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1. Introduction
At the 3GPP RAN #50 meeting, a revised coordinated multi-point transmission (CoMP) study item was agreed upon for Rel.11 [1], and the scenarios for CoMP investigation were extended further compared to the CoMP study item in Rel. 10. At the RAN1 #63bis meeting, two research phases for the investigation of CoMP [2] were agreed upon, and homogeneous (CoMP scenarios1 and 2) and heterogeneous networks (CoMP scenarios 3 and 4) will be the focus in phase 1 and phase 2, respectively. Furthermore, CoMP simulation assumptions were approved [3].
At the RAN 1 #65 meeting, about 20 companies submitted their evaluation results on CoMP scenarios 1 and 2 and a revised CoMP TR was approved [3]. One of the observations in [3] is that CoMP can offer performance benefits in homogeneous networks. The remaining simulation assumptions were agreed upon and companies submitted calibration results to the reflector for scenarios 3 and 4. In this contribution, we present our preliminary system performance investigation on joint processing (JP)-CoMP for scenario 3. More specifically, two kinds of JP-CoMP schemes are investigated in this contribution, JP-CoMP without Rel. 10 eICIC and JP-CoMP with Rel. 10 eICIC.
2. CoMP Schemes and Assumptions for CoMP Evaluation

(1) CoMP Schemes
In this contribution, two kinds of JP-CoMP schemes are investigated,
· JP-CoMP without Rel. 10 eICIC
In JP-CoMP without Rel. 10 eICIC, coordination is limited to one CoMP coordination cluster, e.g., 1 macrocell or 3 macrocells, and there is no further Rel. 10 eICIC coordination between different CoMP coordination clusters.
· JP-CoMP with Rel. 10 eICIC
        For further comparison with Rel. 10 eICIC in which a relatively larger coordinated area is needed for resource partitioning coordination, a JP-CoMP with Rel. 10 eICIC scheme is also investigated. In JP-CoMP with Rel. 10 eICIC, two levels of coordination are employed, CoMP within a CoMP coordinating cluster and Rel. 10 eICIC with a relatively larger coordinated area. In JP-CoMP with Rel. 10 eICIC, certain resource partitioning patterns as Rel.10 eICIC is utilized. When macro eNB is not muted, CoMP is applied among all the macro eNBs and low power nodes (LPNs) within the CoMP cluster, otherwise, CoMP is only applied among the LPNs within the CoMP cluster.
In both JP-CoMP without and with Rel. 10 eICIC, two kinds of JP schemes are investigated in this contribution, including joint transmission (JT) CoMP and dynamic point selection (DPS).
(2) Cell Deployment and Coordinating Cluster 
We assume the cell deployment of scenario 3, i.e., a heterogeneous network with low power RRHs within the macrocell coverage area. Transmission/reception points created by the RRHs have different cell IDs than the macrocell. In this contribution, two kinds of CoMP coordinating cluster sizes are investigated, 1 macrocell with N LPNs and 3 intra-site cells with 3(N LPNs, as illustrated in Fig.1. In addition, for Rel. 10 eICIC, a synchronized muting pattern for the whole network is assumed.

[image: image1.png]



Fig. 1 – Coordinating cluster size for CoMP: 
1 Macro cell with N LPNs and 3 intra-site cells with 3(N LPNs (N=4) 
(3) Determining Cell-Edge UEs
In this contribution, CoMP transmission is only applied to cell-edge UEs. A cell-edge UE is determined based on comparison of the downlink average received power from multiple cells. More specifically, if the difference between the signal power from the best cell and that from other cells within the cluster is lower than a given threshold, the UE is determined to be a cell-edge UE. 
(4) UE Feedback
In this contribution, we assume that the maximum number of coordinated points is two. Each cell-edge UE selects the UE-specific coordinated points within the CoMP coordinating cluster. We assume that the cell-edge UEs employ feedback of both CoMP and non-CoMP (i.e., conventional single cell transmission), to support dynamic switching between CoMP and non-CoMP transmissions [4,5], while the other UEs employ non-CoMP feedback only. More specifically, the CoMP feedback in the case of JT and DPS includes

