagonal grid, 3-sector sites, 27 cells, wrap-around technique
	

	site to site distance
	2800 m
	

	antenna pattern
	0 degree horizontal azimuth is East,
70 degree (-3dB), 20dB front-to-back ratio
	see TR25.896, section A.3.1.1. 

	path loss propagation model
	L = 128.1 + 37.6 Log10(R)  
	R in kilometers 

	slow fading
	similar to UMTS 30.03, B 1.4.1.4 
	

	std. deviation of slow fading
	8.0 dB 
	Log-Normal Shadowing

	correlation between sectors
	1.0
	

	correlation between sites
	0.5
	See Annex B

	correlation distance of slow fading
	50 m   
	See D,4 in UMTS 30.03.

	fast fading model
	Ped. B, 3 km/h
	

	carrier frequency
	2000 MHz
	

	Node B RX diversity 
	uncorrelated 2-antenna RX diversity
	maximum ratio combining

	UE antenna gain
	0 dBi
	

	maximum UE EIRP
	21 dBm
	

	BS total Tx power
	43 dBm
	

	uplink system noise
	 –102.9 dBm
	

	active set size
	up to 3
	

	soft handover Parameters
	Window_add = 4 dB, Window_drop = 6 dB
	

	uplink fast Power Control
	1 slot delay, 4% feedback error 
	

	outer-loop Power Control
	enabled, updated every 50 TTIs, stepsize 0.5 dB
	

	simulation duration
	120 s
	3 drops of 40 s

	traffic model
	full buffer
	

	UEs per cell
	10
	

	TTI
	10 ms
	

	TFCS data rates
	8, 16, 32, 64, 128, 256, 384 kbps
	

	HARQ
	3-channel SAW, Chase Combining
	

	max. # of transmissions
	4
	

	ACK/NACK feedback
	ideal
	

	scheduling
	Node B based time & rate scheduling, max. C/I
	

	scheduling interval
	10 ms
	

	intercell interference estimation at Node B
	using IIR filtering of noise rise with forgetting factor of 0.95
	one sample per TTI

	delay from rate request to reception of rate grant
	60 slots
	

	TFCS selection
	based on TR25.896, section 6.3
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