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1. Introduction
This contribution presents evaluation results for JT (Joint Transmission) for phase 2 CoMP study. Since the concerned scenarios are co-channel deployed Heterogeneous Network (HetNet) with high power eNodeBs and low power RRHs, the performance evaluation of Rel.8/9 HetNet, Rel.10 time domain eICIC are also provided to assist the comparison and analysis.
 All the evaluated scenarios are list as following based on the agreement [1] of last meeting:
-
Rel.8/9 HetNet co-channel deployment (Baseline) 

-
HetNet co-channel deployment with CRE (Cell Range Expansion)
-
Rel.10 HetNet co-channel deployment with CRE and statically configured ABS (Almost Blank Subframe) 
-
HetNet performing JT CoMP

2. Simulation assumptions

2.1. CoMP cell selection
In our simulation, 4 low power RRHs are deployed in the overlay coverage area of each high power RRH Macro cell. These five cells form a CoMP cluster or so called a cooperation set, which means a UE can only choose the cell(s) in the unique CoMP cluster of its serving cell as its coordinated cell(s).
The maximum number of coordinated cells chosen by UE including the serving cell is 3. The criterion of choosing CoMP cells is as follow:
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, if the RSRP gap between the candidate cell and serving cell is within a threshold (we use 10dB), then the UE chooses the candidate cell to be its coordinated cell. And a CoMP UE can also be scheduled as a normal UE with single cell transmission depending on its scheduling metrics.

2.2. Benchmark assumptions

The performances of the following scenarios are also presented as benchmarks of the evaluation. 
· Rel.8/9 HetNet

· Rel.8/9 HetNet + 8/15dB CRE(Cell Range Expansion) Bias

· Rel.10 HetNet +  8/15dB CRE Bias + ABS
Note: The ABS pattern employed here is 10101010 for every 8 TTI.

2.3. Feedback and overhead
All the UEs are required to feedback the CQI/PMI/RI of the serving cell in a granularity of 5 PRBs or integer multiple of 5PRBs. Besides, the UE configured as CoMP UE not only feedback the CQI/PMI/RI for single cell transmission but also feedback additional CSI to assist the CoMP transmission.

In our simulation 2Tx/RRH and 2Rx/UE is employed. The Rel.8 2Tx codebook is used for single cell and JT transmission with local precoding. The search of optimal PMIs is performed over all the possible PMI combinations between all the coordinated RRHs. And the rank adaptation is also taken into account.
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It should be noticed that no additional co-phasing search is performed for JT transmission. 

The CQI corresponding to JT transmission is derived from the best PMI combination from the searching.
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The maximum JT transmission point number is three in our simulation. Hence UEs configured as CoMP UE could be scheduled to perform the downlink transmission in a three/two points JT manner or single cell transmission, which is up to the scheduler decision.
The downlink overhead in scenario 3 consists of: 
· 3 OFDM symbols PDCCH

· CRS of two antenna ports

· CSI-RS and PDSCH muting
· DM-RS
The feedback delay is 5 TTI with ideal channel estimation.

Other simulation assumptions are listed in the appendix Table 2.

2.4. Scheduler methodology

The schedule method used in our simulation is described as below:
Step 1: PF metrics computation

 For normal UEi, the PF metric is calculated based on the feedback CQI and PMI;
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For CoMP UEj with collaborated cells, multiple PF metrics are derived from the normal CQI corresponding to the single cell transmission and the additional feedback CQI used for JT transmission;
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Where the 
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 denotes the estimated MCS level adapted to totally j cells joint transmission of UEi,
the 
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denotes the PF metric for the totally j cells joint transmission of UEi.
Step 2: Sort all the PF metrics to decide which UE is the most suitable one to occupy a specific sub-band and which mode of transmission (single cell/2 cell JT CoMP/3cell JT CoMP) the UE shall perform.
Step 3: The resource is then marked according to the scheduling result. Namely, if certain  sub-band(s) of a cell have been allocated to JT CoMP transmission of the neighbor cell, this part of resource will not be scheduled to its own user.
Due to the coarse granularity of CSI feedback, the employed scheduler method here is less than sophisticated to avoid unnecessary computation complexity and backhaul payload.
3. Simulation results

