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1
Introduction
This contribution is a revised version of [5] The system simulation results presented in [5], were based on using short term curves derived from link simulations using different DPCCH slot formats (0 and 1). In this contribution, we present the same set of system simulation results as in R1-08, using a single DPCCH slot format 1 (8 Pilot, 2 TPC) for all the scenarios (macro-cell and micro-cell).

In [1], a detailed link analysis was performed to evaluate the benefit of Synchronized E-DCH. The performance was evaluated for a multi-user environment, with each user encountering the same type of wireless channel, using single LMMSE receivers at the NodeB. Mixed channel performance in a multi-user scenario was also presented. 
In [2], performance gains of Sync E-DCH in Macro and Micro cell scenarios were presented. In this contribution we present system simulation results for uplink interference cancellation in the same scenarios for a comparative performance evaluation. 
2
Simulation Scenarios
Table 1 shows the parameter settings for the Macro cell Scenario.
Table 1: Macro Cell Simulation Settings
	Parameter
	Value

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	20

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
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= 70 degrees,  Am = 20 dB

	UE power class
	21dBm (125mW)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Users dropped uniformly in entire cell
	
[image: image2]

	Minimum distance between UE and cell
	>= 35 meters


Table 2 shows the parameter settings for the Micro cell Scenario

Table 2: Micro-cell system simulation parameters

	Parameter
	Value

	Cellular Layout
	Hexagonal grid, 19 cell sites, 1 sectors per site

	Inter-site distance
	130m

	Distance-dependent path loss
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	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [6]

	Shadowing standard deviation
	10dB

	Correlation distance of Shadowing
	25 m

	Shadowing correlation
	Between cells
	0.0

	
	Between sectors
	n.a

	Penetration Loss
	n.a

	Antenna pattern  (horizontal)

(For omni cell sites with fixed antenna patterns)
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	Carrier Frequency
	CF= 2GHz

	UE power class
	21dBm (125mW). 24dBm (250mW)

	BS position in the middle of the hexagon
	[image: image41.wmf]dB

3

q




	Users dropped uniformly in entire cell
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	Minimum distance between UE and cell
	>= 10m (and minimum coupling loss of -53dB)

The distance dependent path loss + shadow fading is lower limited to free-space distance dependent path loss


3
Simulation Assumptions

Table 3 captures the assumptions made for the system simulation.

Table 3: Simulation Assumptions

	Parameter
	Value

	Users
	10

	TTI
	2ms

	Traffic
	Full buffer

	E-DPCCH/DPCCH
	1 dB

	Soft Handoff
	ON

	Power Control
	ON

	HARQ
	ON

	Max transmissions
	4

	RoT
	~2-8dB

	Receiver
	Rake

	Channel Estimation
	Realistic

	Scheduling
	Proportional Fair Channel Based

	Channels
	PA3, TU6

	Speed
	3km/h


Table 4 captures the simulation settings corresponding to Interference Cancellation.
Table 4: Simulation Assumptions
	Parameter
	Value

	Traffic Interference Cancellation
	ON

	Pilot Interference Cancellation
	ON

	Overhead Interference Cancellation
	ON

	Inter-cell Interference Cancellation
	OFF

	Algorithm for Interference Cancellation
	Group Iteration (GICIter)

	Number of Group Iterations
	2

	Algorithm for Mobile Ordering for IC
	Order by Re-Transmission Number


4
Overview of Uplink Interference Cancellation (IC)
The performance of Uplink IC was studied extensively in macro cells during EUL study. The uplink interference cancellation scheme considered here [3], [4] is the Iterative Parallel Group Cancellation (GICIter) algorithm. A block diagram representation of the algorithm is shown in Figure 1.
UE’s are ordered into groups according to a mobile ordering algorithm. In this simulation we order the UE’s according to the RSN index (RSN = {0, 1, 2, 3}). Users corresponding to Group 4 are demodulated and decoded. Interference corresponding to the users that decoded correctly is accumulated and cancelled. Group 3 users are demodulated and decoded next and so on, until all the UE’s have been attended to. The decode-cancel process is repeated 1 or 2 times depending on available resources and complexity constraints.
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Figure 1: Block diagram representation of the Iterative Parallel Group Cancellation algorithm
5
Definition of IC Efficiency (Beta)

As mentioned in the previous section, interference caused by UE’s that have decoded successfully is cancelled from the received signal. The IC cancellation efficiency is a measure of the amount of interference that can be successfully cancelled. This depends on the quality of the reconstructed signal of the decoded UE which depends on the level of the received Ec/Nt.

For example, for a single path channel, we define Beta (
[image: image5.wmf]b

) as follows
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where
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 is the received signal
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 is the transmitted signal
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 is additive complex Gaussian noise
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 is the channel (Rayleigh)
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 is the channel estimate
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 is the bipolar transmitted data

[image: image12.wmf]k

e

is the error in the reconstructed signal.
In this simulation setup, we consider PA3 and TU6 channels. The Beta curves as a function of per-path Ec/Nt are given in Figures 2 and 3.
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Figure 2: Per-path Beta vs Ec/Nt; PA3 Channel
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Figure 3: Per-path Beta vs Ec/Nt; TU6 Channel

6
Definition of Effective ROT 

Effective RoT represents the residual interference experienced by users after Interference Cancellation. It is defined as the average of residual RoT (denoted RoT’) that each user encounters in all his retransmissions.


