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1. Introduction

In 3GPP RAN1#63bis meeting, four deployment scenarios were agreed for evaluation and study of CoMP transmission [1], and also allocated to be CoMP Phase 1 and Phase 2. In the past meeting, the Phase 1 evaluation results were presented by companies, and CoMP gain compared with single cell MIMO was recognized. The evaluation cases of CoMP Phase 2 were also discussed, which are listed as below:
· Companies are encouraged to submit absolute performance metrics for following scenarios
· Macro + LPN + association value 0 dB  (Baseline) 
·  No resource partitioning between Macro and LPN layer on the subframe level

· Macro + LPN + association value X dB
· Static resource partitioning between Macro and LPN layer on the subframe level

· Partition ratio and X should be described.

· Macro + LPN + CoMP

In [2], we provided the simulation results for Phase 1 in homogeneous network and in [3], performance of CS/CB-CoMP for Phase 2 in TDD is given. In this contribution, we will provide evaluation results of JT for Phase 2(Scenarios 3 and 4) in TDD system. For the case of Macro+LPN+CoMP, CoMP with eICIC is also evaluated.   The one with combination of eICIC and CoMP is as below:

· Macro + LPN + association value X dB+CoMP

· Static resource partitioning between Macro and LPN layer on the subframe level
2. JT transmission
In a coordination area with macro eNB and N low power RRHs, the CoMP transmission points are the points satisfying the following criterion:

RSRPi ≥RSRP0 – a or PSRS,i≥PSRS,0 – b                                            (1)
where RSRPi and RSRP0 are the RSRP report from the UE for transmission point i and the serving point, while PSRS,i and PSRS,0 are the SRS receive power in those two points. The RSRP formula is used in our evaluation. Here a is a threshold for selecting transmission point, and is set to be 20dB in out evaluations. The maximal number of points in measurement set is four. It should be noticed that in CoMP+eICIC case, Macro node is silent in ABS subframe and only coordination among RRHs is performed in those protected subframes, while there are coordination among Macro and all RRHs in normal  subframes. In our evaluation, it is assumed eICIC mechanism can also work in Scenario 4, i.e., ABS is configured and applied for Macro node, and the association value can be viewed as a parameter of scheduling algorithm. The transmission point set is UE-specific and can be overlapped for different UEs. Concretely, the scheduler can be described in the following steps:
· Each UE is associated with a point with the highest SRS receive power or RSRP considering 1dB handover margin. The operation in CS/CB transmission can be reused.
· For each point, the scheduler schedule UEs from those UEs associated with it assuming single point transmission. SU-JT in simulation indicates one user per transmission point. In MU-JT, Greedy algorithm is used and maximal 2 users are allowed for paring per point/cell.
· For each scheduled UE, eNB calculates the corresponding precoding matrix assuming joint transmission, and CQI is then recalculated. Transmission rank is equal to 1 in all the cases.
The precoding matrix of UE k is obtained so that the following SLNR is maximized
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where 
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is the precoding matrix of UE k; 
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 is the joint covariance matrix of the channel between UE k and the transmission points of UE k; 
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 is the joint covariance matrix of the channel between UE j and the transmission points of UE k; 
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is the set of UEs scheduled on the same time-frequency resource with UE k, and 
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 is a factor associated with noise and inter-cell interference.  It can be noticed that if there is only one point in the transmission point set of a UE, the transmission scheme will fall back to CS/CB.
3. Results

In this section, we provide the results of JT with the simulation assumptions, TDM eICIC configuraoitons and overhead assumption in Appendix, and the following four cases were compared given ideal and non-ideal CSI:

Case 1(MIMO): Macro + LPN + association value 0 dB (Baseline) 
Case 2(MIMO+eICIC): Macro + LPN + association value X dB + Static resource partitioning
Case 3(CoMP): Macro + LPN + CoMP
Case 4(CoMP+eICIC): Macro + LPN + association value X dB + static resource partitioning + CoMP