· JT-CoMP
· Per-point PMI using the Rel-8 codebook [6]
· Inter-point phase difference quantized by a 2-bit codebook {1, -1, j, -j}
· CQI assuming JT-CoMP
· DPS
· Index of selected point with the highest instantaneous SINR
· PMI and CQI of the selected point
In addition, in CoMP with Rel. 10 eICIC, a UE in the LPN cell will feed back two types of CQIs corresponding to whether the macro eNB is muted or non-muted.
(5) Scheduling
In the scheduling in this contribution, the cells within the same cluster are jointly scheduled, and each cluster is scheduled independently. More specifically, in each cluster, CoMP and non-CoMP transmission switching is allowed for cell-edge UEs, and exhaustive search is utilized to schedule the UE group and the corresponding transmission modes to provide the highest total (weighted) estimated throughput. 
3. Simulation Results
Tables I and II give the simulation parameters used in the evaluation. We assume that two OFDM symbols are used for the PDCCH, and the overhead for the common control channel is ignored. We also assume the use of a cell-specific reference signal (CRS) for 2 antenna ports within a 4/10 non-MBSFN subframe and the density of the demodulation reference signal (DM-RS) is 12 RE/RB. The CSI-RS overhead is assumed to be 2(4) REs per RB for 2(4) Txs with a 10 ms period. The receiver on the UE side is assumed to be the MMSE receiver (option 1) in [7]. We evaluate the system performance of non-CoMP with/without Rel. 10 eICIC as a reference and JP-CoMP with/without Rel. 10 eICIC. Detailed simulation results are provided in Sections 3.1 and 3.2, respectively.
Table I – Major Simulation Parameters
	Carrier frequency
	2 GHz

	Subframe (TTI) length
	1 msec

	Transmission bandwidth 
	10 MHz

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	Cross-polarized antenna

eNB: 0.5 wavelengths 4 Txs: XX
/ 2 Tx: X  (+45/-45)

UE: 0.5 wavelengths 2 Rxs:  X (+45/-45)

	Transmission scheme
	SU-MIMO with rank adaptation
Single transmission point with/without Rel. 10 eICIC
JP/DPS-CoMP with/without Rel. 10 eICIC

	Channel model
	ITU UMa for macrocell and UMi for LPN

	Control delay (scheduling, AMC)
	6 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)

64QAM (R = 3/5 - 4/5)

	UE moving speed (Max. Doppler frequency)
	3 km/h (fD = 5.55 Hz)

	Rank adaptation
	Rank adaptation, and up to 2 for one UE

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer

	CQI/PMI feedback interval
	10 TTIs

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

	Granularity of rank adaptation
	200 TTIs

	CoMP scheme 
	JT with SU-MIMO and DPS

	Maximum number of coordination points for CoMP transmission
	2

	Channel state information feedback 
	JT-CoMP: Individual per-point feedback +
 inter-point phase difference
DPS: Index of preferred point + single point feedback 

	DM-RS channel estimation
	Non-ideal 

	CSI-RS channel estimation
	Ideal

	UE receiver assumption
	MMSE – option 1

	Overhead of RS and PDCCH 
	PDCCH (2 symbols per subframe)

DM-RS (12 REs per PRB)

CRS (2 ports in 4/10 non-MBSFN subframes)

CSI-RS(2/4 REs per RB per 10 ms for 2/4 antenna ports)

	Threshold for cell-edge UE decision
	10 dB

	Number of UEs per macro-cell coverage
	30

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling in other points

	Time/frequency synchronization impairments
	No

	Propagation delay error
	Ideal

	
Feedback error

	No

	Antennas mis-calibration for DL Tx antennas with 0.5λ spacing
	No


Table II – Simulation Parameters for Macrocell and LPN
	
	Macro eNB
	LPN

	Cellular layout
	Cell layout
	19 cell sites, 3 sectors per site;

Wrap round is used
	Uniform distributed 4 LPNs per macro-cell

	
	Minimum inter-site distance (ISD)
	500 m
	40 m

	
	Minimum distance 
between UE and macrocell/LPN
	35 m
	10 m

	
	Minimum distance between LPN and macrocell
	75 m

	Large scale loss related
	Distance-dependent path loss
	ITU UMa with 25m BS height
	ITU Umi with 10m BS height

	
	Shadowing correlation
	0 (between cells), 0.5 (between sectors)
	0

	
	Penetration loss
	0
	0

	
	Total Tx power
	46 dBm
	30 dBm

	
	Antenna gain
	17 dBi
	5 dBi

	
	Antenna pattern


	3D pattern, horizontal:
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Combining method in 3D pattern:
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Antenna down tilt = 12 deg.
	2D pattern, omni directional horizontal:

	
	Base station height
	25 m
	10 m

	
	UE height
	1.5 m

	
	Noise power spectrum
	-174.0 dBmW

	
	UE noise figure
	9 dB

	Hand over margin
	1.0 dB

	Feeder loss
	0 dB


(1) Simulation Results of CoMP without Rel. 10 eICIC
In this section, the results of the performance comparison between CoMP without Rel. 10 eICIC and non-CoMP assuming SU-MIMO in 2 Tx and 4 Tx scenarios without Rel. 10 eICIC are given in Table III and Table IV, respectively.  The simulation results show the following.
· Compared to non-CoMP, 
· JP-CoMP achieved about 9.4 – 43.2 %  gain in terms of the 5% UE throughput
· JP-CoMP achieved a higher gain with the CoMP coordinating cluster size of 3+3(N than the cluster size of 1+N
· JT-CoMP achieved a higher gain than DPS-CoMP in terms of the 5% UE throughput
Table III –Simulation Results with a 2x2x2 (Macro x LPN x UE) Antenna Configuration
	Transmission scheme
	CoMP cluster size
	Average cell throughput (Mbps)
	5% Cell-edge user throughput
(Mbps)

