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1 Introduction

This document provides some more simulation results to show the USTS gain at system level in a multiple cell environment, taking into account the antenna diversity, code limitation, and penetration ratio. 

2 System Model and Simulation environments

2.1 Cell layout

7 hexagonal cells are considered with a wraparound technique. 
2.2 Simulation parameters

Table 1 tabulates the simulation parameters. 

	Parameter
	Assumptions
	Comments

	Cellular Layout
	7-cell
	Hexagonal grid

(wrap-around technique)

	Sector / cell
	1
	Omni-cell

	Radius of Cell
	577 m
	Micro cell 

	Path Loss
	L=15.3 + 37.6 Log10(R)
	R in meter 

	Carrier Frequency
	2 GHz
	

	Shadowing
	Lognormal distribution
	

	Std. deviation of Shadowing
	5 dB
	

	Correlation Between Cell Sites
	0.5
	

	Correlation Distance of Shadowing
	110 m
	

	Multipath Fading Profile
	Pedestrian A
	ITU-R M.1225

Generated by Jakes model

	Doppler Spectrum
	Classic
	

	Velocity of UE
	3 km
	Constant

	Maximum UE Tx Power
	21 dBm
	

	Traffic Model
	Constant Bit Rate
(12.2 kbps Speech)
	SF=128 (30kbps after channel coding & puncturing)

	Uplink Eb/No target (before channel decoding)
	4.5 dB
	Perfect closed loop PC,

No outer loop PC

	SHO Add / delete /replace
	2 / 4 / 2 dB
	Candidate 4

	Maximum active set size
	2
	

	USTS UE / 
(USTS UE + Normal UE)
	0.0 ~ 1.0
	

	Multiple scrambling code
	>= 1
	Sequential packing

	Uplink Synchronisation
	Perfect
	Among the first paths


Table 1 Simulation parameters

2.3 Interference calculation

Maximal ratio combining is used for detecting the paths at the receivers. With this assumption, the Eb/No obtained at a certain BS from a UE i is calculated by the simulator with the following expression
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where Pi is the power transmitted by the UE, hi is the propagation gain from UE i to the BS (considering path loss with distance, shadow fading and antenna gain), N is the number of users in the network, L is the number of paths defined for the channel model, ai,l is the relative gain associated to the l-th path of UE i, and (i,j is a factor defined as
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If the UE is in soft handover mode, the UE Tx power is controlled by the BS having a better quality.

In case of two-antenna diversity, the Eb/No is calculated from (1) at each antenna and then, two Eb/No values are summed up, simply assuming ideal combining. 

3 Simulation results

Advanced functions like admission control, load control and outer-loop PC are turned off. The outcome is the outage as a function of the number of UEs per cell. The outage is defined for every user as the probability of not being satisfied, which is the probability of having a FER greater than 1%. The system capacity is defined as the maximum traffic throughput that makes the outage level smaller than 5%.
3.1 Pedestrian A

Figure 1 shows the outage probability versus the number of users per cell, where normal and USTS cases are plotted considering 48 and 84 channelisation codes with antenna diversity.
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Figure 1 Outage probability versus number of users per cell

Table 2 summarizes the results in the above figure at the outage probability = 5%. When 84 codes are available, the USTS gain reaches 55 %. When compared with the Ericsson results, the USTS can achieve a similar amount of gain with 48 codes (29 % is slightly higher than 25 % of Ericsson due to different packing method for multiple scrambling codes). 

	
	Normal
	USTS (48)
	USTS (84)

	No of users
	58
	75
	90

	USTS gain [%]
	-
	29
	55


Table 2 Number of users and USTS gain with diversity.
3.2 Impact of penetration ratio

Figure 2 plots the outage probability versus the number of users per cell as a function of penetration ratio which varies from 0.4 to 1.0. 
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Figure 2 Outage probability versus number of users per cell as a function of penetration ratio.

Table 3 tabulated the number of users satisfying outage probability = 5%. With a penetration of 50 %, the expected gain of USTS lies around 10 %. However, it reaches 33 % at 80% penetration and eventually 55 % when all users use USTS mode. Note that when the penetration is lower than 80%, the code limitation is never reached. 

	Penetration
	Normal
	40 %
	60 %
	80 %
	100 %

	No of users
	58
	62
	67
	77
	90

	USTS gain [%]
	-
	7
	16
	33
	55


Table 3 Number of users and USTS gain as a function of penetration ratio.
4 Conclusions

This document provides additional system level performance of USTS when antenna diversity, code limitation, penetration ratio are taken into account. 

When 48 codes are available, the USTS has to use two common scrambling codes and the USTS gain is 29%, which is similar to Ericsson results. However, when 84 codes are used, the gain increases to 55 % with sequential packing for multiple scrambling codes.

The impact of penetration ratio has been observed with antenna diversity. With a penetration of 50 %, the expected gain of USTS lies around 10 %. However, it reaches 33 % at 80% penetration and eventually 55 % when all users use USTS mode.

Contact person: kdk@sktelecom.com
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