Channel covariance matrix between each CoMP coordination point and each UE is assumed to be available via SRS transmission with non-ideal channel estimation. Intra-point and inter-point antenna calibration error is also considered in our evaluation.
The impact of CRS with different sequence and frequency shift in Scenario 3 is not included. With that, the performance will be degraded for all cases because of CRS interference from neighboring cell, and the gain of Case 2, 3 and 4 may be different from what is shown in the evaluation. In Scenario 4, CRS from different points within a cell has the same allocation, but they cannot be used for measurement of interference outside coordination set. Some performance loss may also rise.
Multiple biases are evaluated in our simulations. However for more clear description of evaluation results, only the bias which can provide large gain for all the schemes in the configuration is shown (For some schemes, it may not provide the largest gain, but it is not far away). Contents in grey shadow are baseline for gain comparison in Table 1-4. 
There are two considerations about coordination area:

· For intra-cell case, the coordination area includes only the points within a sector, i.e. one cell with 4 low-power nodes [1]

· for intra-site case, the set is expanded to the points within a site including three sectors and 3*N(N=4) low power RRHs, i.e. 3 intra-site cells with 3*4  low-power nodes [1]

It is noted that no matter which coordination areas, ABS pattern is configured the same among sectors if association value is applied.

Table 1: Simulation results of Scenario 3/4 for (2, 2) (x-pol) without eICIC
	UE distribution
	CSI configuration
	Transmission Mode
	Average Spectrum Efficiency (bps/Hz)
	5% Cell edge UEs Spectrum Efficiency(bps/Hz/user)
	Average SE Gain over baseline
	5% cell edge UEs  SE Gain over baseline

	Config 1

(bias=0dB, AR=54.2%)
	Single-cell
	SU-MIMO
	7.27
	0.049
	0.00%
	0.00%

	
	
	MU-MIMO
	8.93
	0.062
	0.00%
	0.00%

	
	Intra-cell
	SU-JT
	8.44
	0.055
	16.05%
	13.43%

	
	
	MU-JT
	8.86
	0.063
	2.33%
	0.23%

	
	Intra-site
	SU-JT
	9.13
	0.074
	50.55%
	41.33%

	
	
	MU-JT
	9.46
	0.080
	28.43%
	9.86%

	Config 4b

(bias=0dB, AR=68.5%)
	Single-cell
	SU-MIMO
	8.15
	0.055
	0.00%
	0.00%

	
	
	MU-MIMO
	10.25
	0.071
	0.00%
	0.00%

	
	Intra-cell
	SU-JT
	9.80
	0.070
	20.24%
	27.34%

	
	
	MU-JT
	10.18
	0.079
	-0.67%
	11.22%

	
	Intra-site
	SU-JT
	10.47
	0.086
	28.46%
	55.44%

	
	
	MU-JT
	10.79
	0.092
	5.26%
	29.36%


Table 2: Simulation results of Scenario 3/4 for (2, 2) (x-pol) with eICIC
	UE distribution
	CSI configuration
	Transmission Mode
	Average Spectrum Efficiency (bps/Hz)
	5% Cell edge UEs Spectrum Efficiency(bps/Hz/user)
	Average SE Gain over baseline
	5% cell edge UEs  SE Gain over baseline

	Config 1

(bias=18dB, AR=84.98%)
	Single-cell
	SU-MIMO
	7.48
	0.072
	2.94%
	46.55%

	
	
	MU-MIMO
	9.24
	0.083
	3.43%
	34.46%

	
	Intra-cell
	SU-JT
	8.55
	0.079
	17.62%
	61.00%

	
	
	MU-JT
	8.93
	0.084
	-0.04%
	35.74%

	
	Intra-site
	SU-JT
	9.00 
	0.094 
	23.89%
	93.21%

	
	
	MU-JT
	9.32 
	0.095 
	4.32%
	53.11%

	Config 4b

(bias=12dB, AR=88.12%)
	Single-cell
	SU-MIMO
	8.82 
	0.086 
	8.21%
	55.51%

	
	
	MU-MIMO
	11.76 
	0.110 
	14.78%
	53.83%

	
	Intra-cell
	SU-JT
	10.66 
	0.113 
	30.80%
	105.66%

	
	