	
	
	Total
	Macro 
	LPNs
	

	Non-CoMP
	/
	72.0 (+0.0%)
	15.2
	56.8
	0.157 (+0.0%)

	CoMP w/o Rel. 10 eICIC 

(JT)
	1+N
	71.9 (-0.1%)
	15.9
	56.0
	0.191 (+21.8%)

	
	3+3N
	73.0 (+1.4%)
	16.6
	56.4
	0.225 (+43.2%)

	CoMP w/o Rel. 10 eICIC 

(DPS)
	1+N
	73.0 (+1.4%)
	15.8
	57.2
	0.178 (+13.3%)

	
	3+3N
	75.8 (+5.2%)
	16.6
	59.2
	0.201 (+27.8%)


Table IV –Simulation Results with a 4x4x2 (Macro x LPN x UE) Antenna Configuration
	Transmission scheme
	CoMP cluster size
	Average cell throughput (Mbps)
	5% Cell-edge user throughput
(Mbps)

	
	
	Total
	Macro 
	LPNs
	

	Non-CoMP
	/
	91.3 (+0.0%)
	18.4
	72.9
	0.298 (+0.0%)

	CoMP w/o Rel. 10 eICIC 

(JT)
	1+N
	91.1 (-0.2%)
	20.0
	71.1
	0.334 (+12.2%)

	
	3+3N
	91.6 (+0.3%)
	20.6
	71.0
	0.360 (+20.8%)

	CoMP w/o Rel. 10 eICIC 

(DPS)
	1+N
	92.7 (+1.5%)
	19.7
	73.0
	0.326 (+9.4%)

	
	3+3N
	95.7 (+4.8%)
	20.8
	74.9
	0.346 (+16.1%)


(2) Simulation Results of CoMP with Rel. 10 eICIC
In this section, the results of the performance comparison between CoMP with Rel. 10 eICIC and Rel. 10 eICIC assuming SU-MIMO in 2 Tx and 4 Tx scenarios are given in Table V and Table VI, respectively.  In the comparison, various association bias values and the corresponding nearly-optimized macrocell muting ratios are assumed from the viewpoint of increasing the cell-edge UE throughput performance. The simulation results show the following.
· Compared to Rel. 10 eICIC, 
· JP-CoMP with Rel. 10 eICIC achieved about a 0.6 – 37.6% gain in terms of the 5% UE throughput.
· JP-CoMP with Rel. 10 eICIC achieved a higher gain with the CoMP coordinating cluster size of 3+3(N than the cluster size of 1+N.
· JT-CoMP with Rel. 10 eICIC achieved a higher gain than DPS-CoMP in terms of the 5% UE throughput
Table V –Simulation Results with a 2x2x2 (Macrocell x LPN x UE) Antenna Configuration
	Association bias (dB) / muting ratio of macrocell
	Transmission scheme
	CoMP cluster size
	Average cell throughput (Mbps)
	5% Cell-edge user throughput
(Mbps)

	
	
	
	Total
	Macro

 
	LPNs


	

	0 dB / 0.2
	Rel. 10 eICIC
	/
	78.4 (+0.0%)
	11.8
	66.6
	0.149 (+0.0%)

	
	CoMP w/ Rel. 10 eICIC
(JT)
	1+N
	78.0 (-0.5%)
	13.6
	64.4
	0.167 (+12.1%)

	
	
	3+3N
	79.0 (+0.8%)
	13.7
	65.2
	0.205 (+37.6%)

	
	CoMP w/ Rel. 10 eICIC
(DPS)
	1+N
	79.0 (+0.8%)
	13.0
	66.0
	0.162 (+8.8%)

	
	
	3+3N
	80.9 (+3.2%)
	13.5
	67.4
	0.188 (+26.2%)

	8 dB / 0.4
	Rel. 10 eICIC
	/
	77.5 (+0.0%)
	11.3
	66.2
	0.227 (+0.0%)

	
	CoMP w/ Rel. 10 eICIC
(JT)
	1+N
	78.4 (+1.0%)
	11.1
	67.3
	0.247 (+8.9%)

	
	
	3+3N
	78.5 (+1.3%)
	11.1
	67.4
	0.263 (+15.9%)

