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1. Introduction

Three kinds of schemes have been discussed in RAN WG1 for ICI Management :

1. Intra-cell power control parameter adjustment without any communication between cells [1]

 REF _Ref147090608 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref125941402 \r \h 
 \* MERGEFORMAT [3]
2. ICI Management based on Inter-cell power control based on some information exchange 
with neighbor cells [4]

 REF _Ref156814635 \r \h 
 \* MERGEFORMAT [5]

 REF _Ref156814638 \r \h 
 \* MERGEFORMAT [6]
3. Resource Coordination [7][8]

 REF _Ref164249293 \r \h 
 \* MERGEFORMAT [9][10]
The performance of the simpler schemes of the first category can be significantly improved if some minimal information exchange with the neighbor cells is used, hence the second category comes into being [11].
In the Malta RAN WG1 meeting (#48bis), inter-cell power control based on knowledge of the uplink load of neighbor cells through backhaul Overload Indicator (OI) exchange has been agreed as the Working Assumption[12]. Considering the effectiveness of the OI scheme showed by the simulation results provided in the related contributions [6], we advocate the current Working Assumption, and we suppose that the number of bits in OI should be more than just one, in order to contain more information if such information were proved to be beneficial to interference management. 
In Kobe meeting, some schemes in the third category were re-proposed [8]

 REF _Ref164249293 \r \h 
 \* MERGEFORMAT [9][10]. These schemes aim to increase the performance benefits by enhancements to the Working Assumption, combating the uplink interference more effectively.
Schemes in the third category uses frequency resource segmentation, resulting in frequency sub-bands reserved for some particular purposes, such as protecting those edge UEs with relatively poor geometry, by allocating a dedicated sub-band to them or concentrating the interference on some sort of “trash” sub-band. These schemes require rigid coordination among the cells (involving some low-rate backhaul communication between the cells).
In Kobe meeting, we proposed Enhanced Resource Coordination Scheme, which placed some resource allocation restrictions on the UEs with a greater potential to interfere with UEs in adjacent cells, constraining their throughputs to achieve a total throughput improvement. Simulation results show that substantial improvement can be expected.
This is a modified paper based on the contribution of Kobe meeting. 
2. Proposed UL ICI Mitigation scheme
To increase efficient cell edge throughput with lower total throughput degradation, we consider a scheme which (1) partitions the set of a serving cell’s UEs into two additional categories, in addition to just the two categories based on whether a UE is at the cell edge or in the cell-interior; and (2) applies fine resource control policies to each of these 4 resulting UE groups. For the two additional groups, an additional criterion is applied based on the level of interference generated by the serving cell’s UE into adjacent cells, dividing the UEs into major interference-generating UE & minor interference-generating UE. Combining these categories with the cell edge/cell interior categories, we get 4 Types (groups) of serving cell UEs organized into 2 categories each along the vertical axis and the horizontal axis respectively, as shown in Figure 1.
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Figure 1 Four types of UEs for the proposed scheme
In the following section, we describe the details to realize the above scheme. The cellular system deployment is represented in Annex A, where three cells constitute one Node-B.

2.1. Categorization of UEs into 4 groups
2.1.1 – Simple Resource Coordination Scheme as baseline

Firstly, we consider a Simple Resource Coordination Scheme [7], in which each cell reserves some resources (Edge UE’s Resource, EURs) for the edge UEs. UEs are grouped into the Edge UE category if the reported pathloss value (plus shadowing) of the UE from its serving cell is larger than the 
[image: image2.wmf]l

-percentile pathloss, corresponding to pathloss threshold 
[image: image3.wmf]L

, while the UEs are grouped into the interior UE category if it is smaller than 
[image: image4.wmf]L

. (Pathloss value includes propagation loss, antenna gain pattern and shadowing, and the edge UE has a larger pathloss value). The division into these two types of UEs is illustrated in Figure 2.
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Figure 2 Two types of UEs for the simple resource coordination scheme
One EUR doesn’t overlap the other EURs of adjacent cells in the frequency domain, which prevents two edge UEs in adjacent cells from using the same resource. The EURs can be reused by the Interior UEs, in adjacent cells. In order to achieve frequency diversity gain, it’s better to construct the EURs in a hopping FDM manner. 
Figure 3 is an example of EUR configuration in the case of the cell layout in Annex A. Note that E1, E2 and E3 don’t necessarily have to be equal sized and the sum of E1, E2 and E3 doesn’t have to be equal to the whole band. 
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Figure 3 Example of EUR configuration
2.1.2 – Enhanced Resource Coordination Scheme to create 4 UE groups

