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1 Introduction
In [1], we provided a description and analysis of a centralized cell clustering approach. In this contribution, we estimate its performance with the different schemes in accordance with the centralized cell clustering approach.
2 Centralized Cell Clustering Schemes
In this contribution, we introduce two kinds of centralized cell clustering schemes for macro cell and Pico cell co-channel scenario, which are briefly summarized below.

· Cell clustering among Pico cells: cells divided into a cell cluster should be Pico cells. Macro cell is a sole cell without participating in a cell cluster.
· Cell clustering among macro and Pico cells: macro cell can be regarded as a member of cell cluster. All members (Pico cells and macro cell) have the same TDD U/D configuration with the contained macro cell U/D configuration if macro cell is a member of this cell cluster.
In addition, we choose two baseline schemes as follows:
· Legacy fixed U/D configuration: It used to show the severe issue from eIMTA without IM and to estimate the performance of cell clustering IM schemes mentioned above.
· eIMTA without IM: It shows the significant DL performance gain from the U/D adaptive configuration and the severe UL performance loss due to DL-to-UL interference. It is also used to estimate the performance of cell clustering IM schemes mentioned above.
3 Evaluation results 
This section captures the evaluation results for the co-channel multi-cell macro-pico scenario, which simulation assumptions align with scenario 3 (i.e. co-channel multi-cell macro-pico scenario) in 3GPP TR 36.828 [3]. More detailed simulation assumptions are listed in the Appendix.
In our performance metrics, we use the user file throughput (i.e. defined as the file size over the file download time, including the file waiting time till the last bit of the last packet is correctly delivered to the receiver).
The following figures show the mean user file throughput in DL and UL for both Pico cell and macro cell. Four schemes’ performances (i.e. legacy fixed U/D configuration, eIMTA without IM, eIMTA with pico cell cluster, eIMTA with macro/pico cell cluster) are listed in the horizontal axis.
· File throughput for Pico cell in figure 1
· For UL throughput, because of severe DL-to-UL interference in eIMTA, eIMTA without IM has huge loss compared with legacy fixed U/D configuration. Although eIMTA with pico cell clustering IM reduces the performance loss, some Pico cells close to the macro eNB still suffer the severe DL-to-UL interference. In the end, the scheme of eIMTA with macro/pico cell clustering IM solves this performance loss.
· For DL throughput, because UL-to-DL interference is generally weaker than the legacy DL-to-DL interference, traffic adaptation flexibility directly affects system performance. eIMTA with macro/pico cell clustering IM suffers more loss due to the limitation of traffic adaptation, namely, the fixed U/D configuration in the cell cluster including macro cell. But, its performance (12.82) is still better (~25%) than the legacy fixed U/D configuration.
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Figure 1: Pico cell performance comparison
· File throughput for macro cell in figure 2
· For UL throughput, due to the fixed U/D configuration in macro cell, the macro’s UL is always located at a fixed subframe different from pico’s U/D reconfiguration. Therefore, the modification of macro cell’s UL performance should clearly reflect the cell clustering effect on eIMTA interference mitigation. Compared with eIMTA without IM scheme, the macro cell UL performance is improved after using cell clustering schemes; especially to eIMTA with macro/pico cell clustering IM, its loss is very small and mainly comes from there being more pico eNBs around the macro eNB (i.e. 4 pico eNBs per macro cell region).
· For DL throughput, just as the reason in pico DL, namely UL-to-DL interference is generally weaker than the legacy DL-to-DL interference. Finally, eIMTA doesn’t bring evident negative impact on macro DL performance.

[image: image2]
Figure 2: Macro cell performance comparison
4 Summary 
In this contribution, we provide performance evaluation results for two different kinds of centralized cell clustering IM schemes and two baseline schemes: legacy fixed U/D configuration and eIMTA without IM consideration.
· Observation 1: For UL throughput, cell clustering IM can solve the severe DL-to-UL interference issue to avoid performance loss.

· Observation 2: Excessive enlarging of the size of the cell clusters reduces traffic adaptation flexibility, resulting in low DL performance gain in Pico cell.
· Proposal 1: For cell clustering IM, information exchange over the backhaul is necessary (e.g. trigger a cell clustering request, the information statistics of DL/UL traffic ratio per cell in a cell cluster, adapt/reuse existing UL-DL configuration information, coordinate U/D configuration type selection in a cell cluster).
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Appendix – System Level Simulation Assumptions for multi-cell macro-pico scenario
	Parameters
	Assumptions

	Scenario
	Multi-cell macro-pico scenario

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout

	Pico deployment
	40m radius, random deployment

	Number of pico cells per sector
	4

	Minimum distance between pico cells
	40 m

	Minimum distance between outdoor pico and macro
	75m

	Minimum distance between UE and pico
	10 m

	Minimum distance between UE and Macro
	35m

	Macro antenna gain
	15dBi

	Macro antenna pattern
	
[image: image3]
θ3dB =  65 degrees, Am = 20 dB (65 degree horizontal beamwidth)  

	Pico antenna pattern
	2D, Omni-directional

	Pico antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Macro noise figure
	5dB

	Pico noise figure
	13 dB

	UE noise figure
	9 dB

	Maximum macro Tx power
	46dBm

	Maximum pico TX power
	24 dBm

	Macro DL power control
	Not modeled, i.e. assuming max macro Tx power

	UE power class
	23 dBm (200 mW)

