2

3GPP TSG-RAN WG4 (Radio) Meeting #33 
R4-040603
Shin Yokohama, Japan, 15th-19th November 2004
Agenda Item:
6.3
Source: 
Ericsson 
Title: 
Impact of UE power requirement on end-user perceived performance for Enhanced Uplink
WI Code:
EDCH-RF

Document for:
Approval
Introduction

During RAN4 #31 and #32 a number of papers discussed the increased PAR/CM when introducing new UL code channels for enhanced UL. The increase in PAR/CM depending on the number of codes, gain factor settings etc is described in R4-040510 and R4-04035 where possible solutions based on reduction in the maximum UE output power were also presented. 

Before RAN4 goes ahead with allowing a certain reduction in the UE maximum output power for REL-6 with Enhanced Uplink, investigation on possible system consequences needs to be done.

The purpose of this paper is to initiate the discussion, investigating the consequences in terms of end-user perceived performance in case of allowed reduction in UE maximum output power. 

Discussion 

One of the main objectives for enhanced UL is to provide high-speed data access in the uplink direction, therefore throughput (bit-rate) coverage and consequently the end-user perceived delay is the main system performance indicator that needs to be investigated. The knowledge of degradation in throughput as a function of UE power reduction will facilitate the judgement on possible relaxation in UE output power or discussion on possible peak reduction schemes in the UE.

Using the assumptions in Annex A, a simple assessment of throughput coverage indicates the impact of UE transmit power reduction due to CM/PAR as in figure1. 
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Figure 1: The data rate in  kbps versus the maximum path loss for different UE transmit power. 

We assume a network that is dimensioned to provide 320 kbps with 21 dBm of UE output power. Further we use a simple relation between the path-loss, L, and distance, d, as in TR 25.942,
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The total cell range, dmax, is given by the required data rate, 320 kbps and output power of 21 dBm. For data rates larger that 320 kbps we calculate the range where the data rate is achievable, d(R,Ptx). The cell area where a given data rate, R, is achievable in relation to the total cell area, is approximated, as the square of the range ratio,
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We refer to this ratio as the throughput coverage ratio and present an example in Figure 2.
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Figure 2: Data rate coverage ratio assuming a deployments planned for 320 kbps and 21dBm.  
The impact on end user perceived performance for TCP based applications was investigated using the TCP model [2] and the delay model of the network is described in detail in [1]. No Internet delay or Internet loss rate is assumed, but a CN (core network) delay of 10 ms is included. 
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The attainable data rates (resulting rate after HARQ) for three different coverage percentages are observed from figure 3.
                Figure 3: The attainable data rate for three different coverage percentages.     
We consider three types of example objects:
· JPEG image 30 kbyte 

· Slideshow 200 kbyte

· E-mail with attachment 1000 kbyte  
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Using the delay model in [1], the object transfer time (end user perceived performance for TCP based applications) for different UE power levels for 2 ms TTI and 10 ms TTI respectively are presented in Figure 4 and Figure 5:

             Figure 4 Object transfer delay for 2 ms TTI.  
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            Figure 5 Object transfer delay for 10 ms TTI.
The impact of UE power reduction for 30% and 70% cell coverage can be found in Annex B. 

It is shown that the reduction in UE power will severely influence the coverage throughput and end-user perceived performance therefore considering the consequences is crucial when discussing possible reductions in UE output power.

Conclusion

This paper quantifies the decreased availability of high-speed data access caused by reduction in UE maximum output power and describes the impact on end-user perceived performance in terms of object transfer delay as a consequence decreased throughput. We conclude that the impact of UE power reduction will reduce the availability of high-speed data access and degrade end-user perceived performance significantly.  

We also suggest and encourage other companies to evaluate and demonstrate the impact on end user perceived performance for any UE power reduction before RAN4 decides on any possible relaxation or alternatively discuss other options such as peak reduction schemes in the UE to cope with higher PAR/CM due to introduction of enhanced UL.
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Annex A

The availability of a given data rate, 
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, in a cell is characterized by the maximum path-loss, 
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, can be achieved for that rate.  For a simple assessment of the coverage for different data rates the following relation between the rate and the maximum path loss is useful:
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-
Constant obtained from link budget 
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UE maximum transmit power
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	RBS antenna gain
	18.5 dBi
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	Shadow fading margin
	7.5 dB
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	Interference margin 
	4 dB 
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	Building penetration loss
	18 dB
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	RBS noise  (Noise figure of 4 dB)
	-170 dBm


The receiver threshold for different data rates in the table below is obtained from link level simulations assuming HARQ BLER of 10% for the initial transmission attempt.


	Data rate [Mbps]
	3.6 
	2.9
	2.3
	1.7
	1.2
	0.6
	0.3
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	4.5
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	3.5
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Annex B

End-user perceived performance - 2 ms TTI
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End-user perceived performance - 10 ms TTI  
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