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Introduction

At the last RAN meeting #12 in Stockholm, the creation of WI “USTS” was postponed once again even though both WG1 and WG3 reported on the feasibility of USTS and especially WG1 as a leading group of this item submitted the TR25.854v1.0.0 at the RAN meeting #11 after a year-long discussion. According to the draft minutes, RAN #12 decided that “WG1 would review the simulation to be performed during the Ad Hoc group meeting, and comments/requirements on the simulations should be provided for that meeting. Any resulting actions should be considered at the regular WG1 meeting”.
This document first reviews the simulations and the complexity, which have been presented and discussed in WG1. Then, it briefly discusses on the existing techniques such as interference cancellation and beam-forming. Additional simulation results regarding IC is presented and the impact of multiple cell and soft handover are discussed based on the mathematically derived equations and the simulation results in the TR25.854.

Review of the simulations

There are five figures and one table in the TR25.854. The simulation conditions are as follows:

Table 1. Simulation conditions

	Parameter
	Value
	Comments

	Uplink synchronisation
	Applied only to the first detected resolvable paths (in time)
	The other multi-paths are not uplink synchronised even under this assumption

	Carrier frequency 
	1.9 GHz

2 GHz
	Figs. 5.1 – 5.4

Fig. 5.5 and Table 5.1

	SF
	128
	

	Closed loop power control
	OFF
	Ideal open loop power control

	Channel estimation
	Ideal 
	

	Channel coding
	No 
	

	Fast fading model
	Outdoor urban high-rise channel model (JTC)

Vehicular B model

Pedestrian A model

Indoor A/B and Pedestrian A/B
	Figs. 5.1 and 5.2

Figs. 5.3 and 5.4
Fig. 5.5

Table 5.1

	Number of Rake fingers
	1

3

1 for the indoor A,B & pedestrian A 
3 for the pedestrian B
	Figs. 5.1-Fig.5.4

Fig. 5.5

Table 5.1 (due to too close tap spacing)

Table 5.1

	Vehicle speed
	3 km/h

5.6 km/h

20 km/h

60 km/h
	Fig. 5.5 and Table 5.1

Figs. 5.1 – 5.2

Fig. 5.3

Fig. 5.4

	Number of over-samples per chip
	4

8
	Figs. 5.1 – 5.4

Fig. 5.5 and Table 5.1

	Modulation/Spreading
	BPSK

As in TS 25.213
	Figs. 5.1 – 5.4

Fig. 5.5 and Table 5.1


Here is the brief summary of the simulation results under the above assumptions.

	
	Result
	Findings & decisions

	Fig. 5.1
	2~3 dB gain in SIR (*)
	With SIR target = 6 dB, system can accommodate twice as many users

	Fig. 5.2
	The amount of misalignment randomly distributed in [-x,+x]
	A misalignment of a quarter of chip duration is preferable

	Fig. 5.3
	Timing control rate 
	TAB command rate = 50 Hz

Timing update rate <= 5 Hz

	Fig. 5.4
	TAB error
	From the decision of Fig. 5.3, 10 TABs are combined for reliable signalling

	Fig. 5.5
	USTS/non-USTS mixed situation
	More USTS users result in exponentially increasing gain

	Table 5.1
	100% USTS users vs. 100% non-USTS users
	USTS gain is significant in indoor and dense pedestrian environments


(*) It should be noted that Fig. 5.1 considered an outdoor urban high-rise channel model (JTC), which is similar to Vehicular B model. This model is not the target environment for USTS but even in this environment USTS can yield some gain. 

Note) Grey coloured parts have little significance now since the UE Tx timing update rate has been changed according to WG4 specifications and 10 TABs can be combined for reliable signalling.

Review of the complexity

	
	Complexity
	Comments

	Timing control complexity
	Node B measures PRACH PD and reports it to RNC

RNC calculates TINIT_SYNC (one “-“ operation)

RNC signals TINIT_SYNC  to the corresponding UE

Node B compares the arrival time with the desired time

Node B sets TAB and replace TPC every two frames

UE adjusts its Tx timing according to TAB
	At call setup phase

During call

	Different scrambling/channelisation code usage
	A small additional hardware
	Cell specific scrambling code

UE specific channelisation code

	Impact on closed loop power control
	Small & mitigated by orthogonal property 
	Cell radius < 10 km

	Soft handover complexity
	Synchronised RL reconfiguration for mode change
	USTS <-> non-USTS

USTS <-> normal


Comparison with the existing uplink performance improvement techniques

Interference cancellation (IC) technique

Most IC techniques being discussed are focused on the downlink. e.g., Mitigating the Effect of CPICH Interference at the UE and Multi-path Interference Canceller (MPIC) for HSDPA. The former one is a SI and the latter is just for HSDPA. The possibility of using IC for the uplink is open, i.e., short scrambling code. However, this kind of multi-user detection usually requires a great amount of complexity. Moreover, it is almost impossible to cancel the other-cell interference since cancelling the intra-cell interference itself is a challenging problem. Also the performance and complexity largely depend on the technique used. 

