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1 Introduction
Based on [1], the companies are encouraged to join the calibration of the baseline non-CoMP scheme before conducting the phase-2 evaluation. Mediatek also joined the calibration and our results are aligned with the main stream. In this contribution, we provide some simulation results to compare the coordinated scheduling (CS)/coordinated beamforming (CB) with the Rel-10 eICIC scheme. Additionally, some observations, based on the simulation results, are also made for scenarios 3 and 4. 
2 Discussion on Simulation Environments
In this section, the simulation methodologies are briefly described. For the determination of the cooperating set, the method used in this contribution is the same as in our previous contribution [2]. 
2.1 Coordinated Scheduling
The CS method utilized in this contribution is divided into two steps [3]:
Step 1: frequency-domain scheduling 

The proportional fair (PF) metric of each UE is calculated for each physical resource block (PRB). The PF metrics from all UEs are then ordered PRB-by-PRB, and for each PRB the best K UEs are kept as the candidates for step 2 (see Figure 1 for illustration).
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Figure 1. Illustration of step 1 of CS.

Step 2: space-domain scheduling
Assume there are M transmission points joining the CS operation. For each PRB, the scheduler should evaluate KM UE combinations to find out the best one as the final scheduling decision, such that the following metric is maximized
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 denotes the average throughput of the mth UE in a UE combination, 
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[image: image7.png]RRH#0

UE#0,0 UE#1,0

UE#2,0 UE#0,0

UE#1,0 UE#2,0

ith UE of jth point

RRH#1

UE#2,1 UE#O0,1
UE#0,1 UE#2,1

UE#1,1 UE#2,1

 —

For each PRB,
calculate Csum for each
UE combination (4 UE
combinations for each
PRBin this example)
and choose the best
one

RRH#0 RRH#1
UE#1,0
UE#2,0
UE#1,0

UE#0,1
UE#2,1

UE#2,1




Figure 2. Illustration of step 2 of CS.

2.2 Coordinated Beamforming
CS also can be combined with CB, so as to further improve the system performance. One of the popular CB methods is based on maximization of signal to leakage plus noise ratio (SLNR). For better understanding, it is assumed that two UEs, each of which is belonged to a different point (i.e., UE #0 and UE #1 are associated with points #0 and point #1, respectively), are joining the CoMP transmission. Then, the precoding weight for the UE #0 of point #0 is derived based on the following cost function [4]: 
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where 
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 is the regulation factor, 
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 denotes the spatial correlation matrix between UE #i and point #j (which can be ) and 
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 represents the interference power experienced by UE #1 of point #1 (excluding the interference from point #0). The solution for the above cost function is given by [4]
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 is a function to obtain the eigen-vectors corresponding to the largest L eigen-values of the matrix A and L is the transmission  rank of the UE. Based on [4], the SLNR can be easily extended for the case with more than two UEs. It is also noted that to realize SLNR-based CB requires the reports of 
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 from UEs.
3 Simulation Results

It is noted that we simulate scenarios 3 and 4 as a single scenario by assuming the point splitting is perfect in scenario 4. The simulation assumptions are shown in Appendix to compare the following deployment scenarios: 
· SU-MIMO under conventional HetNet

· SU-MIMO with Rel-10 eICIC
· SU-MIMO with CS/CB
In the simulations, we consider four low-power RRHs under configurations 1 and 4b. For Rel-10 eICIC, the ABS pattern is set as in figure 3 and the RSRP bias values are set to be 0 dB and 12 dB for MeNB and RRH, respectively. For CS and CS/CB, the parameters K and  (see Section 2.1) are set to be 5 and 1, respectively.
[image: image15.emf]ABS


Figure 3. ABS pattern used in the simulations.
The first set of simulation results (see Table 1) shows the comparison of the considered scenarios under configuration 1.
Table 1. Simulation results for configuration 1.
	Scenario\Performance
	Average (bps/Hz)
	Gain over HetNet
	Gain over Rel-10 eICIC
	5% User
(bps/Hz)
	Gain over HetNet
	Gain over Rel-10 eICIC
	Jain Index

	HetNet
	4.2274
	
	
	0.0204
	
	
	0.45

	Rel-10 eICIC
	4.3265
	2.3%
	0%
	0.0229
	12.2%
	0%
	0.47

	CoMP CS/CB
	4.2128
	-0.3%
	-2.6%
	0.0244
	19.6%
	6.6%
	0.39


The second set of simulation results, which is completed under configuration 4b, is summarized in Table 2.
Table 2. Simulation results for configuration 4b.
	Scenario\Performance
	Average (bps/Hz)
	Gain over HetNet
	Gain over Rel-10 eICIC
	5% User
(bps/Hz)
	Gain over HetNet
	Gain over Rel-10 eICIC
	Jain Index

	HetNet
	5.2269
	
	
	0.0383
	
	
	0.63

	Rel-10 eICIC
	5.3180
	1.7%
	0%
	0.0368
	-3.9%
	0%
	0.61

	CoMP CS/CB
	5.2241
	-0.05%
	-1.7%
	0.0428
	11.7%
	16.3%
	0.65


4 Conclusions
Based on the simulation results, we have the following observations:
· Under configuration 1, the CS/CB scheme achieves 19.6% and 6.6% of cell-edge performance gain over the conventional HetNet scenario and Rel-10 eICIC, respectively.
· Under configuration 4b, the CS/CB scheme achieves 11.7% and 16.3% of cell-edge performance gain over the conventional HetNet scenario and Rel-10 eICIC, respectively.
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Appendix
Table A. Simulation assumptions.

	Parameter
	Settings

	System bandwidth 
	10 MHz (2 GHz)

	Deployment scenarios
	Rank-1 transmission is implemented in the following scenarios:

· SU-MIMO under conventional HetNet
· SU-MIMO with Rel-10 eICIC
· SU-MIMO with CS/CB

	CoMP area
	1 cell

	MeNB and low-power RRH TX powers
	46 dBm and 30 dBm

	Number of UEs per point
	30

	Number of macro cells
	57

	Impairments modeling
	Baseline timing error is 0 us

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	MeNB: 2
RRH: 2

	Number of antennas at UE end
	2

	eNB antenna configuration
	2TX ULA with 0.5 λ separation. 
3D pattern with 12° electric downtilt

	RRH antenna configuration
	2TX ULA with 0.5 λ separation and 2D pattern. 

	UE antenna configuration
	2 RX ULA with 0.5 λ separation

	Feedback scheme
	· PUSCH 3-2 like feedback (subband PMI/CQI report, 5RB subband size) for both Rel-10 and CoMP
· Feedback periodicity is 5 ms with 6 ms delay

	Channel estimation
	Idea

	UE Receiver
	MMSE-IRC (R1-110586)

	DL signalling overhead
	3 control OFDM symbols + DM-RS (12 REs per PRB)

	Max # of HARQ retransmissions
	4 (chase combining)

	Traffic model
	Full buffer

	Backhaul 
	Point-to-point fiber,  zero latency and infinite capacity

	Inter-site distance
	500 m

	Channel model
	UMa for Macro and UMi for low power node

	UE noise figure
	9 dB
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