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1. Introduction
· In 3GPP RAN1 #63bis, the study of CoMP transmission techniques was resumed. Some high level views and deployment scenarios were discussed, and the following four scenarios were identified for evaluation
· Scenario 1：Homogeneous network with intra-site CoMP

· Scenario 2：Homogeneous network with high Tx power RRHs 

· Scenario 3：Heterogeneous network with low power RRHs within the macrocell coverage

· Scenario 4：Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell

And phased evaluation approach was agreed.
· Phase 1 

· Homogeneous network with high Tx power RRHs 

· Aim to conclude in RAN1#65

· Phase 2

· “Heterogeneous network with low power RRHs within the macrocell coverage”, and “network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell”

· Starts after RAN1#64
In this contribution, we present some preliminary simulation results for heterogeneous network with low power RRHs based on the simulation assumptions in [1] agreed by email since RAN1 #64 meeting.
2. UE geometry statisitcs
4 RRHs per macro cell and 25*57 UEs are uniformly dropped for evaluating heterogeneous networks with low power RRHs. The selection of serving node is based on RSRP without biasing. Two coordination areas are considered as shown in Figure 1. In the sectorized coordination area, the number nodes which can cooperate in CoMP transmission is N+1, where N is number of low power node per macro cell. In the site coordinate area, the number of nodes which can cooperate in CoMP transmission is tripled to 3*(N+1).  
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Figure  1. CoMP coordination area for heterogeneous scenarios
The performance evaluation results are shown in the below tables. The transmission schemes of SU-MIMO, MU-MIMO, SU/MU-MIMO, MU-CS/CB MIMO and SU/MU-CS/CB MIMO are considered for initial evaluation of heterogeneous network. In the tables, CS/CB05 denotes CoMP scheme over sectorized coordination area, and CS/CB15 for CoMP scheme over site coordination area. The simulation parameters and assumptions are listed in Table A-1 which is aligned with the assumptions in [1] and [2]. In order to exclude CSI-RS muting gain on the top of real CoMP gain, both CoMP and non-CoMP system are evaluated under the same CSI-RS muting pattern. The CSI-RS’s from 3 sector of a macro site and 4 RRH nodes in a macro cell are FDM multiplexed, that results in 7 reuse factor for CSI-RS. The detailed feedback and scheduling algorithm of CS/CB CoMP scheme are same as that for homogeneous network, which can be found in the companion contributions for phase 1 evaluation results [3].
Table 1. Performance results for 4x2 x-polarized antenna configuration
	Simulation

Configuration
	Sector Tput

[kbps]
	Gain[%]
	UE Tput

(5%)

[kbps]
	Gain[%]
	Harmonic

Mean UE Tput [kbps]
	Gain[%]
	Jain

Index

	SU-MIMO
	17103
	N/A
	398.73
	N/A
	1346.2
	N/A
	0.421

	MU-MIMO
	16472
	N/A
	463.6
	N/A
	1497.1
	N/A
	0.448

	MU-CS/CB 05
	16964
	2.99%
	522.48
	12.70%
	1628
	8.74%
	0.48

	MU-CS/CB 15
	17423
	5.77%
	608.74
	31.31%
	1792.2
	19.71%
	0.498

	SU/MU-MIMO
	17672
	N/A
	440.91
	N/A
	1478.9
	N/A
	0.427

	SU/MU-CS/CB 05
	18146
	2.68%
	506.62
	14.90%
	1630.1
	10.23%
	0.458

	SU/MU-CS/CB 15
	18596
	5.23%
	608.65
	38.04%
	1812.7
	22.57%
	0.477


Table 2. Performance results for 4x2 co-polarized antenna configuration
	Simulation

Configuration
	Sector Tput

[kbps]
	Gain[%]
	UE Tput

(5%)

[kbps]
	Gain[%]
	Harmonic

Mean UE Tput [kbps]
	Gain[%]
	Jain

Index

	SU-MIMO
	18986
	N/A
	564.45
	N/A
	1800.6
	N/A
	0.468

	MU-MIMO
	22896
	N/A
	750.96
	N/A
	2273.1
	N/A
	0.497

	MU-CS/CB 05
	23529
	2.76%
	797.4
	6.18%
	2377.8
	4.61%
	0.517

	MU-CS/CB 15
	23997
	4.81%
	943.48
	25.64%
	2600.4
	14.40%
	0.533

	SU/MU-MIMO
	22607
	N/A
	719.59
	N/A
	2235.9
	N/A
	0.503

	SU/MU-CS/CB 05
	23263
	2.90%
	778.89
	8.24%
	2346.9
	4.96%
	0.52

	SU/MU-CS/CB 15
	23802
	5.29%
	918.77
	27.68%
	2581.3
	15.45%
	0.537


Table 3. Performance results for 2x2 x-polarized antenna configuration
	Simulation

Configuration
	Sector Tput

[kbps]
	Gain[%]
	UE Tput

(5%)