	MU-JT
	11.19 
	0.114 
	9.20%
	60.33%

	
	Intra-site
	SU-JT
	11.13 
	0.123 
	36.57%
	122.50%

	
	
	MU-JT
	11.53 
	0.123 
	12.47%
	72.89%


Table 3: Simulation results of Scenario 3/4 for (8,2) (x-pol) without eICIC
	UE distribution
	CSI configuration
	Transmission Mode
	Average Spectrum Efficiency (bps/Hz)
	5% Cell edge UEs Spectrum Efficiency(bps/Hz/user)
	Average SE Gain over baseline
	5% cell edge UEs  SE Gain over baseline

	Config 1

(bias=0dB, AR=54.2%)
	Single-cell
	SU-MIMO
	7.85
	0.087
	0.00%
	0.00%

	
	
	MU-MIMO
	10.01
	0.113
	0.00%
	0.00%

	
	Intra-cell
	SU-JT
	8.96
	0.093
	14.20%
	7.12%

	
	
	MU-JT
	9.89
	0.120
	-1.21%
	5.93%

	
	Intra-site
	SU-JT
	9.65
	0.111
	22.94%
	28.24%

	
	
	MU-JT
	10.70
	0.138
	6.88%
	21.89%

	Config 4b

(bias=0dB, AR=68.5%)
	Single-cell
	SU-MIMO
	8.81
	0.087
	0.00%
	0.00%

	
	
	MU-MIMO
	11.33
	0.107
	0.00%
	0.00%

	
	Intra-cell
	SU-JT
	10.41
	0.100
	18.23%
	15.25%

	
	
	MU-JT
	11.18
	0.109
	-1.30%
	1.72%

	
	Intra-site
	SU-JT
	11.11
	0.114
	26.15%
	31.22%

	
	
	MU-JT
	12.01
	0.121
	5.98%
	10.90%


Table 4: Simulation results of Scenario 3/4 for (8, 2) (x-pol) with eICIC
	UE distribution
	CSI configuration
	Transmission Mode
	Average Spectrum Efficiency (bps/Hz)
	5% Cell edge UEs Spectrum Efficiency(bps/Hz/user)
	Average SE Gain over baseline
	5% cell edge UEs  SE Gain over baseline

	Config 1

(bias=12dB, AR=75.16%)
	Single-cell
	SU-MIMO
	7.61
	0.077
	-3.13%
	-11.12%

	
	
	MU-MIMO
	9.68
	0.091
	-3.33%
	-19.82%

	
	Intra-cell
	SU-JT
	8.65
	0.091
	10.22%
	5.42%

	
	
	MU-JT
	9.37
	0.095
	-6.42%
	-16.24%

	
	Intra-site
	SU-JT
	9.16
	0.102
	16.61%
	17.59%

	
	
	MU-JT
	9.86
	0.105
	-1.48%
	-7.08%

	Config 4b

(bias=8dB, AR=84.91%)
	Single-cell
	SU-MIMO
	8.98
	0.093
	1.97%
	7.41%

	
	
	MU-MIMO
	12.21
	0.118
	7.69%
	9.69%

	
	Intra-cell
	SU-JT
	10.77
	0.123
	22.32%
	41.91%

	
	
	MU-JT
	11.64
	0.129
	2.74%
	19.87%

	
	Intra-site
	SU-JT
	11.23
	0.133
	27.53%
	53.36%

	
	
	MU-JT
	12.01
	0.137
	5.98%
	27.75%


We give some figures based on Config 4b and antenna configuration (2, 2) for comparison as follows:
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Figure 1: Gain of eICIC (Case 2) over SU/MU-MIMO (Case 1) with (2, 2) and Config 4b
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Figure 2: Gain of CoMP (Case 3) over SU/MU-MIMO (Case 1) with (2, 2) and Config 4b
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Figure 3: Gain of CoMP+eICIC (Case 4) over SU/MU-MIMO (Case 1) with (2, 2) and Config 4b
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Figure 4: Gain of CoMP (Case 3) over eICIC (Case 2,) with (2, 2) and Config 4b
[image: image15.png]30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
0.00%
-5.00%
-10.00%

Average UE Gain

-4.86%

M intra-cell M Intra-site




    [image: image16.png]50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Cell Edge UE gain

43.08%

SU-IT MU-IT

®Intra-cell ~ mIntra-site





Figure 5: Gain of CoMP+eICIC(Case 4) over eICIC (Case 2) with (2, 2) and Config 4b
From the above results, we can find that:
1. The gain of SU-JT is significantly larger than MU-JT, though MU-JT can always obtain larger absolute spectrum efficiency.

