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Introduction
During eIMTA study item phase [1], network based cell-clustering interference mitigation schemes have gained interest among 3GPP partners to mitigate cross-link interference components in multi-cell network with dynamic UL/DL TDD configuration. In e.g. [2], [3], [4], [5],[7] the network based cell-clustering schemes have been studied in single- and multi-cell pico deployment scenarios with various traffic asymmetricity as well as network load assumptions.

In this contribution, we provide further insights on the operation of the cell-clustering by extending previous work in [7] to modified  Rel-12 small cell deployment scenarios. Particularly, the impact of different deployment scenarios to a cluster size as well as packet throughput performance are discussed.

2 Discussion on Cell-Clustering in Modified Rel-12 Small-Cell Scenarios
In this section, system-level results on a cell-clustering scheme with dynamic UL/DL reconfiguration in different combinations of modified Rel-12 Small-Cell deployment scenario #2a are discussed. More specifically, the cluster size associated with the cell-clustering scheme and packet throughput performance are considered. Here, we mean by  modified Rel-12 small cell deployment scenario that UEs and pico eNBs are deployed exactly according to the small-cell scenario #2a definition. Additionally, minimum distances between clusters, pico eNBs and UEs follow the small-cell definitions provided in [7]. Since existing Rel-12 small-cell channel models do not include propagation models for UE-UE and BS-BS links,  the propagation models from  the eIMTA multi-cell outdoor pico scenario  are adopted in this contribution. It is worth noting that the considered modified small-cell scenario is deployed under the coverage of a macro. In fact, this procedure is the same as in the eIMTA multi-cell pico scenario when macro layer is deployed without  activating it. Consequently, all 30 UEs are dropped within each cluster regardless of number of pico BSs in a cluster. Figure 1 provides an example of the deployment of pico eNBs and UEs. It is worth noting that a traffic is generated according to the eIMTA traffic generation procedure. Further details on the simulation parameters and assumptions can be found from  appendices A to C. 
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Figure 1. Small cell and UE dropping.

Typically, clusters are formed among cells based on a coupling metric, e.g. path loss, to determine the feasibility of a cell to be part of a cluster. In this paper, we consider a coupling loss based cell-clustering scheme where the coupling loss of X dB was used as a clustering threshold [1]. Simulated values for X are [40, 50, 60, 80, 100, 120, 140 and 160] dB together with reference case where no cell-clustering is considered. 

In the following, the probability density functions of a cluster size as well as the mean cluster size for different coupling loss thresholds are shown. In addition, the cell average packet throughputs as a function of packet arrival rate are presented and analysed for a subset of coupling loss values. The adaptation time scale for uplink (UL)/downlink (DL) reconfiguration is set at 10ms. For benchmarking purposes, the results of without the cell clustering (No CC) as well as the fixed UL/DL configuration #1 are added. The simulation parameters and assumptions are summarized in Appendices A to C.
2.1 Discussion on Cluster Size with Cell-Clustering 
In this section, the impact of modified small-cell scenarios to the cluster size associated with a cell clustering scheme is discussed.  
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Figure 2. Probability density function of cluster size for Small Cell Scenario 2a: 1 Cluster and 4 Picos per MCA.
Figure 2 shows the probability density function of a cluster size associated with the cell-clustering scheme in [1] for the modified small-cell scenario #2a with 1 dropped cluster and 4 pico eNBs. In contrast to the eIMTA outdoor pico results in [7], it can be observed that the cluster size associated with the cell-clustering is larger. It is worth noting that the same coupling loss threshold values have been used in both deployment scenarios. The reason for the increased cluster size is that the small cell deployments are, in general, denser compared to the eIMTA deployment scenarios. As a result, a stronger coupling in terms of interference between cells can be observed in the modified small-cell scenarios with respect to eIMTA scenarios. 
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Figure 3. Probability density function of cluster size for Small Cell Scenario 2a: 1 Cluster and 10 Picos per MCA.
Figure 3 depicts the probability density function of a cluster size for the modified small-cell scenario #2a with 1 dropped cluster and 10 pico eNBs. As can be seen, further densification of a network increases the cluster size remarkably compared to the modified small-cell  with 4 pico eNBs and eIMTA outdoor pico scenarios .

Table 1 provides a summary of the mean cluster size associated with the cell-clustering scheme in different deployment scenarios. As can be seen, the mean cluster size becomes significantly larger due to a network densification in modified small-cell scenarios compared to the eIMTA outdoor pico. For instance, by using a typical value of 80 dB coupling loss threshold, the mean cluster with eIMTA and the modified small-cell scenario with 2 dropped clusters and 10 pico eNBs is equal to  1.53 and 192.66, respectively. 
Further results on cluster size associated with the cell-clustering can be found from Appendix D . 
Table 1. The mean cluster size associated with cell-clustering scheme in different deployment scenarios.
	Coupling threshold / Scenario
	40 dB
	50dB
	60dB
	80dB
	100dB
	120dB
	140dB
	160dB
	Max. cluster size(1)