In addition to the above discussion and in a similar manner, we further use the pathloss of a serving cell UE to an adjacent non-serving cell, observed at the UE, to group all the serving cell UEs into 2 new categories. Heuristically, the non-serving cell pathloss indicates the UE’s potential or probability to inject interference into adjacent cells, therefore, those 2 new categories are defined from the perspective of interference generating level in statistical sense. For each UE, two smallest pathlosses from the non-serving cells to the UE are selected to construct an statistical interference profile list. The 
[image: image7.wmf]h

-percentile of the pathlosses, labeled the threshold 
[image: image8.wmf]Q

, is used to segment all the UEs into two groups: Major Interference-generating UE and Minor Interference-generating UE.

Combining these two groupings creates a 2-dimensional 2×2 matrix which describes four groups of UEs, as illustrated in Figure 1. Each of the groups then contains a Type of UE, Type I to Type IV.
The categorization of the UEs in the serving cell is performed by the serving eNB. The serving eNB must acquire each UE’s pathlosses to the non-serving cells.
Note 1: For the serving eNB, one way to acquire the pathlosses from the non-serving eNBs to the UE in the cell, is by reading the corresponding pathloss measurements, if available, in the normal UE handover measurement report. 
Another way is by using backhaul communications between eNBs. For example, in UMTS, every NodeB broadcasts the neighbour Node-Bs’ DL CPICH Tx powers on the BCH. These parameters are fairly static and do not need to be updated except very occasionally, and thus the backhaul signalling load is extremely low. Thus the serving eNB can obtain the DL CPICH Tx powers of neighbour eNBs’ via backhaul communications, and with the neighbour cells’ CPICH RSCPs reported by the UEs, the eNB can calculate the non-serving pathlosses for the UEs.
Even the pathlosses are not available, we can use RSRP [13] instead of pathloss to obtain the geometry information, thus, still dividing the UEs into major interference-generating UE & minor interference-generating UE. 
Note 2: Each serving eNB obtains the non-serving pathlosses of the UEs in the cell from time to time. However, due to the slow variation of the pathloss, the update rate of non-serving pathlosses could be in the order of hundreds of milliseconds or less.
2.2. Resource allocation strategies for the 4 groups
After the previous step of grouping of UEs into 4 groups and creating 4 Types, four different resource allocation strategies are applied for each of the four Types of UEs:

· Type I: UEs at cell edge with a high level of interference

Policies: authorized to access the 
[image: image9.wmf]EUR

 of the serving BS; forbidden to use 
[image: image10.wmf]EUR


· Type II: UEs at cell edge with a low level of interference

Policies: authorized to access 
[image: image11.wmf]EUR

 of the serving BS; forbidden to use 
[image: image12.wmf]EUR

; optional power boost
· Type IV: UEs in the interior area with a low level of interference
Policies: authorized to access 
[image: image13.wmf]EUR

 of the serving BS; limited right to use 
[image: image14.wmf]EUR

 of the serving BS
Note: the limited right is defined in Annex C.3
· Type III: UEs in the interior area with a high level of interference
Policies: forbidden to use 
[image: image15.wmf]EUR

 of the serving BS and the potential interfered BS; optional power reduction;
Some detailed explanations and corresponding examples are given in Annex C. 
3. Performance Simulation

We simulated the Enhanced Resource Coordination Scheme and compared its performance with the Simple Resource Coordination Scheme. Four scenarios were simulated:
1. No Mitigation
2. Simple Resource Coordination (
[image: image16.wmf]l

=10)
3. Enhanced Resource Coordination – Parameter set 1 (
[image: image17.wmf]l

=9; 
[image: image18.wmf]h

=98)
4. Enhanced Resource Coordination – Parameter set 2 (
[image: image19.wmf]l

=10; 
[image: image20.wmf]h

=99)
Simulation assumptions are given in Annex D. 
Table 1 gives the 5-percentile UE throughput (as the cell-Edge UE throughput), overall throughput performance and the tradeoff efficiency between the cell-Edge UE throughput and the overall throughput of the four schemes. 
Table 1. Performance Results: Throughput --- Cell-edge & Overall
	Scheme
	Cell-Edge 5-percentile UE Throughput (Kbps)
	Overall Cell 
Throughput (Kbps)
	Edge UE Throughput gain at the cost of 1% cell throughput reduction

