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1. Introduction
This document presents additional system level simulation results on the performance of USTS based on the model described in [1]. Simulations are performed for both SF=64 and SF=128. Results addressing the issues of voice activity and antenna diversity are also included

An updated version of the model to characterise the orthogonality factor between two UE's is also provided.

2. Uplink orthogonality factor

In [1] the factor (  describing the ratio of the power from an interfering path which can not be cancelled in the reception of a desired path when using orthogonal UL codes. However, in [1] the factor (  was by mistake calculated as the ratio between amplitudes, whereas it should have been powers. Figure 1 shows the value of the factor (  as a function of the misalignment. For a misalignment error smaller than 1/4 of chip period, the value of the factor ( remains bellow 0.16. 

	[image: image1.png]14

1.2F

Factor gamma

0.4

0.2

o
™
T

ol
2
T

i i
-0.2 0 0.2
Normalised misalignment [t/Tc]

0.4

0.6

0.8





Figure 1. Evolution of the factor ( with the misalignment.
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Figure 2. CDF of the orthogonality factor between two UEs for several step sizes in Pedestrian A environment.


Let us define ( as the step size to correct the time arrival and furthermore presume no errors in the time alignment tracking process. The delay of the first path of a UE with respect to the reference time at the node B is then uniformly distributed between -(/2 and (/2. The delay between any couple of UE's is the difference between the two random variables and is calculate as the convolution of the two uniformly distributed PDF's. This yields that the absolute value of the delay difference between the first path of two UE's, d, gives the following PDF in the interval [0,(]
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By assuming the time step size (  to be 1/4, 1/8 or 1/16 of chip period, then the behaviour of the orthogonality factor for Pedestrian A environment [2] can be described by the CDFs represented in Figure 2.

3. Simulation model and parameters

The network model, as well as the method for loading the system based on the noise rise target is similar to what was used in  [1]. The main parameters used in the simulations are listed in Table 1.

	Cell Plan
	Number of Sites
	8

	
	Number of sectors per site
	3

	
	Cell radius
	300 m

	
	Number of rx antennas per cell
	1, 2

	Propagation
	Path loss with distance
	L[dB]=147.7+40log d[km] 

	
	Standard deviation of shadow fading
	10 dB

	
	Coherence distance for shadow fading
	50 m

	
	Power delay profile
	Pedestrian A

	
	Receiver antenna gain
	15 dBi

	
	Thermal noise level 
	-102.9 dBm

	SHO
	Add / Drop / Replace
	2 dB / 4 dB / 2 dB

	
	Time before dropping
	0.02 s

	
	Maximum active set size
	2

	
	Algorithm for synchronising in SHO
	Candidate 3

	AC
	AC period
	20 ms

	
	Noise Rise Target
	4 dB

	PC
	Fast closed-loop PC step size
	1 dB

	
	Outer-loop PC step size
	0.3 dB

	
	FER target
	1 %

	Mobile
	Effective bit rate
	12.2 kbps (speech service)

	
	Speed
	3 km/h

	
	Voice activity factor
	1, 0.5

	
	Maximum transmitted power
	24 dBm

	Simulation time
	120 s


Table 1. Parameters used for the simulations.

The calculation of the energy-per-bit to noise ratio (Eb/No) at the Node B for every UE in the network is based on the following expression
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where Pnoise is the noise power, Pi is the power transmitted by the i-th user, hi is the propagation path gain from the i-th user 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 in the multi path radio channel, ai,l is the relative gain associated with the lth path of user i, and (i,j is a factor defined as
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Notice that this model assumes that all the pairs of paths from different users are fully orthogonal if they have the same arrival sequence and fully "non-orthogonal" if they have not.

A modified version of the Pedestrian A channel model is   used in the simulator (Table 2). In this model only the two paths with highest power  are considered. Furthermore, the delay between them is assumed to be the chip time instead of the specified 0.42 chip time).

	Tap
	Relative delay
	Relative average gain

	1
	0
	0 dB

	2
	Tc
	-9.7 dB


Table 2. Modified power delay profile for network simulations with Pedestrian A.

This above assumption makes the model a bit conservative regarding the performance of USTS, since the second path becomes completely non-orthogonal to the first path. From Figure 1 it can be found that with a misalignment of 0.42 chip time approximately 60% of the power from an interfering path can be cancelled. The channel model in Table 2 together with the interference calculation model presented in (1) yields an orthogonality factor of 0.11, whereas a value of 0.06 is obtained with the exact Pedestrian A model for perfect synchronism, see Figure 2. Figure 2 shows that for a step size of 1/4 chip period, approximately in 85% of the cases the orthogonality factor between couples of  UE's is smaller than 0.11 and in 15% it is larger. Moreover, it is important to notice that these  results for  the orthogonality factor does not consider  issues , such as the initial acquisition phase  and t errors that can appear in the transmission of the Time Alignment Bits (TAB). These factors will   worsen the obtained orthogonality. Also reduced orthogonality due to the impact of delays in the TAB loop for moving UE's are not considered.  