[kbps]
	Gain[%]
	Harmonic

Mean UE Tput [kbps]
	Gain[%]
	Jain

Index

	SU-MIMO
	14522
	N/A
	295.79
	N/A
	1048.3
	N/A
	0.386

	MU-MIMO
	14208
	N/A
	339.24
	N/A
	1175.4
	N/A
	0.436

	MU-CS/CB 05
	14416
	1.46%
	391.74
	15.48%
	1342
	14.17%
	0.497

	MU-CS/CB 15
	14907
	4.92%
	498.66
	46.99%
	1555.8
	32.37%
	0.524

	SU/MU-MIMO
	15003
	N/A
	334.57
	N/A
	1163.8
	N/A
	0.402

	SU/MU-CS/CB 05
	15267
	1.76%
	382.84
	14.43%
	1342.1
	15.32%
	0.454

	SU/MU-CS/CB 15
	15801
	5.32%
	492.31
	47.15%
	1570.6
	34.95%
	0.482


Table 4. Performance results for 2x2 co-polarized antenna configuration
	Simulation

Configuration
	Sector Tput

[kbps]
	Gain[%]
	UE Tput

(5%)

[kbps]
	Gain[%]
	Harmonic

Mean UE Tput [kbps]
	Gain[%]
	Jain

Index

	SU-MIMO
	16235
	N/A
	447.95
	N/A
	1467.7
	N/A
	0.446

	MU-MIMO
	16582
	N/A
	519.88
	N/A
	1573.3
	N/A
	0.452

	MU-CS/CB 05
	16972
	2.35%
	546.06
	5.04%
	1644.1
	4.50%
	0.476

	MU-CS/CB 15
	17307
	4.37%
	632.82
	21.72%
	1821.6
	15.78%
	0.494

	SU/MU-MIMO
	16604
	N/A
	522.38
	N/A
	1570.8
	N/A
	0.447

	SU/MU-CS/CB 05
	16989
	2.32%
	541.38
	3.64%
	1641.9
	4.53%
	0.475

	SU/MU-CS/CB 15
	17321
	4.32%
	632.84
	21.15%
	1825.8
	16.23%
	0.493
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Figure 2: Geometry distribution over heterogeneous network
Figure 2 shows the geometry to understand the potential gain of CoMP over heterogeneous environment. Average C/(N+I) is defined as the ratio of the desired signal powers from serving node to the noise plus the interference from other nodes except the nodes in UE CoMP set.
3. Conclusion
In this contribution, we have presented initial performance results of CS/CB CoMP over heterogeneous environment. 

Through this evaluation results, we can observe the following:

· CoMP over sectorized coordination area achieves 4~15% more edge UE’s throughput compared with Non-CoMP scheme.

· CoMP over site coordination area achieves 21~47% more edge UE’s throughput compared with Non-CoMP scheme.
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Appendix
Table A-1.  Simulation Parameters and Assumptions

	Parameter
	Value and Assumption

	Macro cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site, wrap-around

Inter-site distance: 500[m]

	Low Power node  layout
	4 low power nodes per macro cell

Uniform distribution in the geographic area of a macro cell

Minimum distance between low power node and macro node : 75m
Minimum distance between low power nodes : 40m

	Carrier Frequency  
	2GHz

	Duplex method 
	FDD 10 +10MHz

	Network synchronization
	Synchronized

	UE dropping
	25*57 UE, uniform dropping for Configuration 1 based on TR36.814

	Handover margin
	1dB

	Antenna Height
	32 m for macro node, 10m for low power node, 1.5m for UE 

	Channel model between UE and macro node
	ITU UMa , (modified with UE speed 3km/hr, 
No in-car penetration loss, 32m BS antenna height)

	Channel model between UE and low power node
	ITU UMi , (modified with 2GHz Carrier Frequency, 100% outdoor UE)

	Antenna pattern
	3 dimension model [TR36.814] for macro node
2 dimension omni-direction model for low power node

	Antenna configuration
	4x2 and 2x2 antenna 
Macro & low power node: Co-polarized or X- polarized antennas, 0.5 wavelengths separation
UE: Co-polarized or X- polarized antennas, 0.5 wavelengths separation

	Transmission scheme 
	SU-MIMO
MU-MIMO
SU/MU-MIMO (SU-MU dynamic switching)

MU-CS/CB 05 cell CoMP (sectorized coordination area)
MU-CS/CB 15 cell CoMP (site coordination area)

SU/MU-CS/CB 05 cell CoMP 
SU/MU-CS/CB 15 cell CoMP 

	Scheduler
	Proportional Fair in Time and Frequency 

	Channel quality report
	6RB Sub-band report for CQI and channel direction information.
5ms CQI reports periodicity,
6ms delay total (measurement in subframe n is used in subframe n+6)
MCSs based on LTE transport formats [36.213]
4 bit LTE codebook as feedback codebook

	HARQ scheme
	Incremental Redundancy (IR) , Maximum 4 transmissions
Initial transmission target FER: 10%

	Receiver type
	MMSE (option 1 of R1-110586)

	Channel estimation
	Non-ideal for demodulation & CSI measurement

	Control channel and reference signal overhead 
	4.067 OFDM symbols per RB for 4Tx, 3.83 for 2Tx with CSI-RS muting 

- PDCCH overhead : (4/10subframes * 3 symbol + 6/10subframes * 2 ) 

- DRS overhead : 12RE/RB.   
- CRS overhead : 4/10subframes*6RE/RB

- CSI-RS overhead : 2/10subframes * (#TxAnt) RE/RB * (7 RF) 

	Feedback and control channel errors
	Ideal

	Traffic Model
	Non-full buffer traffic model
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