	1. No Mitigation

	82
	9916
	/

	2. Simple Resource Coordination 
	144
	9532
	19.5%

	3. Enhanced Resource
Coordination – Parameter set 1
	136
	9655
	25.1%

	4. Enhanced Resource Coordination – Parameter set 2
	148
	9649
	29.9%


The Scheme with No interference mitigation achieves the highest overall throughput (9916Kbps) but with a very poor edge UE throughput (82kbps). The simple resource coordination scheme achieves much higher edge UE throughput (144kbps, up 75.6% compared to No interference mitigation scheme) but a relatively poor overall throughput (9532, down 3.87%). Generally speaking, 1 percent loss in overall throughput can get a 19.5 percent gain in edge throughput.
Thus the No mitigation case and the Simple case represent two extremes in terms of performance. 
The proposed Enhanced Resource Coordination Scheme achieves two distinct advantages:
A. It offers improvements in performance compared with the simple scheme

B. It allows a trade-off between the cost in overall throughput versus the gain in edge throughout.
For the Enhanced Resource Coordination Scheme the Performance Results are - (Parameter set 1: edge UE throughput 136kbps, up 65.9%; overall throughput 9655, down 2.63%. Parameter set 2: edge UE throughput 148kbps, up 80.5%; overall throughput 9649, down 2.69%).One percent loss in overall throughput can get a 25.1 percent (Parameter set 1) and a 29.9% percent (Parameter set 2) gain of edge throughput, which is 28.7% and 53.3% more efficient than the Simple Resource Coordination Scheme 
4. Conclusions

Based on the analysis and results above, the following is a Summary:

· The Simple resource coordination scheme achieves considerable gain in edge UE’s throughput compared to No mitigation, but at a relatively high cost of overall throughput reduction.
· The Enhanced Resource Coordination Scheme has the advantage of the simple resource coordination scheme, while achieving a higher overall throughput than the Simple scheme.
· The Enhanced Resource Coordination Scheme allows a more flexible trade-off between the cell-edge UE throughput gain and the overall cell-throughput cost. 
· Since the Enhanced Resource Coordination Scheme operates semi-statically, while OI scheme dynamically, the implementation of the Enhanced Resource Coordination Scheme is consistent with the OI scheme, and may be combined with it to achieve better performance because the former improves the edge UE’s throughput, while the latter increases the overall throughput.

Therefore, in addition to the OI scheme, we propose that the Enhanced Resource Coordination Scheme should also be implemented in the LTE uplink system. This kind of combined OI scheme and Resource Coordination Scheme will be our future work. 
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ANNEX A: Cellular system deployment (19 Node-Bs – 3 cells per Node-B)
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ANNEX B: EUR configuration of the simple resource coordination scheme
and the proposed scheme

(3 cells per Node-B)
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ANNEX C: Some detailed explanations and corresponding examples of
the enhanced resource coordination scheme

C.1.
Resource allocation method for Type I : UEs at cell edge generating high level of interference
The category Type I means that the UEs are at the edge of serving cell, at the same time injecting much interference into adjacent cells. Therefore, this kind of UE is authorized to access 
[image: image23.wmf]EUR

of the serving cell and forbidden to use 
[image: image24.wmf]EUR

, which is illustrated in Figure 4.
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Figure 4 Resource access authorization for Type I UEs
C.2.
Resource allocation method for Type II : UEs at cell edge generating low level of interference
The category Type II represents the UEs that are at the edge of serving cell, while generating little interference to adjacent cells. Like Type I UEs, Type II UEs are also authorized to access 
[image: image26.wmf]EUR

 of the serving cell and forbidden to use 
[image: image27.wmf]EUR

, which is illustrated in Figure 5.

