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1
Introduction
This contribution is a modified version of R1-081436. It contains additional results for the Intra/Softer/Soft ICIC case. Also results for active set size = 3 have been added.

Intra-cell interference cancellation has been proven to enhance system performance [1]. For intra-cell users, the NodeB receiver can make use of existing Radio Link Set information of each user to cancel them. However, there is no such support for canceling the inter-cell interference. 
This document supports the introduction of IuB signaling to facilitate uplink Inter-Cell Interference Cancellation. ICIC could mitigate interference from UE’s that operate in CELL_FACH as well as the UE’s that suffer from link imbalance in macro networks. A system simulation was performed to study the potential gains of this feature. The study only captures the effects of fast fading and does not capture the impact of path loss variation due to log-normal shadowing between the serving cell and the neighbor cell, as the UE moves in the system. In a separate contribution [2], the impact of the noise rise caused by inter-cell users is shown when there are delays in adding Node-B to the active set.
2
Background of Uplink Interference Cancellation

The capacity of the W-CDMA uplink is interference limited and is related to the Rise over Thermal (RoT) or Noise Rise in a system. It is very well established in information theory [3] that CDMA with successive interference cancellation, maximizes the sum rate capacity of a multiple access channel (such as the uplink of W-CDMA) and in fact outperforms any orthogonal multiple access scheme. 
It has been shown that intra-cell Interference Cancellation (IC) in a NodeB receiver significantly enhances the capacity of a W-CDMA system [1]. System performance can also be improved by Inter-Cell Interference Cancellation (ICIC) since the inter-cell interference becomes the major bottleneck once intra-cell interference has been cancelled. This is especially true in enhanced CELL FACH.
Inter-Cell Interference (Ioc) results from the sum of the W-CDMA waveforms of all the users who do not communicate with the NodeB cell. The Node-B is not aware of these users and hence does not power control or rate control these users. 
A NodeB cell capable of uplink interference cancellation, attempts to cancel all the intra-cell users (a fraction of Ior) by performing the following major steps:

· Path Search

· Demodulation

· Decoding

· Re-Encoding (if the user decodes successfully)

· Data Based Channel Estimation

· Waveform Reconstruction

· Waveform Cancellation

The uplink interference cancellation scheme considered in this document 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

3
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 (
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) as follows
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where
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y

 is the received signal
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x

 is the transmitted signal
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n

 is additive complex Gaussian noise
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 is the channel (Rayleigh)


[image: image6.wmf]h

ˆ

 is the channel estimate
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 is the bipolar transmitted data
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is the error in the reconstructed signal.
4
Scenarios where ICIC may be useful
ICIC would improve significant system performance in the following scenarios.

· When the UE is transmitting E-DCH in CELL_FACH, macro-diversity is disabled.

·  Neighbor Node-B cells neither power control nor rate-control these UEs.
· In the case of DL/UL Link Imbalance, the DL may be quite weak; while the UL may be quite strong (there exists a differential path loss between DL and UL). If the link imbalance occurs at the cell edge, the interference from the UE could cause a significant spike in Rot level in the neighbor Node B. It is then desirable to use ICIC to control the RoT levels to maintain cell throughput.

· HSPA networks that don’t use macro-diversity (for example some deployment scenarios where the evolved flat UTRAN architecture is used [4], or in case of Home NodeB’s with restricted access). In these cases, the cancellation of inter-cell interference is imperative in order to manage the interference caused by the cell-edge users.
5
Simulation Assumptions
Table 1 shows the parameter settings for the system simulation.

Table 1: System Simulation Settings

	Parameter
	Value

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

	Inter-site distance
	2.8km

	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
	0

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
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	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
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	Minimum distance between UE and cell
	>= 35 meters


Table 2 shows the simulation assumptions.

Table 2: System Simulation Assumptions
	Parameter
	Value
	Parameter
	Value

	Users
	10
	RoT
	2-8dB

	Traffic
	Full buffer
	Receiver
	Rake

	Soft Handoff
	OFF
	Channel Estimation
	Realistic

	Power Control
	ON
	Channel
	3GPP channel mix

	HARQ
	ON
	RoT
	2-8dB

	Max transmissions
	4
	Receiver
	Rake

	Active Set Size
	1, 3
	Active Set Threshold
	-18dB

	Candidate Set Size
	12
	Candidate Set Threshold
	-24dB

	Scheduling
	Proportional Fair
	Channel
	3GPP channel mix


Table 3 captures the simulation settings corresponding to Interference Cancellation.

Table 3: ICIC 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


6
Simulation Scenarios
There were 3 cases simulated for the scenario where macro-diversity is disabled (Active Set Size = 1):

· Case 1: Only Intra-Cell cancellation is enabled

· Case 2: Intra-Cell and Softer Inter- Cell cancellation is enabled

· Intra-Cell Interference cancellation is enabled as in the previous case

· The softer cells (co-located with the serving cell of the candidate UEs) once informed of the candidate UEs, decode the UE’s and cancel them if they are successfully decoded.

· As suggested in [6],  the softer cells (co-located with the serving cell of the candidate UEs) do not need any information through the IuB interface to decode the UE’s. 