Compared to IC techniques, USTS imposes a much smaller complexity whereas the attainable gain is expected to be comparable to IC technique in some environments, e.g., indoor and dense pedestrian environments.
Beam-forming technique

Adaptive antenna (beam-forming) technique is primarily for downlink where it can reduce the interference from high rate users to other users by forming a (narrow) beam to the corresponding user. Its complexity depends on the number of antenna array elements and for a large number of users it is enormous. There have been a number of commercial adaptive antenna products on the market, e.g., for AMPS and IS-95. But there has been no strong demand and no operators (at least in Korea) adopted such systems. This is partially because there has been no high rate service to use this technique and partially because the frequency bands assigned to operators are not saturated yet. Beam-forming technique may be beneficial in case there are a quite small number of high rate users. 

Compared to beam-forming technique, USTS can be used for a large number of users in the uplink. Moreover, it can be more useful when combined with beam-forming technique since USTS can work for high rate users together with beam-forming and also for low rate users. 

Further simulations

Comparison with IC

We compared the USTS with IC by simulations. 

Table 2 Simulation conditions

	Number of bits per frame
	300

	Number of over-samples
	4

	Number of fingers
	1

	Processing gain
	128

	Number of users
	20

	Chip rate
	3.84 Mcps

	Carrier frequency
	2 GHz

	Vehicle velocity
	3 km/h

	Modulation/Spreading
	BPSK/Bi-phase

	Channel
	AWGN and/or 1-path

	Channel estimation
	Ideal

	IC
	2-stage parallel (weighting for 1st and 2nd stage=0.4:0.9 or 1:1)

	Uplink synchronisation
	[-1/4,+1/4] chip duration (random)

	Number of cells
	Single cell


(1) AWGN channel
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(2) AWGN + 1-path Rayleigh fading

	Eb / N0
	14.56dB

	Number of users
	20

	USTS_BER
	0.000877

	IC_BER

(0.4, 0.9)
	2nd stage
	0.000643

	
	1st stage
	0.002865

	Normal_BER
	0.0109357


Multiple cell & soft handover

First, let’s find a relation between SIR and capacity by using a simple mathematical derivation. Since the target environments for USTS are indoor and dense pedestrian environments, the channel can be simplified to have two resolvable paths with a chip rate of 3.84 Mcps. Each path can be modelled as an independent, zero-mean complex Gaussian process. Then, the squared path gains of the first and second paths are exponentially distributed and their means are 1/ and 1/, respectively, where 1/1/=1 and  

It is assumed that only a single Rake finger captures the signal power of the first path, i.e., S/. (Average) Eb/Io is here defined as the ratio of signal energy per information bit to power spectrum density of average interference plus background noise. Then, in case of normal mode the Eb/Io can be approximated as
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 for a multiple cell,

where S is the signal power at the home cell, N is the number of users, G is the processing gain, M is the average other cell interference factor satisfying E[Iother] =NMS. M mainly depends on the path loss exponent and the shadowing. In case of USTS mode, the Eb/Io can be modified as
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 for a multiple cell

because the interference among the first paths of the intra-cell users are suppressed from the assumption of perfect synchronisation and The capacity can be seen as the maximum number of users satisfying the Eb/Io is less than the target value of Eb/Io. From the above equations, the capacity is the maximum value of N obtained by replacing the Eb/Io with its target value and the number of supportable users is inversely proportional to the target Eb/Io in all cases. We can see that the singe cell capacity is increased to times and the multiple cell capacity is increased to (1+M)/(1/+M) times. 1/ reflects the signal power not carried by the first path and set to be 0.1, and M is assumed to be 0.7. Then, the USTS can accommodate 2.1 times as many users with a same Eb/Io target even in a multiple cell case. If 1/is 0.2, then the capacity gain becomes 1.89 times. 
Actually, the SIR in the simulation can be approximately expressed as


[image: image6.wmf]o

b

I

E

ChipRate

cePower

Interferen

DataRate

r

SignalPowe

PG

cePower

Interferen

r

SignalPowe

=

=

/

/

*

.

Hence, the SIR in the simulations can be approximately related to the capacity using the derived equations. However, it should be noted that the above equations are derived without considering fast TPC. 
The simulations in the TR25.854 considered a single cell system. In a multiple cell system, soft handover needs to be additionally taken into account: Let us consider two-way soft handover. From a reference cell point of view, it can be said that half of the users in SHO have a USTS mode RL and half of them have a non-USTS mode RL. If 30% of users are in SHO, then totally 85% of users are in USTS mode with the reference cell and the other 15% are in non-USTS mode. If we draw a horizontal line at SIR=8.5dB, a normal mode system (100% non-USTS user) can accommodate only 10users. However, the system can accommodate 35 users when 85% of them are USTS users, where the horizontal line meets a vertical line drawn at 85% of USTS users. Therefore, the capacity gain reaches 3.5 times. Even at 50 % of USTS users, the system can accommodate 22 users, which corresponds to the capacity gain of 2.2 times. 
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