Considering the level of interference, this kind of UEs may able to have an optional power boost to improve the uplink data transmission as long as their interference levels are tolerable to adjacent cells. 
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Figure 5 Resource access authorization for Type II UEs
C.3.
Resource allocation method for Type IV : UEs at interior area generating low level of interference
The category Type IV represents the UEs that are in the interior area of serving cell, at the same time introducing little interference to adjacent cells. This type of UEs are authorized to access 
[image: image29.wmf]EUR

 of the serving cell. Moreover, when 
[image: image30.wmf]EUR

 hasn’t been used up by the associated authorized UEs, it can be used by Type IV UEs. Therefore, Type IV UEs have limited right to use 
[image: image31.wmf]EUR

 of the serving cell. The above rule is represented by Figure 6.
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Figure 6 Resource access authorization for Type IV UEs
C.4.
Resource allocation method for Type III : UEs at interior area generating high level of interference 
The category Type III means that the UEs are in the interior area of serving cell, while still generating much interference to adjacent cells. Type III UEs are forbidden to use 
[image: image33.wmf]EUR

 of the serving cell and the potential interfered cell. For example, if the pathloss from non-serving cell B to the UE (whose serving cell is A) is smaller than 
[image: image34.wmf]Q

, then this UE can’t use both 
[image: image35.wmf]EUR

 of cell A and B.. In addition, this type of UEs may have an optional power reduction to further decrease the interference to adjacent cells. The above rule is represented by Figure 7.
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Figure 7 Resource access authorization for Type III UEs
However, there is one exception: if some UEs of type III were forbidden to use all resources due to the resource restriction policy listed above, they would be authorized to use 
[image: image37.wmf]EUR

 of the serving cell. This case is illustrated in Figure 8.
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Figure 8 Resource access authorization for Type III UEs of exception
ANNEX D: Simulation parameters
	Parameter
	Assumption

	Cellular Model and Layout
	Hexagonal grid, 19 Node-Bs, 3 cells per Node-B. 

	UE’s position
	Dropped uniformly in entire cell

	Number of UEs per cell
	40

	Total number of UEs per drop
	40(19(3 = 2280

	Carrier Frequency / System bandwidth
	2GHz / 10MHz

	Number of subcarriers
	600

	Number of resource blocks
	48

	Number of subcarriers per resource block
	12

	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 Node-Bs
	0.5

	
	Between cells
	1.0

	Penetration Loss
	20dB

	Antenna pattern
	As in 25.814

	cell antenna gain plus cable loss
	14 dBi

	cell Noise Figure
	5 dB

	Thermal noise density
	-174dBm/Hz

	Minimum distance between UE and cell
	35 meters

	Channel model
	6-ray GSM Typical Urban (TU)

	UE speeds of interest
	3kmh

	UE power class
	24dBm

	Number of UE antennas
	1

	Number of cell antennas
	2

	Inter-cell Interference Modelling
	Out – of – cell interference is freq. selective. All 6 TU paths from all UEs (in the 19 eNB model) to all cells were explicitly modelled

	 Power Control
	FPC (Fractional power control) [1]

	Rmin in the FPC
	0.00001

	
[image: image39.wmf]a


	0.8

	HARQ type
	Chase combining

	Number of HARQ Processes
	5

	Number of retransmission delays
	6 TTIs

	Scheduler
	Proportional fairness

	Scheduling interval
	1 TTI

	Scheduling delay
	1 TTI

	UE traffic model
	Full buffer

	Equalizer
	MMSE

	Link Performance Prediction
	EESM

	Channel Estimation Loss
	Same as [14]

	Payload size penalty
	Same as [14]

	CQI Estimation Errors
	None

	BLER threshold
	0.1

	MCS Set
	QPSK
	R = {1/3, 1/2, 2/3, 4/5} 

	
	16QAM
	R = {1/2, 2/3, 3/4, 4/5}

	Coding
	Release 6 Turbo Coding

	Parameter 
[image: image40.wmf]l

 in the simple resource coordination scheme
	10

	Parameter 
[image: image41.wmf]l

 and 
[image: image42.wmf]h

 in the proposed scheme
	Parameter set 1: 
[image: image43.wmf]l

=9; 
[image: image44.wmf]h

=98

	
	Parameter set 2: 
[image: image45.wmf]l

=10; 
[image: image46.wmf]h

=99

	EUR configuration of

the simple resource coordination scheme and the proposed scheme
	See Annex B

	Power boost/reduction for Type II/III UEs
	Disengaged


Note 1: The parameters 
[image: image47.wmf]l

(and 
[image: image48.wmf]h

) listed in Table 1 are selected by simulations in order to optimize the performance of the schemes of interest.

Note 2:All the parameters in the simulated scheme are settable by the operator according to the network planning, traffic load, service area coverage, QoS, etc. The parameter values listed here are only examples to show the effectiveness of the schemes.
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