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1 Introduction
In the RAN1#65 meeting, after the discussions on the use of extensive performance evaluation results on CoMP in the homogeneous networks (i.e., CoMP scenarios 1 and 2), it seems that CoMP can offer performance benefits. The detailed performance results are summarized in ‎[1]. In addition, aiming at the next stage of the CoMP performance evaluation, some CoMP simulation conditions and methodologies in heterogeneous networks (i.e., CoMP scenarios 3 and 4) have been updated ‎[3]

 REF _Ref300651568 \r \h 
 \* MERGEFORMAT ‎[4]. Through the email discussion headed [65-54], the calibration process in the geometry and coupling loss in CoMP scenario 3/4 seems complete. 
In this contribution, to clarify the effectiveness of CoMP compared with TDM-eICIC ‎[5] on the downlink, the numerical results of the CoMP in CoMP scenario 3 are presented via system-level simulation studies. In this simulation, CoMP is applied to the subframe timing when the macro eNB (MeNB) transmits almost blank subframe (ABSF) in the case of the TDM-eICIC. 

2 Simulation studies
2.1 Simulation conditions

2.1.1 Macro-low power node deployment scenario

The macro-low power node (LPN) deployment scenario in this simulation study follows the baseline in the Configuration 1 and 4b in ‎[6]. In order to reduce the simulation cost, the cellular network in this simulation is composed of 7 tri-sectored hexagonal grids, while the comparison in the geometry between 7- and 19-macro cell-site networks is shown in the Appendix. 
· Number of clusters (and corresponding LPNs) per macro cell area: 4
· Cluster drop: uniformly distributed in the macro cell area
· LPN drop: located at the center of the cluster
· Number of UEs per macro cell area: 60
· Number of UEs located in a cluster:
· Configuration 1: 0
· Configuration 4b: 10 (UE within a 40 m radius of each LPN)
· Number of uniformly distributed UEs in a macro cell area:

· Configuration 1: 60
· Configuration 4b: 20

The detailed simulation conditions and parameters are described in the Appendix. Most of the parameters are in line with TR 36.819 ‎[1]. The notable parameters pointed out in the email discussion headed [65-55] are as follows: 
· FDD, downlink, and full buffer traffic model
· Antenna polarization: uniform linear arrays (ULA)
· Number of TX-/RX-antennas (MeNB x LPN x UE): 2 x 2 x 2
· MIMO scheme: SU-MIMO
· CoMP area: 1-macro cell area (isolated site CoMP) or 3-macro cell area (intra-site CoMP)
· CoMP scheme: joint transmission (JT)
In the case of the isolated site CoMP, the CoMP cooperating set consists of 1 MeNB and 4 LPNs located in the same macro cell area. On the other hand, the CoMP transmission points are limited to the 1 MeNB and 1 LPN, and are determined for the individual UE using the reference signal received power (RSRP) based selection. The UE to meet the following condition benefits the CoMP transmission. In other word, the transmission point always performs normal transmission for the UE not to meet the following condition. 
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where PM(i, j) denotes the RSRP on the radio link between the ith MeNB and jth UE. PL(k(i), j) denotes the RSRP on the radio link between the k(i)th LPN in the ith macro cell area and jth UE.  is a RSRP metric used to determine the CoMP transmission points, subsequently referred to as “CoMP UE selection threshold”.  is a positive number in unit of dB. For the intra-site CoMP, the CoMP transmission points are also limited to the 1 MeNB and 1 LPN, although the CoMP cooperating set consists of 3 MeNB and 12 LPNs located in the same macro cell-site area. The following terms are defined to facilitate explanation throughout this contribution:
· Non-CoMP-MUE/LUE: the MUE/LUE not to satisfy Eq. (1)


· CoMP-MUE/LUE: the MUE/LUE to satisfy Eq. (1)


Fig. 1 shows an overview of the UE classification mentioned above. Fig. 2 shows the ratios of the numbers of the Non-CoMP-MUEs/LUEs and CoMP-MUEs/LUEs. 

