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Introduction
At RAN WG1 #52bis, several enhancements on power control and power scaling were suggested by Ericsson [1]. One of these was to increase the βed,k,min from 8/15 to 42/15 and it was shown that this improves the EUL coverage . In this contribution we further study “equal scaling” which is equivalent to setting βed,k,min  to ∞ with the current power scaling. We compare their performance for AMR 12.2 VoIP and show that equal scaling provides 3-5 dB gains in terms of EUL coverage. We propose that βed,k,min to be configurable by the network so that it could be set to higher values to increase EUL coverage.
2 Analysis and Simulation Assumptions
In Release 6, power scaling is performed when the UE is power limited as follows: Power gain of EDPDCH  βed is reduced until a minimum value of βed,k,min or total transmit power equals to the UE maximum transmit power [2]. It could be argued that the HARQ gain could compensate for the loss due to this power reduction of EDPDCH. However when the packet is sent on EDPDCH with reduced power, the packet decode could fail after maximum number of attempts. This causes an increase in the SNR target (set-point) and thus in the DPCCH power. This in turn leaves even less room for EDPDCH. Even if a cap is imposed for the set-point, the UE will keep this high cap level until it can transmit packets successfully and power control can bring the set-point down. Other overhead channels, HSDPCCH and EDPCCH, will also be sent at higher power levels which will increase both in-cell and outer-cell interference.
With equal scaling, the pilot channel (DPCCH) power is reduced when UE is power limited so that the power gains of other channels are kept constant. This degrades the channel estimation performance which could increase the error rates on the data and overhead channels. The overhead channel performance is not affected as much by the current power scaling since their power gains are not changed if there is enough power. In order to perform a fair comparison of the two scaling methods, the EDPCCH decoding is modeled at the bit level. When EDPCCH decoding fails at an HARQ attempt, a NACK is sent on HICH. However we have not modeled the false alarm of EDPCCH and how it can interact with the power control. Also the HSDPCCH decoding performance is not included in these simulations. 
The transmission of a VoIP packet can be delayed until there is enough power for EDPDCH if the minimum E-DCH set for this flow does not include the VoIP packet formats. We have seen by simulations that doing this benefits the current scaling method but actually degrades the equal scaling one.  For the current scaling, it is better to send a packet only when there is enough power left for EDPDCH since the packet decoding will most likely fail otherwise and cause the SNR target to go up. This is relatively a lesser problem with equal scaling since there is a chance of a successful transmission depending on how much the channel estimation suffers due to the reduced DPCCH power. In the simulations, we used delayed transmission (minimum E-DCH ETFI = 0) with the current scaling but immediate transmission for a single VoIP frame with the equal scaling (minimum E-DCH ETFI = 27 using Table 0). The packets which wait more than 30ms at the UE buffer are not transmitted by the UE and thus dropped in order to guarantee a maximum delay bound of 100ms. Furthermore packets whose total queuing and transmission delay exceed 100ms are also dropped. The dropping at the UE does actually never occur with the equal scaling since packets are sent almost immediately at the next available TTI. However this is necessary for the current scaling to prevent queue build up as well as to reduce the delay. We have observed that the absolute value of the delay bound for dropping at the UE (30ms as used here) does not have a significant effect on the performance of current scaling.
Other simulation assumptions are given in the following table:
	Parameter
	Units
	Value
	Comment

	Total # Node-Bs
	
	19
	With wraparound

	Cells per Node-B
	
	3
	Simulating a total of 57 cells

	Users per cell
	
	100
	Dropped uniformly

	Carrier Frequency
	MHz
	2000
	

	Inter-site Distance (ISD)
	m
	2800m
	

	BS Antenna Gain & Cable Loss
	dBi
	14.0
	

	Sector Antenna Gain
	dB
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 is angle w.r.t. antenna bore sight. 
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 is 3dB antenna beam width.

	BS Front-Back Ratio (
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	dB
	20.0
	

	Sector Antenna 3dB Beamwidth
	degs
	70.0
	

	Path Loss Model
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	UMTS 30.03, Section B.1.4.1.3

	Penetration Loss
	dB
	10dB
	

	UE Max Output Power
	dBm
	21
	

	BS Noise Figure
	dB
	9.0
	

	Shadowing Lognormal Standard Dev.
	dB
	8.0
	

	Shadowing Inter-site Correl. Coeff.
	
	0.5
	

	Shadowing Intra-site Correl. Coeff.
	
	1.0
	

	Power Control
	
	Enabled
	2 slot delay, 4% Error

	Channel Type
	
	PA3, PB3,VA30, VA120

[30 30 20 20]
	3GPP Mix

	Receiver
	
	Rake Receiver
	2 Rx antenna

	Node-B  Channel Estimator
	
	Realistic
	

	Traffic Model
	
	AMR 12.2
	Exponential ON (talking)-OFF (silent) with 2s mean times.

	Transport Block Size
	Bits
	120 (SID)

307 (Full Frame)
	

	VoIP activity
	
	50%
	One full frame every 20ms when talking, one SID frame every 160ms  when silent

	TTI Duration
	[ms]
	2
	

	Simulation Duration
	s
	120
	With 30s warm-up

	βed
	
	34/15 (SID)

47/15 (FULL)
	

	βec
	
	1
	

	βhs
	
	1 (SHO)

12/15 (non-SHO
	Transmitted every 8 TTIs

	βc
	
	1
	


Table 1 Simulation Assumptions
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Simulation Results
We use VoIP Frame Error Rate (FER) as a benchmark to evaluate the cell coverage. Here FER is the ratio of dropped VoIP frames due to transmission errors and exceeding the delay bound. Typically a VoIP user is assumed to be in outage if its FER is greater than 2%. Figure 1 shows a scatter plot of FER with respect to the path gain from the serving cell. Figure 2 shows the same data in terms of the percentage of UEs whose FER is greater than 2%. It is seen that equal scaling provides 3 to 5 dB gain over current scaling at various levels of UE outage for system stability criteria. The gain is 4.7dB at 5% UE outage level. The Noise Rise is similar under both scaling methods as it is shown in Figure 3.
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Figure 1 Frame Error Rate Comparison
[image: image7.emf]-150 -145 -140 -135 -130 -125 -120

0

2

4

6

8

10

12

14

Path gain to the serving cell

[%]

Ratio of UEs with FER > 2%

 

 

Rel 6 scaling

Equal scaling


Figure 2 System Outage Comparison
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Figure 3 Noise Rise Comparison
. 
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Conclusion
We have shown that equal scaling of uplink channels provides better EUL cell coverage for AMR 12.2 VoIP compared to the current scaling. We propose that 
Proposal 1: βed,k,min to be configurable by the network which can set it to higher values (> 8/15) in order to increase EUL coverage
Proposal 2: Further studies to be performed to determine EUL coverage for different TTIs, power gains and βed,k,min settings and compare it to Release 99
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