	1 cluster, 4 eNBs
	1.34
	3.08
	4.15
	5.00
	5.02
	5.17
	11.85
	84
	84

	1 cluster, 10 eNBs
	2.84
	10.75
	12.49
	21.45
	22.22
	22.22
	58.17
	210
	210

	2 clusters, 4 eNBs
	1.34
	3.28
	5.59
	12.34
	12.53
	13.24
	136.59
	168
	168

	2 clusters, 10 eNBs
	2.82
	14.69
	28.63
	192.66
	214.29
	214.29
	420
	420
	420

	eIMTA

outdoor pico
	1
	1.06
	1.30
	1.53
	1.50
	1.60
	45.65
	84
	84


(1) Note that the maximum cluster size is equal to NClusters× Nmacro_sectors× Npico_per_cluster×Nmacro_sites, where NClusters is number of clusters per MCA,  Nmacro_sectors is number of macro sectors, Npico_per_cluster number of pico eNBs per cluster and Nmacro_sites number of macro sites. (1)
Observation 1: 
· The cluster size associated with the cell-clustering scheme becomes significantly larger in the modified small-cell scenarios with respect to the outdoor pico eIMTA deployment scenario.
· Due to the costs of backhaul network and its limited backhauling capabilities, it might be challenging to have clusters with large number of cells in practical network deployments. 

· Since the cell-clustering scheme with dynamic UL/DL reconfiguration is centralized processing based scheme, extensive amount backhaul traffic is required within a cluster associated with large number of cells.

2.2 Discussion on Packet Throughput Performance
In this section, we consider average cell packet throughput performance of a cell-clustering scheme in different modified small-cell deployment scenarios.  

To limit the size of a cluster to be at a reasonable level, the packet throughput simulations have been carried out with the subset of previously considered coupling loss threshold values, i.e. [50 and 80].The cell average packet throughput is defined as an average of mean UE packet throughputs. Likewise, the mean UE packet throughput is determined as an average of packet throughputs over all packets sent/received by the UE.
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Figure 4. DL cell average packet throughput as a function of packet arrival in the modified small-cell scenario with one dropped cluster and 10 pico eNBs, packet size=0.5 Mbytes, λDL/ λUL=0.5.
Figure 4 shows the cell average downlink packet throughput as a function of DL packet arrival rate in the modified small-cell scenario with one dropped cluster and 10 pico eNBs. As can be observed, by increasing the network loading the amount of interference is also increased resulting in the performance degradation of all the schemes. In general, due to possible uplink transmissions, the level of downlink-to-downlink inter-cell-interference can be lower with smaller cluster sizes. As a result, a better packet throughput performance can be achieved with the small number of cells within a cluster than large number. In contrast to the eIMTA outdoor pico scenario, the DL packet throughput performance degrades faster to a fixed level when the network loading is increased. It is worth noting that the cell-clustering with dynamic UL/DL reconfiguration associated with large number cells can outperform the fixed TDD configuration #1. 
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Figure 5. UL cell average packet throughput as a function of packet arrival in the modified small-cell scenario with one dropped cluster and 10 pico eNBs, packet size=0.5 Mbytes, λDL/ λUL=0.5.
Figure 5 illustrates the uplink cell average packet throughput performance as a function of UL packet arrival rate in the modified small-cell scenario with one dropped cluster and 10 pico eNBs. As can be observed, the cell-cluster scheme can outperform clearly a non-clustered scheme when the network loading is increased. The reason for this is that  the cell-clustering  scheme can  mitigate downlink-to-uplink cross-link inter-cell-interference. In contrast to the eIMTA outdoor pico scenario, the UL packet throughput performance degrades faster to a fixed level when the network loading is increased. Furthermore, the fixed configuration (TDD configuration #1) provides the best cell average packet throughput performance at the medium to high network loadings.
Further results on average cell packet throughput performance in both UL and DL  with one clusters and 4 pico eNBs can be found from Appendix E.

Observation 2: 
· Due to the densification of a network in the modified Rel-12 small-cell scenarios, downlink-to-dowlink and uplink-to-uplink inter-cell-interference can have a more severe impact to   cell average DL/UL throughput performance than in the eIMTA outdoor pico deployment scenario.

· Due to densification of a network in the modified Rel-12 small-cell scenarios, downlink-to-uplink cross-link inter-cell-interference can have more detrimental impact to  cell average UL  throughput performance than in the eIMTA outdoor pico deployment scenario.

· In contrast to the eIMTA outdoor pico scenario, average cell packet throughput performance in both UL an DL degrades significantly faster to a fixed level when the network loading is increased. 
3
Conclusions
In this contribution, further insights on the operation of the cell-clustering scheme in different Rel-12 modified small deployment scenarios have been provided. Particularly, the impact of different deployment scenarios to a cluster size as well as average packet throughput performance has been discussed. 
Observation 1: 
· The cluster size associated with the cell-clustering scheme becomes significantly larger in the modified small-cell scenarios with respect to the outdoor pico eIMTA deployment scenario.

· Due to the costs of backhaul network and its limited backhauling capabilities, it might be challenging to have clusters with large number of cells in practical network deployments. 

