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1 Introduction
A study item on Synchronized E-DCH has been approved ‎[1].

This contribution presents and compares system simulation results for three cases:

· “Normal CDM” i.e. Rel-7 E-DCH with non-synchronized user-specific scrambling code
· “USTS” i.e. synchronized E-DCH with users sharing a cell-specific scrambling code tree
· “TDM” i.e. synchronized E-DCH with TDM between users

The contribution also gives an analysis of the gains with own cell interference cancellation.for Normal CDM and other cell interference suppression for TDM.
This is an updated version of R1-080908. This version contains updated system simulation results for Pedestrian A as well as results for Typical Urban.
2 System simulations without IC
The simulation parameters are listed in Table 1.

Table 1: System simulation parameters.
	Network layout
	7 NodeB with 3 cells each, i.e. 21 cells in total

	UE max TX power
	21 dBm

	Site-to-site distance
	500 m

	Antenna pattern
	3D antenna model with 10 degrees down tilt

	Penetration loss
	20 dB

	Number of simultaneous users per cell
	4 in the “Normal CDM” case
4 in the “USTS” case
4 in the “TDM” case in a round robin way

	Service
	EUL only

	EUL traffic model
	Full buffer

	16QAM
	Enabled

	Receiver
	Ideal dual antenna LMMSE

	Channel Delay Profile
	Pedestrian A / Typical Urban

	Speed
	3 km/h


Other simulation assumptions for USTS:

· The UE is synchronized in the serving cell and non-synchronized in any other cells in the active set.
· A static factor expresses how much of the received power can be regarded as effective interference.

· Code limitation is considered, the peak rate of each USTS UE is limited to one fourth of the cat 7 peak rate. However, the reduced performance due to increased coding rate has not been considered here.

· One scrambling code in each cell

· “Ideal USTS”: ideal orthogonality between UEs.
Other simulation assumptions for TDM:

· “Ideal TDM” is modeled as only one EUL user in each cell

· “Real TDM—Round Robin” is modeled as only one EUL user can be scheduled to transmit data while there are several EUL users in the same cell, and the users are scheduled in a Round Robin way. Scheduling interval is 2ms.

· No SIC is used together with TDM
The simulation results are shown in Figure 1. The “ortho factor” is a non-orthogonality factor expressing how much of the received power that can be regarded as effective interference. Ideal synchronization and flat channel is modeled when “ortho factor” is zero. The chosen non-zero values for “ortho factor” correspond to approximately 1/8-chip and 1/4-chip desynchronization, respectively.
The simulation results show that USTS and TDM can achieve similar gains compared to Normal CDM under both ideal and more realistic assumptions in this scenario with low dispersion (PedA channel). In a scenario with higher dispersion (TU channel), the USTS performance degrades more than the performance for Normal CDM and TDM.
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Figure 1: System simulation results.
3 System analysis with own cell interference cancellation
In this chapter we analyze the capacity gains when applying interference cancellation (IC) to Normal CDM and compare the capacity of such system with USTS.

The analysis is similar to what presented in ‎[2] for the USTS and Normal CDM cases without IC. It is assumed that there are A users in a cell, each with power P, and that the own cell interference is 
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. Other cell interference is modeled as a fixed ratio of the own cell interference as
[image: image4.wmf](

)

P

A

F

I

other

×

×

=

1

.
The received SINR for a user is then
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where 
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 is the interference cancellation efficiency factor for own cell interference and indicates the amount of interference that the IC receiver can cancel. Suppression of other cell interference is modeled simply as a reduction of the other cell interference power and λ depends on the interference scenario and on the receiver (
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Table 2 gives the throughput for USTS with and without own cell interference cancellation, and Normal CDM with and without own cell interference cancellation. The assumptions for both USTS and Normal CDM are the same as in ‎[2], with USTS operating at a higher coding rate (0.75) than Normal CDM (0.33). The different coding rate is justified by the fact that in the Normal CDM case the system is likely to assign a lower SF especially for large transport block sizes, while for USTS it is assumed SF=16.