	Number of UEs per macro cell
	Non-uniform 60UE/macro cell (i.e. 20 Macro UEs randomly and uniformly dropped per Macro cell)

	Number of UEs per pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	User distribution
	Cluster, Photspot=2/3

	Shadowing standard deviation between  outdoor Pico cells
	6 dB

	Shadowing standard deviation between  outdoor Pico and Macro
	6 dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between picos
	0.5

	Shadowing correlation between outdoor pico and macro
	0.5

	Shadowing correlation between macro cells
	A shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used

	Outdoor Pico to outdoor Pico pathloss
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R) [ free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km [ Dual slop model TR25942 section5.1.4.3]

NLOS: PL= 40log10(R)+169.36, R in km [25.942:section 7.4.1.2.1.4 TR 101 112(ETSI):Annex B1.8.1.2] 

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 the probability of Relay-UE case1]

	Outdoor Pico to UE pathloss
	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)) [36.814: table A.2.1.1.2-3 Pico-UE]

	UE to UE pathloss
	If R<=50m, PL=98.45+20*log10(R), R in km

If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)

[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]

	Macro to UE pathloss
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R) 

For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) [36.814: table A2.1.1.5-2 ]

	Macro to outdoor Pico
	PLLOS(R) = 100.7+23.5log10(R)

PLNLOS(R) = 125.2+36.3log10(R)

For 2GHz, R in km.

Case1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072) [36.814 table A.2.1.1.2-3 reuse the model of Macro-Relay]

	Time scale for reconfiguration
	infinity (i.e. fixed reference configuration), or

TDD UL-DL reconfiguration every 10ms, 200ms, or 640ms, with 200ms optional

	Simulation methodology
	DL and UL shall be evaluated in an integrated simulator

	Pico antenna configuration
	Set 1: 2Tx, 2Rx (codebook-based SU-MIMO or fixed rank 1 transmission)

	UE antenna configuration
	1Tx, 2Rx

	Link adaptation
	* MCS selection with 10% BLER
If the highest MCS is selected, the BLER may be less than 10%, which shall be modeled
* DL based on CQI/PMI/RI reports and UL based on SRS measurement

	DL CSI feedback
	DL CSI modeled as following:
-- PUCCH mode 1-1, wideband CQI/PMI reported every 10ms
-- CSI reporting based on ideal channel estimation and ideal interference estimation in the reported subframe
-- A minimum 5ms CSI feedback delay is modeled 
-- Error free feedback

	UL CSI feedback
	UL CSI modeled as following
--1 symbol SRS per 10ms (Last UL symbol in subframe#1)
-- UL CSI based on ideal channel estimation and ideal interference estimation in the SRS subframe
-- A minimum 5 ms CSI delay is modeled 

	Channel estimation
	Ideal 

	Small scaling fading channel
	For set 1:
Pico-UE/UE-Pico: TU or ITU; 
Macro-UE/UE-Macro: TU or ITU;
UE-UE:  TU or not modeled;
Pico-Pico: not modeled.
Macro-Macro: not modeled
Macro-Pico/Pico-Macro: 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 (8s for 0.5MB).

	Receiver type
	MMSE receiver

	UL modulation order
	{QPSK, 16QAM, 64QAM}

	Traffic model
	· FTP model 1 in TR36.814
· Poisson distributed with arrival rate λ

· Number of UEs according to the simulated scenario

· A packet is randomly assigned to a UE with equal probability

· Independent traffic modeling for DL and UL per UE
· Fixed size of 0.5Mbytes as in TR36.814

· Possible range of file arriving rate (λ) shall cover both low and high load cases. Proposed value range of λ for DL is [ 0.5] for 0.5 Mbytes file size. The arriving rate for UL file is derived by the ratio of DL and UL arriving rate. 

· Independent traffic generation per cell
Same arriving rate for all the cells                         

	Reference TDD configuration
	Evaluate at least the following TDD reference configurations for Pico cell
TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = { 1/1} 
Macro Cell TDD UL-DL configurations are fixed as TDD UL-DL configuration 1    with ratio of DL and UL arrival rate = { 1/1} 
Other traffic ratios and reference configurations are optional                                                            

	HARQ retransmission scheme
	CC 

	Simulation cases
	Fixed U/D config: All pico cells have the same UL-DL configurations
eIMTA without IM. Applying adaptive UL-DL configuration in pico cells without any interference mitigation schemes.
Cell clustering. Applying adaptive UL-DL configuration in pico cells with interference mitigation schemes. 

	Control channel and reference signal overhead
	DL:
• Overhead for CRS according to 36.211;
• Overhead for PDCCH: 2 OFDM symbols;
UL:
• Overhead for SRS defined above;
• Overhead for PUCCH: 2 PRBs;
• Overhead for UL DMRS: 2 symbols per subframe.   

	 Shadow fading for Macro-UE link
	8dB

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS
[ ITU-R M.2135 UMi]


[image: image4.png]



Page 7

[image: image1][image: image5.emf](


)


ú


ú


û


ù


ê


ê


ë


é


÷


÷


ø


ö


ç


ç


è


æ


-


=


m


dB


A


A


,


12


min


2


3


q


q


q




 

































 

m

dB

A A , 12 min

2

3







[image: image6.png]—4—Macro DL (Mbps)

.J\ /. 5765 —#—Macro UL (Mbps)

g W 3235

T T T |

Fixed U/D eIMTA  eIMTA with elMTA with

withoutIM  Pico cell ~ macro/pico
cluster  cell cluster