· However, in the CELL_DCH case, the RNC still needs to rely on pilot measurement reports from the UE (new Event 1A configured in UE whenever a neighbor cell is detected with a lower threshold) and then inform the NodeB of the candidate UEs. Otherwise all the neighbor cells would be over-dimensioned to keep searching the UEs that are being served by the other cells.

· Case 3: Intra-Cell and Softer Inter-Cell and Soft Inter-Cell cancellation is enabled

· Intra and Softer Inter-Cell cancellation are enabled as in the previous case
· The neighbor cells, that are not co-located with the serving cells, decode and cancel the UEs (when they are detected in UTRAN as candidate UEs), even though they do not power control or rate control these UEs. Softer combining for elements of these cells is also enabled.
The above cases were simulated when the active set size is 

· One: There is no macro diversity gain here. For example, this would correspond to EUL in CELL_FACH state.

· Three: This corresponds to the case where ICIC is applied to E-DCH data users in macro cell network with macro diversity enabled.
7
Simulation Results and Observations

Figure 1 shows the comparison of the sector throughputs for the three cases mentioned in the previous section. The active set size is set to one.
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Figure 1: ICIC Performance; Average Sector Throughput (kbps) vs Effective RoT (dB); 3GPP Chanel Mix; Active Set Size = 1
Figure 2 shows the CDF of the user throughput for the three cases. The active set size is set to one.
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Figure 2: CDF of User Throughput (kbps); 3GPP Chanel Mix; Active Set Size = 1.
Figure 3 shows the comparison of the sector throughputs for the three cases mentioned in the previous section. The active set size is set to three.
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Figure 3: ICIC Performance; Average Sector Throughput (kbps) vs Effective RoT (dB); 3GPP Chanel Mix; Active Set Size = 3

Figure 4 shows the CDF of the user throughput for the three cases. The active set size is set to three.
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Figure 2: CDF of User Throughput (kbps); 3GPP Chanel Mix; Active Set Size = 3

The gains are summarized in Table 1. 

Table 1: Summary of ICIC performance at RoT = 4.7 dB

	Active Set Size
	% gain over Baseline @RoT = 4.7dB

	
	Intra Cell + Softer Inter Cell IC
	Intra Cell + Softer Inter Cell + Soft Inter Cell IC

	1
	8
	27

	3
	0
	5.5


It should be noted that the system scenario evaluated in this study does not account for the long-term path loss differential between serving and neighbor cells, due to UE mobility. It only accounts for short term fading effect. 

Key Observations:

· For active set size = 1, as observed in Figure 1, and Table 1, we observe a a significant gain of ~27% in average sector throughput due to Intra/Softer/Soft ICIC over the Intra-cell IC case Even if we compare the performance against the Intra/Softer ICIC case, we observe a gain of ~18% due to Intra/Softer/Soft ICIC.
· For active set size = 3, as observed in Figure 3, and Table 1, we observe a slight gain of ~5% in average sector throughput due to Intra/Softer/Soft ICIC over the Intra-cell IC case.
· It is interesting to note that the performance of  Intra/Softer/Soft ICIC case for active set size =1 matches that of  Intra IC for active set = 3.
The potential benefit of IC-IC could be further evaluated in macro-networks for the following case:

· Link imbalance exists between the DL and UL.
· In this case, the DL path loss to a UE is weak enough, that it is not added to the active set. 

· However the UL path-loss to a neighbor cell may be high enough to cause interference.

· The gains seen in Figure 2 could be higher since a UE with a link imbalance would cause higher interference to the neighbor cells.
· It takes a long time to add a UE to an active set due to network processing delays. 

· In this case, a different Event 1A trigger could be configured in the UE, so that a pilot measurement report leads the UE to been declared as a candidate UE at a neighbor cell.

5
Conclusions

In this document we have studied the system performance of HSPA networks where inter-cell interference cancellation (IC-IC) is enabled. The system scenarios evaluated corresponds to the case where macro-diversity is disabled (Active Set Size =1) and also the case where macro-diversity is enabled. The former is indicative of performance gains that can be realized with EUL in CELL_FACH, flat HSPA architectures (Home NodeBs) or macro-scenarios with link imbalances.  
When the active set size is one; at 4.7dB effective RoT, sector capacity gain of 8% was observed between Intra-Cell IC only and Intra-Cell plus Softer ICIC. Softer inter-cell IC corresponds to the cancellation of candidate UEs in cells that are co-located within the same NodeB. A further gain of 18% was observed when soft inter-cell IC was enabled. When the active set size is 3, the corresponding gains are 0% and 5.5% respectively. It is interesting to note that the performance of  Intra/Softer/Soft ICIC case for active set size =1 matches that of  Intra IC for active set = 3.
It should be noted that the system scenario evaluated in this study does not account for the long-term path loss differential between serving and neighbor cells, due to UE mobility. It only accounts for short term fading effect. If these effects are considered, the potential cell throughput gains may be more significant. Note that in the case of CELL_DCH, for the Intra+Softer IC case, even though enough information is known at the NodeB to decode a candidate UE, a signaling support maybe needed to allow RNC to identify a set of candidate UEs to the NodeB. Otherwise the NodeB processing will be significantly over-dimensioned.
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