[image: image15.wmf]å

å

=

=

÷

÷

ø

ö

ç

ç

è

æ

=

users

i

N

i

ReTx

j

j

i

i

users

eff

ROT

ReTx

N

ROT

1

1

,

'

1

1


where 
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is the umber of users in each sector
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An illustration of how the Effective RoT affects sector throughput and its relation to the Actual RoT is given in Figure 4.
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Figure 3: Illustration of Effective ROT in comparison with Actual ROT

7
Simulation Results and Observations

The results of the simulations are summarized in Tables 5, 6 and 7.
Table 5: Macro Cell: Throughput @ 6 dB Effective ROT; 10 users
	Channel Type
	IC Scheme
	Throughput (kbps)
	% Gain over MF

	PA3
	MF (No IC) - Baseline
	1730
	0

	
	GICIter (2 Iter)
	2665
	54

	TU6
	MF (No IC) - Baseline
	1725
	0

	
	GICIter (2 Iter)
	2582
	50


Table 6: Micro Cell: Throughput @ 6 dB Effective ROT; 10 users
	Channel Type
	IC Scheme
	Throughput (kbps)
	% Gain over MF

	PA3
	MF (No IC) - Baseline
	2651
	0

	
	GICIter (2 Iter)
	4290
	62

	TU6
	MF (No IC) - Baseline
	2440
	0

	
	GICIter (2 Iter)
	3773
	55


Table 7: Macro Cell: Throughput @ 6 dB Effective ROT; 10 users
	Channel Type
	% Gain over MF at 10 percentile point

	Macro Cell
	PA3
	40

	
	TU6
	38

	Micro Cell
	PA3
	67

	
	TU6
	77


The figures corresponding to Tables 1 and 2 are given in Annex 1. From the figures and above table, we observe the following with regards to system performance for Interference Cancellation:

· There are significant gains (50% to 62%) for the Iterative Parallel Group Cancellation scheme in both PA3 and TU6 channels and for both the Macro and Micro simulation scenarios. 
· The performance trend shows that the gains improve as the RoT increases. 
· Fairness for the IC simulations is identical to that of the MF (No-IC) case. 
· The increase in user throughput is seen for all users including the ones at the cell edge. In particular, at the 10 percentile point, we observe the following gains in user throughput over the matched filter case:
· ~ 40% gain in macro cell
· 67% to 77% gain in micro cell
8
Conclusions

A system simulation study was performed to evaluate the performance of Uplink Interference Cancellation for E-DCH in an Advanced NodeB receiver. The channels studied were PA3 and TU6 and the simulation was carried out for 10 users per sector for the Macro and Micro cell simulation scenarios [2].
The results show significant gains for Uplink Interference Cancellation as compared with the existing 3GPP Rel. 7 uplink E-DCH. Gains of the order of 50% to 62% can be achieved depending on the channel type and IC scheme employed. 
The results also show that the gains obtained due to IC are much higher than the Sync E-DCH gains demonstrated in [2] without any changes in the existing 3GPP Rel.7 spec. It is proposed to capture the contents of this contribution in TR 25.823.
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Annex 1
 System Simulation Plots

In this section we plot the following:
1) Average Sector Throughput (kbps) vs Average Effective RoT (dB)
2) Average Actual RoT (dB) vs Average Effective RoT (dB)

3) Fairness curves
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Figure 4: Average Sector Thrpt (kbps) vs Effective RoT (dB); 10 users; PA3; Macro Cell
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Figure 5: Average Actual RoT (dB) vs Average Effective RoT (dB); 10 users; PA3; Macro Cell
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Figure 6: Fairness; 10 users; PA3; Macro Cell
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Figure 7: User Throughput (kbps); 10 users; PA3; Macro Cell
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Figure 8: Average Sector Thrpt (kbps) vs Effective RoT (dB); 10 users; TU6; Macro Cell
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Figure 9: Average Actual RoT (dB) vs Average Effective RoT (dB); 10 users; TU6; Macro Cell
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Figure 10: Fairness; 10 users; TU6; Macro Cell
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Figure 11: User Throughput (kbps); 10 users; TU6; Macro Cell
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Figure 12: Average Sector Thrpt (kbps) vs Effective RoT (dB); 10 users; PA3; Micro Cell
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Figure 13: Average Actual RoT (dB) vs Average Effective RoT (dB) 10 users; PA3; Micro Cell
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Figure 14: Fairness; 10 users; PA3; Micro Cell
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Figure 15: User Throughput (kbps); 10 users; PA3; Micro Cell
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Figure 16: Average Sector Thrpt (kbps) vs Effective RoT (dB); 10 users; TU6; Micro Cell
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Figure 17: Average Actual RoT (dB) vs Average Effective RoT (dB) 10 users; TU6; Micro Cell
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Figure 18: Fairness; 10 users; TU6; Micro Cell
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Figure 19: User Throughput (kbps); 10 users; TU6; Micro Cell
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