Here we provide the downlink SU performance evaluations for vertical and cross polarized antenna, uniformed (Configuration 1) and clustered (Configuration 4b) UE dropping configuration. All the simulation cases are under the assumption of ITU channel and full buffer traffic model.
The performance comparison is listed in Table 1, Figure 1 and Figure 2. 
Table 1: DL performance of JT CoMP of scenario 3
	Configuration 1
	Antenna Polarization
	Macro Cell area average throughput (bps/Hz)
	Edge (5%) user throughput (bps/Hz)
	Jain Index

	Rel.8/9 HetNet
	Tx || Rx||
	9.56(baseline)
	0.051(baseline)
	0.49

	HetNet 8dB CRE
	Tx || Rx||
	8.93 (-6.57%)
	0.037(-26.56%)
	0.58

	HetNet 15dB CRE
	Tx || Rx||
	8.52 (-10.85%)
	0.007(-85.23%)
	0.50

	8dB CRE+0.5ABS
	Tx || Rx||
	9.98 (4.39%)
	0.055(7.09%)
	0.54

	15dB CRE+0.5ABS
	Tx || Rx||
	9.66 (1.03%)
	0.0669(29.98%)
	0.60

	JT CoMP
	Tx || Rx||
	9.83 (2.82%)
	0.06571(28.84%)
	0.55

	Configuration 4b
	Antenna Polarization　
	Macro Cell area average throughput (bps/Hz)
	Edge (5%) user throughput (bps/Hz)
	Jain Index

	Rel.8/9 HetNet
	Tx || Rx||
	10.87(baseline)
	0.074(baseline)
	0.58

	HetNet 8dB CRE
	Tx || Rx||
	10.49 (-3.47%)
	0.017(-77.00%)
	0.52

	HetNet 15dB CRE
	Tx || Rx||
	10.76 (-0.97%)
	0.050(-32.47%)
	0.62

	8dB CRE+0.5ABS
	Tx || Rx||
	12.21 (12.32%)
	0.106(42.83%)
	0.70

	15dB CRE+0.5ABS
	Tx || Rx||
	11.93 (9.73%)
	0.096(29.55%)
	0.71

	JT CoMP
	Tx || Rx||
	11.76(8.00%)
	0.0859(16.08%)
	0.62

	Configuration 1
	Antenna Polarization　
	Macro Cell area average throughput (bps/Hz)
	Edge (5%) user throughput (bps/Hz)
	Jain Index

	Rel.8/9 HetNet
	Tx x Rx+
	8.72(baseline)
	0.04462(baseline)
	0.50

	HetNet 8dB CRE
	Tx x Rx+
	7.95 (-8.82%)
	0.021(-53.27%)
	0.56

	HetNet 15dB CRE
	Tx x Rx+
	7.23 (-17.09%)
	0.003(-93.46%)
	0.46

	8dB CRE+0.5ABS
	Tx x Rx+
	8.71 (-0.04%)
	0.046(4.89%)
	0.53

	15dB CRE+0.5ABS
	Tx x Rx+
	8.36 (-4.13%)
	0.047(6.76%)
	0.59

	JT CoMP
	Tx x Rx+
	9.07(4.04%)
	0.0555(24.38%)
	0.55

	Configuration 4b
	Antenna Polarization　
	Macro Cell area average throughput (bps/Hz)
	Edge (5%) user throughput (bps/Hz)
	Jain Index

	Rel.8/9 HetNet
	Tx x Rx+
	9.94(baseline)
	0.064(baseline)
	0.57

	HetNet 8dB CRE
	Tx x Rx+
	9.60 (-3.34%)
	0.033(-47.37%)
	0.60

	HetNet 15dB CRE
	Tx x Rx+
	9.09 (-8.50%)
	0.009 (-85.02%)
	0.48

	8dB CRE+0.5ABS
	Tx x Rx+
	10.89 (9.69%)
	0.085 (33.73%)
	0.69

	15dB CRE+0.5ABS
	Tx x Rx+
	10.63 (7.07%)
	0.075 (18.99%)
	0.69

	JT CoMP
	Tx x Rx+
	10.77 (8.43%)
	0.0733 (15.06%)
	0.60


[image: image8.png]Macro Cell area average throughput (bps/Hz)
10.50

10.00

9.50

9.00

8.50

8.00 I

7.50 s s s s s

Rel.8/9 HetNet 8dB HetNet15dB elCIC8dB  elCIC15dB  JT CoMP
HetNet CRE CRE CRE&O0.5ABS CRE&0.5ABS

Configuration 1




[image: image9.png]Edge (5%) user throughput (bps/Hz)

0.080
0.070
0.060

0.050
0.040
0.030
0.020
0.010
0.000 s s - s s s !