In the case of the TDM-eICIC, the UEs are also classified as follows due to the cell range expansion applied to the LPN: 

· Non-CRE-LUE: the UE associated with a LPN, even without any CRE bias (i.e. CRE bias value of 0 dB)
· CRE-LUE: the UE associated with a LPN only with the CRE bias value more than 0 dB
Fig. 1 also shows an overview of the UE classification in the TDM-eICIC, while Fig. 3 shows the ratios of the numbers of the MUEs, Non-CRE-LUEs, and CRE-LUEs. 
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Fig. 1: Overview of the UE classification
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(a) Configuration 1
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(b) Configuration 4b


Fig. 2: Ratios of the numbers of Non-CoMP and CoMP UEs in the isolated site CoMP
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(a) Configuration 1
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(b) Configuration 4b


Fig. 3: Ratios of the numbers of the MUEs, Non-CRE-LUEs, and CRE-LUEs in the TDM-eICIC
2.1.2 Resource assignments in JT-CoMP and TDM-eICIC
Although there are various CoMP transmission techniques as shown in ‎[1], JT is employed in this contribution. In the JT-CoMP, the physical downlink shared channel (PDSCH) for single UE are transmitted from multiple transmission points simultaneously with respect to the assigned frequency and space resources. It is also assumed that identical offered traffic is available at multiple transmission points. 

Table 1 summarizes the resource assignment in the JT-CoMP and TDM-eICIC. In the case of the TDM-eICIC, when the subframe timing is the normal SF, the MeNB and LPN assign radio resources for the MUE and Non-CRE-LUE, respectively. The resource assignment policy in the normal SF is the same for without eICIC. When the subframe timing is the ABSF, the MeNB does not perform radio resource assignment of the PDSCH and transmits the ABSF, whereas the LPN assigns the resource preferentially to the CRE-LUE. 
In the case of the JT-CoMP, this contribution assumes that the JT-CoMP is only applied to the ABSF subframe timing in the case of the TDM-eICIC. When the JT-CoMP subframe timing mentioned above comes, the MeNB and LPN firstly assign the radio resources to the corresponding CoMP-MUE and LUE. In this contribution, the radio resources for the CoMP UE and No-CoMP UE are pre-defined and multiplexed in the frequency domain. When the LPN performs the radio resource assignment for the CoMP-LUE, the LPN only uses the radio resource pre-defined for the CoMP-LUE. Then, the remaining radio resources are used for the Non-CoMP-LUE. When the MeNB performs the radio resource assignment for the CoMP-MUE, the available radio resource depends on the LPN ID where the corresponding CoMP-MUE benefits. 
In this simulation, the duty ratio of the eICIC SF/CoMP SF is 50% and constant. The transmission timing of the downlink subframe is aligned among all transmission points. For simplicity, this simulation assumes that the resource assignment policy is ideally shared, i.e., this simulation does not consider the JT delay caused by the backbone network. In addition, the radio characteristics of two cooperating radio links are assumed to be perfectly known, and ideal pre-coding is performed at two transmission points. Then, two transmitted signals arrive at the receiver with coherent diversity combining. 

Table 1: Resource assignment in JT-CoMP and TDM-eICIC
	Transmission scheme
	Subframe type

	
	Normal SF
	eICIC SF (CoMP SF)

	TDM-eICIC
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2.2 Simulation results

Table 2 firstly lists the throughput performance without eICIC as the baseline. The throughput of configuration 4b is higher than that of configuration 1. 
Table 3 shows the relative gain due to the TDM-eICIC compared to without eICIC. The red- and blue- colored data show the maximum and minimum values, respectively. The macro cell area throughput gain decreases monotonically with increasing CRE bias value. On the other hand, the optimum CRE bias value exists to maximize the 5% worst user throughput gain. 
Table 4 summarizes the relative gain due to the JT-CoMP. In terms of the macro cell area throughput gain, the low CoMP UE selection threshold at about 4 dB gives the worst performance. When the CoMP UE selection threshold is enlarged up to 20 dB, the JT-CoMP gives maximum gain. However, in this case, the minimum gain in the 5% worst user throughput is obtained. In terms of the 5% worst user throughput gain, a medium threshold of about 8 dB is preferable. 
When the throughput performance in the JT-CoMP is compared with that of the TDM-eICIC, the latter is superior to the isolated-site JT-CoMP in terms of macro cell area throughput. However, the 5% worst user throughput of the isolated-site JT-CoMP exceeds that of the TDM-eICIC. On the other hand, the intra-site JT-CoMP is superior to the TDM-eICIC in terms of not only the 5% worst user throughput but also the macro cell area throughput. 
Therefore, the followings are summary in the simulation results: 

· TDM-eICIC is superior to the isolated-site JT-CoMP in terms of the macro cell area throughput. However, the 5% worst user throughput of the isolated-site JT-CoMP exceeds that of the TDM-eICIC. 
· Intra-site JT-CoMP is superior to the TDM-eICIC in terms of not only the macro cell area throughput but also the 5% worst user throughput. 
Table 2: Throughput performance without eICIC (baseline)