	
	CoMP w/ Rel. 10 eICIC
(DPS)
	1+N
	78.9 (+1.7%)
	11.2
	67.7
	0.242 (+6.4%)

	
	
	3+3N
	79.7 (+2.8%)
	11.2
	68.5
	0.244 (+7.5%)

	16 dB / 0.6
	Rel. 10 eICIC
	/
	76.9 (+0.0%)
	9.1
	67.8
	0.183 (+0.0%)

	
	CoMP w/ Rel. 10 eICIC
(JT)
	1+N
	77.4 (+0.7%)
	7.6
	69.8
	0.214 (+16.8%)

	
	
	3+3N
	76.6 (-0.4%)
	7.3
	69.3
	0.251 (+37.2%)

	
	CoMP w/ Rel. 10 eICIC
(DPS)
	1+N
	77.8 (+1.2%)
	7.9
	69.9
	0.207 (+13.2%)

	
	
	3+3N
	77.6 (+0.9%)
	7.5
	70.1
	0.226 (+23.5%)


Table VI –Simulation Results with a 4x4x2 (Macrocell x LPN x UE) Antenna Configuration
	Association bias (dB) / muting ratio of macrocell
	Transmission scheme
	CoMP cluster size
	Average cell throughput (Mbps)
	5% Cell-edge user throughput
(Mbps)

	
	
	
	Total
	Macrocell 
	LPNs


	

	0 dB / 0.2
	Rel. 10 eICIC
	/
	100.0 (+0.0%)
	14.5
	85.5
	0.247 (+0.0%)

	
	CoMP w/ Rel. 10 eICIC

(JT)
	1+N
	99.3 (-0.7%) 
	16.7 
	82.6 
	0.270 (+9.1%) 

	
	
	3+3N
	100.1 (+0.1%) 
	16.8 
	83.3 
	0.301(+21.9%) 

	
	CoMP w/ Rel. 10 eICIC

(DPS)
	1+N
	100.8 (+0.8%) 
	16.1 
	84.7 
	0.264 (+6.9%) 

	
	
	3+3N
	102.8(+2.8%) 
	16.6 
	86.2 
	0.276(+11.7%) 

	8 dB / 0.4
	Rel. 10 eICIC
	/
	97.2 (+0.0%)
	14.0
	83.2
	0.351 (+0.0%)

	
	CoMP w/ Rel. 10 eICIC

(JT)
	1+N
	97.8 (+0.6%)
	13.5
	84.3
	0.358 (+2.0%)

	
	
	3+3N
	98.8 (+1.7%)
	13.8
	85.0
	0.422 (+20.2%)

	
	CoMP w/ Rel. 10 eICIC

(DPS)
	1+N
	98.5 (+1.3%)
	13.6
	84.3
	0.353 (+0.6%)

	
	
	3+3N
	100.3 (+3.2%)
	13.9
	86.4
	0.383 (+9.1%)

	16 dB / 0.6
	Rel. 10 eICIC
	/
	94.2 (+0.0%)
	11.0
	83.2
	0.344 (+0.0%)

	
	CoMP w/ Rel. 10 eICIC

(JT)
	1+N
	93.9 (-0.3%)
	9.0
	84.9
	0.364 (+5.8%)

	
	
	3+3N
	94.7 (+0.5%)
	9.0
	85.7
	0.400 (+16.3%)

	
	CoMP w/ Rel. 10 eICIC

(DPS)
	1+N
	94.5 (+0.3%)
	9.5
	84.9
	0.360 (+4.7%)

	
	
	3+3N
	96.1 (+2.0%)
	9.3
	86.8
	0.376 (+9.3%)


4. Conclusions
This contribution presented our preliminary system performance investigation on JP-CoMP for scenario 3, and the simulation results showed the following. 
· Compared to non-CoMP without Rel. 10 eICIC, 
· JP-CoMP achieved about a 9.4 – 43.2 % gain in terms of the 5% UE throughput.
· JP-CoMP achieved a higher gain with the CoMP coordinating cluster size of 3+3(N than the cluster size of 1+N.
· JT-CoMP achieved a higher gain than DPS-CoMP in terms of the 5% UE throughput
· Compared to Rel. 10 eICIC, 
· JP-CoMP with Rel. 10 eICIC achieved about a 0.6 – 37.6% gain in terms of the 5% UE throughput
· JP-CoMP with Rel. 10 eICIC achieve a higher gain with the CoMP coordinating cluster size of 3+3(N than the cluster size of 1+N
· JT-CoMP with Rel. 10 eICIC achieve a higher gain than DPS-CoMP in terms of the 5% UE throughput
For the future investigation, we will further investigate the performance of CoMP and Rel. 10 eICIC considering the CSI feedback ratio and coordination scheme.
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