Rel.8/9 HetNet8dB HetNet 15dB  elCIC 8dB elCIC 15dB JT CoMP
HetNet CRE CRE CRE&O0.5ABS CRE&0.5ABS

Configuration 1




 [image: image10.png]12.50

12.00

11.50

11.00

10.50

10.00

9.50

Macro Cell area average throughput (bps/Hz)

]IlIIE

Rel.8/9
HetNet

HetNet 8dB HetNet 15dB  elCIC8dB  elCIC 15dB
CRE CRE CRE&O0.5ABS CRE&0.5ABS

Configuration 4b

JT CoMP




[image: image11.png]Edge (5%) user throughput (bps/Hz)

0.120

0.100

0.080
0.060
0.040
0.020
0.000 : - : : : :

Rel.8/9  HetNet 8dB HetNet 15dB eICIC8dB  elCIC 15dB  JT CoMP
HetNet CRE CRE CRE&O0.5ABS CRERO.5ABS

Configuration 4b





Figure 1: Performance comparison of vertical polarized antenna
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Figure 2: performance comparison of cross polarized antenna

4. Observation and analysis
· The simulation results show that Rel.10 time domain eICIC can enhance the system performance in most cases. 
· Compared with the baseline Rel.8/9 HetNet, the eICIC achieves 1.03% ~ 12.32% performance gain in system average spectrum efficiency and 4.89% ~ 42.83% boosting in cell edge user throughput.
· Under our simulation assumptions, the eICIC in configuration 4b performs better than that in configuration 1. 

· With statically fixed eICIC parameters (CRE bias and resource partitioning ratio), the performance could fluctuate depending on different cases configuration.
· In some cases, there is tradeoff between cell average and edge user performance.
· And we speculate that with special optimized eICIC for each case, further potential performance boosting could be achieved.

·  JT CoMP can always robustly benefit both cell average and edge performance in each case.
· Compared with the baseline Rel.8/9 HetNet, the JT CoMP provides 2.82% ~ 8.43% performance gain in system average spectrum efficiency and 15.06% ~ 28.84% improvement in cell edge user throughput.
· Under our simulation assumptions, the JT CoMP in configuration 1 facilitates the network coverage better than that in configuration 4b. And on the other hand, the boosting on system average spectrum efficiency brought by JT CoMP in configuration 1 is slightly smaller compared with that in configuration 4b.
5. Conclusion
In this contribution, the performance of Rel.8/9 HetNet, Rel.10 time domain eICIC, and CoMP JT scheme are evaluated. Based on the simulation results, it is found that both eICIC and JT CoMP are capable of benefiting the system performance. It is then recommended to further study and evaluate the respective techniques.
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7. Appendix
Table 2: Simulation assumptions and parameters
	Parameter
	Numerical Value and Description

	Inter-site distance
	500m

	Carrier Frequency
	2 GHz

	Cellular Layout
	7 cell-sites × 3 sectors per cell-site with wrap around.

	Channel model
	Macro cell: UMa

Low power node cell: UMi

	Bandwidth
	10 MHz

	Antenna configuration
	Closely-spaced:   Tx ||   Rx || 
                            Tx x   Rx +

	Outdoor RRH depolyment
	4 RRHs per cell (sector) uniformly deployed

	UE dropping
	30 UEs dropped as Configuration 1&4b[3]

	Scheduler
	Proportional Fair

	CQI feedback latency
	5 TTI

	Receiver
	MMSE

	Traffic Model
	Full buffer

	Macro eNodeB transmission power
	46dBm

	Macro eNodeB antenna gain
	17dBi

	RRH transmission power
	30dBm

	Low power RRH antenna gain
	5dBi

	Range expansion bias
	{8, 15}dB

	ABS pattern
	10101010 for Rel.10 HetNet
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