The function employed to translate Eb/No into frame error rate (FER) values  is depicted in Figure 3.
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Figure 3. Mapping function employed to convert from Eb/No to FER  for Pedestrian A t profile.

This function was generated for speech users transmitting with an effective bit rate of 12.2 kbps and a speed of 3 km/h in Pedestrian A environment, using two branch antenna diversity reception. It also includes  overhead of an associated logical Dedicated Control Channel (DCCH) transmitting at 2.4 kbps and the  Dedicated Physical Control Channel (DPCCH). Convolutional channel coding is assumed, with coding rate 1/3. After that, interleaving and either puncturing or repetition are applied to map the final raw bit rate per user into a Dedicated Physical Data Channel (DPDCH) with spreading factor 64 or 128. The actual link performance for SF=128 is slightly worse than for SF=64. This issue has been disregarded in the system level simulations for simplicity reasons.  

The maximum number of  UE' that can be allocated within the same scrambling code is presumed to be 50 and 84 for spreading factors of 64 and 128, respectively.

4. Simulation results

Table 3 shows the maximum number of users per cell for multi cell environment with and without USTS. A gain of 28.8% can be obtained with USTS in Pedestrian A for spreading factor 128, 2 antennas and voice activity factor of one. More realistic conditions are probably obtained by assuming a voice activity factor equal to 0.5 and spreading factor 64. In this case the code restriction is  very severe, since in approximately 60% of the time the Node Bs are using a third scrambling code, and in 40% they have to go for a forth one. In this case, the capacity gain of USTS decreases to only 8.6%, whereas simulations run assuming no channelisation code restriction yield a 33.8% capacity gain.

Further simulations have been executed for a single micro cell environment (i.e., there is no other cell interference and no soft handover) with omni antenna. The rest of parameters are the same as for the multi cell case. The most optimistic case is the one with only one receiver antenna   at the Node B,  a spreading factor 128, and voice activity factor equal to one, where USTS gives a 82.9% capacity increase. However, for the more realistic case of a voice activity factor of 0.5, 2 branch antenna diversity and SF=64 then USTS only  provides a capacity increase of  11.8%.

	
	SF
	Number of rx 

Antennas
	Voice activity factor
	Users without USTS
	Users with USTS
	Gain
	
	SF
	Number of rx 

antennas
	Voice activity factor
	Users without USTS
	Users with USTS
	Gain
	

	
	64
	1
	1.0
	27.2
	34.8
	27.9%
	
	64
	1
	1.0
	47
	65
	38.2%
	

	
	64
	1
	0.5
	54.3
	62.4
	14.9%
	
	64
	1
	0.5
	94
	112
	19.1%
	

	
	64
	2
	1.0
	60.6
	71.0
	17.1%
	
	64
	2
	1.0
	93
	114
	22.5%
	

	
	64
	2
	0.5
	121.2
	131.7
	8.6%
	
	64
	2
	0.5
	186
	208
	11.8%
	

	
	128
	1
	1.0
	27.2
	34.8
	27.9%
	
	128
	1
	1.0
	47
	86
	82.9%
	

	
	128
	1
	0.5
	54.3
	68.6
	26.3%
	
	128
	1
	0.5
	94
	124
	31.9%
	

	
	128
	2
	1.0
	60.6
	78.1
	28.8%
	
	128
	2
	1.0
	93
	125
	34.4%
	

	
	128
	2
	0.5
	121.2
	138.3
	14.1%
	
	128
	2
	0.5
	186
	220
	18.2%
	

	Table 3. Number of speech users per cell in multi cell environment
	Table 4. Number of speech users per cell in single cell environment


5. Conclusions

The capacity increase of USTS is assessed  by network level simulations. This document only concentrates on the Pedestrian A profile, where previous studies have shown that USTS potentially gives a high gain.

The simulation results show that  uplink synchronisation potentially give a high capacity increase provide that there is no severe code limitations. However, severe code  limitations most likely exists and most benefit of uplink synchronisation disappear, even in environments where the orthogonality can be kept almost perfect. 

Further  studies  are also required to quantify the impact on the orthogonality factor due to the initial time alignment acquisition  phase  as well as to the transmission errors  of the TABs.
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