· Since the cell-clustering scheme with dynamic UL/DL reconfiguration is centralized processing based scheme, extensive amount backhaul traffic is required within a cluster associated with large number of cells.

Observation 2: 
· Due to the densification of a network in the modified Rel-12 small-cell scenarios, downlink-to-dowlink and uplink-to-uplink inter-cell-interference can have a more severe impact to   cell average DL/UL throughput performance than in the eIMTA outdoor pico deployment scenario.

· Due to densification of a network in the modified Rel-12 small-cell scenarios, downlink-to-uplink cross-link inter-cell-interference can have more detrimental impact to  cell average UL  throughput performance than in the eIMTA outdoor pico deployment scenario.

· In contrast to the eIMTA outdoor pico scenario, average cell packet throughput performance in both UL an DL degrades significantly faster to a fixed level when the network loading is increased. 
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Appendix A: Simulation Parameters for Outdoor Multi-cell Pico
	Simulation Scenario
	Small Cell Enhancements Scenario #2a without macro presence [7]
outdoor Pico-outdoor Pico cells        

	System bandwidth
	10MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m                                                                                           [case1 in 36.942]

	Macro deployment
	7-cells and 3-sectored hexagon system layout
[36.942]. 
Note that macro cells are deployed but not activated.                               

	Outdoor Pico antenna pattern
	2D, Omni-directional
[36.814]

	Outdoor Pico antenna gain
	5 dBi
[36.814]

	UE antenna gain
	0 dBi
[36.942]

	Outdoor Pico noise figure
	13 dB
[36.104]

	UE noise figure
	9 dB
[36.814]

	Outdoor Pico max transmission power
	24 dBm as in [36.104]

	UE power class
	23 dBm (200 mW)
[36.814]

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5
[36.814]

	Pathloss model
	 
	

	Shadowing standard deviation
	Pico to UE LOS
	3 dB

	
	Pico to UE NLOS
	4 dB

	
	UE to UE
	12 dB

	
	Pico to Pico
	6 dB

	Outdoor Pico- outdoor Pico propagation
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R) 

else, PL(R)=101.9+40log10(R), R in km

NLOS: PL= 40log(R)+169.36   R in km  

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Outdoor Pico-UE propagation
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  
For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Outdoor UE-outdoor UE propagation
	If R<=50m;PL=98.45+20*log10(R),R in km

If R>50m;PL=40log(R)+175.78 R in km

 (Xia model)


Appendix B: Simulation Assumptions for Outdoor Multi-cell Pico
	Simulation methodology
	DL and UL shall be evaluated in an integrated simulator

	Scheduler
	FIFO

	Pico antenna configuration
	1Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	BS receiver 
	MRC

	UE receiver
	MRC

	Adaptation method of UL-DL reconfiguration
	10ms interval, based on instantaneous load

	Link adaptation
	MCS selection with 10% BLER, ideal LA, no OLLA


	Channel estimation
	Ideal

	Outdoor Pico DL power control
	Not modeled

	UE UL Power control
	open-loop : alpha = 0.8, Po= -76dBm

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations.

	Small scaling fading channel
	Not modeled

	CP length
	normal CP in both downlink and uplink.

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	The packet drop time is either not modeled or model according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB). Details to be provided by each company

	Traffic model
	FTP model 1 in 36.814 with independent traffic generation per cell. Same arriving rate for all the cells 
λDL={0.5,1.5,2.5,5},λUL={0.25,0.75,1.25,2.5}  
file size 0.5Mbytes                           

	UL modulation order
	All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order


Appendix C: Simulation Parameters related to Small-Cell Scenario #2a.
	Parameter
	Assumption

	Number of clusters per macro cell geographical area
	1, 2

	Number of small cells per cluster
	4, 10

	Number of small cells per MCA
	[ 4, 8, 10, 20 ]

	UE dropping
	30 UEs randomly and uniformly dropped within the cluster

	Radius for small cell dropping in a cluster
	50 m

	Radius for UE dropping in a cluster
	70 m

	Minimum distance


	Small cell-small cell
	20 m

	
	Small cell-UE
	5 m

	
	Macro –small cell cluster center
	75 m

	
	Macro – UE
	35 m

	
	cluster center-cluster center
	100 m (2x Radius of small cell cluster)


Appendix D: Further Results on Cluster Size with Cell-Clustering

.
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Figure 6. Probability density function of cluster size for Small Cell Scenario 2a: 2 Clusters and 4 Picos per MCA.
.
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Figure 7. Probability density function of cluster size for modified small-cell scenario #2a: 2 Clusters and 10 Pico eNBs per MCA.
Appendix E: Further Results on Packet Throughput Performance
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Figure 8. DL cell average packet throughput as a function of packet arrival in the modified small-cell scenario with one dropped cluster and 4 pico eNBs, packet size=0.5 Mbytes, λDL/ λUL=0.5.
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Figure 9. UL cell average packet throughput as a function of packet arrival in the modified small-cell scenario with one dropped cluster and 4 pico eNBs, packet size=0.5 Mbytes, λDL/ λUL=0.5.
_1428393752.vsd