	Spectral Efficiency [bps/Hz] (Throughput [Mbps])
	Configuration 1
	Configuration 4b

	Macro Cell Area
	7.645 (76.453)
	10.035 (100.350)

	Average User
	0.127 (1.274)
	0.167 (1.672)

	Median User
	0.085 (0.852)
	0.129 (1.292)

	5% Worst User
	0.018 (0.183)
	0.033 (0.330)


Table 3: Relative gain due to the TDM-eICIC compared with the case of without eICIC

	CRE bias

value [dB]

Relative

gain [%]
	Configuration 1
	Configuration 4b

	
	4 dB
	8 dB
	12 dB
	4 dB
	8 dB
	12 dB

	Macro Cell Area
	6.920
	1.958
	-1.694
	6.119
	3.105
	0.527

	Average User
	6.920
	1.958
	-1.694
	6.119
	3.105
	0.527

	Median User
	-0.495
	3.584
	6.532
	0.303
	-0.151
	-1.757

	5% Worst User
	-22.128
	10.235
	26.145
	3.788
	10.338
	4.967


Table 4: Relative gain due to the JT-CoMP compared with the case of without eICIC

(a) Configuration 1 in the isolated site CoMP

	CoMP UE 

selection 

threshold [dB]

Relative

gain [%]
	4 dB
	8 dB
	12 dB
	16 dB
	20 dB
	24 dB

	Macro Cell Area
	-0.879 
	1.187 
	2.008 
	2.833 
	5.650 
	3.392 

	Average User
	-0.879 
	1.187 
	2.008 
	2.833 
	5.650 
	3.392 

	Median User
	3.744 
	8.744 
	9.541 
	6.513 
	-5.047 
	-14.846 

	5% Worst User
	11.240 
	27.510 
	27.729 
	23.311 
	12.459 
	2.954 


(b) Configuration 4b in the isolated site CoMP

	CoMP UE 

selection 

threshold [dB]

Relative

gain [%]
	4 dB
	8 dB
	12 dB
	16 dB
	20 dB
	24 dB

	Macro Cell Area
	-1.958 
	-0.067 
	2.350 
	3.656 
	7.342 
	0.350 

	Average User
	-1.958 
	-0.067 
	2.350 
	3.656 
	7.342 
	0.350 

	Median User
	0.644 
	4.151 
	3.506 
	-2.130 
	-12.635 
	-11.536 

	5% Worst User
	7.630 
	10.161 
	13.223 
	4.444 
	-2.895 
	2.514 


(c) Configuration 1 in the intra-site CoMP

	CoMP UE 

selection 

threshold [dB]

Relative

gain [%]
	4 dB
	8 dB
	12 dB
	16 dB
	20 dB
	24 dB

	Macro Cell Area
	-0.336 
	2.367 
	3.411 
	4.030 
	7.847 
	5.173 

	Average User
	-0.336 
	2.367 
	3.411 
	4.030 
	7.847 
	5.173 

	Median User
	3.141 
	8.225 
	8.040 
	6.041 
	-5.405 
	-14.510 

	5% Worst User
	14.939 
	29.080 
	28.745 
	23.225 
	12.953 
	1.323 


(d) Configuration 4b in the intra-site CoMP

	CoMP UE 

selection 

threshold [dB]

Relative

gain [%]
	4 dB
	8 dB
	12 dB
	16 dB
	20 dB
	24 dB

	Macro Cell Area
	-1.932 
	0.140 
	2.810 
	4.314 
	8.421 
	0.736 

	Average User
	-1.932 
	0.140 
	2.810 
	4.314 
	8.421 
	0.736 

	Median User
	1.486 
	3.900 
	2.912 
	-2.029 
	-12.914 
	-11.237 

	5% Worst User
	10.521 
	15.801 
	11.931 
	3.104 
	-3.828 
	4.184 


3 Conclusions
This contribution evaluates the downlink throughput performance of the JT-CoMP in the CoMP scenario 3 through system-level simulation studies in order to clarify the effectiveness of the CoMP compared with the TDM-eICIC. The followings are conclusions: 


· TDM-eICIC is superior to the isolated-site JT-CoMP in terms of the macro cell area throughput. However, the 5% worst user throughput of the isolated-site JT-CoMP exceeds that of the TDM-eICIC. 
· Intra-site JT-CoMP is superior to the TDM-eICIC in terms of not only the macro cell area throughput but also the 5% worst user throughput. 
The resource assignment and JT scheme in this contribution are primitive. If the resource assignment and JT scheme are enhanced, the throughput performance gain due to the JT-CoMP compared to the TDM-eICIC would seem to be greater. 
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Appendix: Simulation conditions

Table 5: Cellular system parameters
	Parameter
	MeNB
	LPN (Low Power Node)
	UE

	Carrier frequency / System bandwidth
	0.8 GHz / 10 MHz (Macro and LPN carriers are located in the co-channel)

	Duplex method
	FDD

	Cellular layout
	- Macro: 7 tri-sectored hexagonal cells are arranged in a single ring. The inter-site distance is 500 m.