Note that under the conservative assumption that the IC efficiency for own cell interference is 70%, Normal CDM+IC throughput is higher than USTS with perfect synchronization. The case of USTS + interference cancellation of other in-cell users gives only a small improvement because in the USTS case the interference to be removed is smaller than in the Normal CDM case. The throughput in the fifth column of Table 2 refers to the case of no synchronization error and 70% efficiency in removing the interference due to dispersion.
Applying other cell interference suppression to USTS and Normal CDM should give similar results as the interference scenarios are similar.
Table 2: Throughput for USTS and Normal CDM with and without own cell interference cancellation.
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3.1 Single cell analysis

The benefit of own cell interference cancellation for Normal CDM can also be shown considering the required Ec/N0 to reach a certain rate per user. It is assumed that USTS operates at a higher coding rate (0.75) than Normal CDM (0.33).
Figure 2 shows user throughput versus Ec/N0 per antenna for Normal CDM with single and multiple users, and for USTS with ideal (γ=0.1) and imperfect (γ=0.15 and γ=0.3) synchronization. For a certain rate, the Ec/N0 difference between the single user and multiple user curves indicates the Ec/N0 increase per user to reach that user rate. Note that as the number of users increases, interference limits Normal CDM performance and Normal CDM performs worse than USTS.
Figure 3 shows the user throughput versus Ec/N0 per antenna for Normal CDM+IC and USTS. With interference cancellation Normal CDM can perform better than USTS.
Although this is a simple example, it is another way to show the potential benefits of applying IC to Normal CDM.
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Figure 2 User throughput vs. required Ec/N0 for Normal CDM and USTS.
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Figure 3 User throughput vs. required Ec/N0 for Normal CDM+IC and USTS.
4 System analysis with other cell interference suppression
In this chapter we compare USTS with TDM. As shown in the system simulations in Figure 1, USTS and TDM have similar performance with perfect synchronization. However, the TDM case may have an advantage over USTS due to a better equalization of the dispersive channel. In the TDM case an advanced receiver that suppresses interference should perform well as the number of interfering signals at any given time is small. Thus TDM may have better performance. In the analysis this is captured assuming for USTS an orthogonality factor of 0.1 (PA3 channel) while TDM has an orthogonality factor equal zero (in Table 3 labelled as “TDM+IC”).
Within the cell, both USTS and TDM attempt to make the users orthogonal and have similar performance. For suppressing other cell interference, TDM may have an advantage because fewer dominant users are active at the same time in the neighboring cells and the receiver can better suppress this type of interference. For example, with multiple receiver antennas better interference suppression is possible when there are a few dominant interferers. This is more of an advantage for TDM when data traffic is dominant. With USTS, multiple users will be transmitting at the same time and there will be no dominant interferers. Table 3 shows throughputs for TDM with own and other cell interference suppression for two cases: F’=2.83 and F’=4.25, where F’=F/λ (F’=F when no other cell interference suppression is considered). These two cases model the scenarios that 40% and 60% of other cell interference is suppressed, respectively. 
Table 3: Throughput for TDM with own cell interference cancellation and other cell interference suppression.
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5 Conclusion
The system simulation results in this contribution show that USTS and TDM can achieve similar gains compared to Normal CDM under both ideal and more realistic assumptions in this scenario with low dispersion (PedA channel). In a scenario with higher dispersion (TU channel), the USTS performance degrades more than the performance for Normal CDM and TDM. 
Through system analysis, we show the benefits of applying interference cancellation to Normal CDM and the advantage that Normal CDM+IC has compared to USTS. For the TDM case the potential gains achievable with other cell interference suppression are presented pointing out the advantage that the TDM case might have for suppressing other cell interference with respect to USTS.
It is proposed to capture the contents of this contribution in TR 25.823.
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� EMBED Equation.3  ���















































































































































































































































� In the earlier version of this contribution (R1-080908), the code limitation was different: in the ideal USTS case there was no code limitation at all, while in the other USTS cases the code limitation corresponded to 1.3 Mbps per user. The code limitation in this updated version corresponds to 2.86 Mbps in all USTS cases.
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