- LPN and UE: Configurations 1 and 4b

 - Number of clusters (and corresponding LPNs) per macro cell area: 4

  - Cluster drop: uniformly distributed in the macro cell area

  - LPN drop: located at the center of the cluster

 - Number of UEs per macro cell area: 60

  - Number of UEs located in a cluster:

   - Configuration 1: 0

   - Configuration 4b: 10 (UE within 40 m radius of each LPN)

  - Number of uniformly distributed UEs in a macro cell area:

   - Configuration 1: 60

   - Configuration 4b: 20

	Minimum distance
	>= 35 m (macro to UE), >= 10 m (LPN to UE), >= 75 m (macro to LPN), >= 40 m (LPN to LPN)

	Path loss, shadowing loss, and penetration loss
	ITU UMa for macro, UMi for LPN. Penetration loss is 0 dB. 

	Fading model
	SCM, UE velocity of 3 km/h

	Maximum TX-power
	46 dBm
	30 dBm
	23 dBm

	Antenna height
	25 m
	10 m
	1.5 m

	Antenna gain with cable loss
	17 dBi
	5 dBi
	0 dBi

	Antenna pattern
	- Macro: A(, ) = - min{- [AH() + AV()], Am}
 - Horizontal: AH() = - min[12 ( / 3dB)2, Am], 3dB = 70 deg., Am = 25 dB
 - Vertical: AV() = - min[12 {( - etilt) / 3dB)}2, SLAv], 3dB = 10 deg., SLAv = 20 dB, etilt = 12 deg.

- LPN and UE: Omni

	Number of TX-/RX-antennas
	2 (10 -ULA)/2 (10 -ULA)
	2 (10 -ULA)/2 (10 -ULA)
	1/2 (0.5 -ULA)

	Noise figure
	5 dB
	5 dB
	9 dB

	Minimum distance between UE and MeNB
	>= 35 m
	>= 35 m
	>= 35 m

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	
[image: image12]
	N/A
	N/A


Table 6: Signal processing parameters

	Parameter
	Value

	MIMO scheme 
	SU-MIMO (open-loop spatial multiplexing with rank adaptation)

	CoMP area
	- 1-macro cell area (isolated site CoMP)

- 3-macro cell area (intra-site CoMP)

	CoMP scheme
	Joint transmission (JT)

	Ratio of eICIC subframe/CoMP subframe
	50%

	CoMP-UE selection threshold
	0 to 24 dB, 4 dB-step

	CRE bias value (macro/LPN)
	0/0 to 12 dB, 4 dB-step

	Network synchronization
	Synchronized

	Number of OFDM symbols for PDCCH
	3

	Number of CRS-REs in the PDSCH region
	600 (= 4 x 3 x 50)

	UE receiver type
	Conventional MMSE

	HARQ scheme
	Based on incremental redundancy, up to 5 re-transmissions

	Link adaptation
	CQI/PMI/RI reports delay (*1): 4 msec., scheduling delay (*2): 4 msec., CQI of all subbands are reported in every feedback period (= 5 msec.)
*1: the delay from reception of CRS at UE until the arrival of CQI at eNB

*2: the delay from arrival of CQI at eNB until the transmission of the phy. packet using the corresponding CQI

	Link to system mapping
	Exponential Effective SINR Mapping

	Control channel reception
	Ideal

	Channel estimation
	Ideal

	Scheduling algorithm
	Proportional fairness

	Traffic model
	Full buffer traffic model

	Inter-cell interference modeling
	Mixed, with both explicit and implicit modeling
- Explicit modeling: top six interfering cells

- Implicit modeling: other interfering cells

	Number of simulation drops
	1


Geometry Comparison between 7- and 19-macro cell-site networks

Fig. 4 shows the geometry comparison between 7- and 19-macro cell-site networks. 
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(a) Configuration 1
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(b) Configuration 4b


Fig. 4: Geometry comparison between 7- and 19-macro cell-site networks
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