2. The gain of intra-site coordination is more significant than intra-cell coordination in most cases with more coordination points. There is no additional gain for case 2(eICIC) since the same semi-static ABS pattern is configured in both intra-cell and intra-site coordination area.
3. For intra-cell coordination, if eICIC is not configured, JT can provide 10%-25% gain over SU-MIMO, and for MU case no gain can be obtained. If eICIC is configured, the gain greatly relies on the antenna configuration. With (2, 2) antenna configuration eICIC can provide 35%-55% cell edge gain over baseline, and combination of JT and eICIC can provide more edge gain. With (8, 2) configuration, there is some loss for eICIC with Config 1, since many UEs used to get access to 8tx Macro change connection to 2tx RRHs in the protected subframes. The JT+eICIC scheme also suffers from that and significant gain can be found with Config 4b.
4. Some gain can be obtained for SU-JT+eICIC scheme over SU-MIMO with eICIC, but for MU case, the performance of the two schemes is very close.
4. Conclusions

In this contribution, we present some simulation evaluation for CoMP CS/JT transmission in scenarios with lower power RRHs, and channel reciprocity is adopted in our evaluation. We summarize our observations from the results that:
· JT without eICIC can provide attractive gain over SU/MU-MIMO, which is comparable with eICIC.
· Intra-cell coordination could provide attractive gain, and gain of intra-site coordination is more significant than intra-cell coordination.
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6. Annex: Simulation assumptions

	Parameter
	Assumption 

	Scenario
	Scenario 3 / 4

	Deployment model
	Heterogeneous deployment with low Tx power RRHs

	
	Zero backhaul latency

	
	Hexagonal grid, 19 macro sites, 3 sectors/site, 4 RRHs/sector

	Coordination area
	Intra-cell: 1 cell with N low-power nodes as starting point
Intra-site: 3 intra-site cells with 3 * N low-power nodes

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Control OFDM symbols per RB pair
	3

	Max number of HARQ retransmissions
	4

	Channel model
	Macro to UE: ITU UMA

	
	RRH to UE: ITU UMI

	Transmit power
	Macro site: 46dBm; RRH: 30dBm

	Number of antennas (Macro, RRH)
	(2, 2),
(8, 2)

	Number of UE antennas
	2

	Number of UE per macro area
	Config 1: 25; Config 4b: 30

	Antenna configuration
	TX: cross-polarized ±45°
RX: cross-polarized ±45°

	Receiver 
	MMSE option 1

	Propagation delay
	Modeled

	Timing error
	0 us

	Feedback type
	SRS and out-of-coordination-area interference feedback

	Period of SRS transmission
	10ms

	Link adaptation
	Non-ideal

	Scheduler
	Proportional fair in time and frequency

	Maximum number of co-scheduled UEs
	1 / point, 2 / point

	SRS channel estimation modeling method
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	SRS transmission
	TDM between co-located macro cells

	UL/DL configuration
	1, DSUUD 

	TDM eICIC configuration
	1 ABS subframe per half frame

	Antenna calibration error
	(0.5dB, 5 Degree) for Tx point and UE, (0dB, 5 Degree) for inter-point

	Tx point selection threshold
	20 dB

	Max number of point in measurement set
	4

	Overhead
	TDD frame configuration 1, during one half frame: 1 MBSFN DL subframe, 1  non-MBSFN DL subframe, 1 special subframe.

- MBSFN DL subframe: 2 PDCCH symbols, 12 RE/RB DMRS.

- non-MBSFN DL subframe: 3 PDCCH symbols, 12 RE/RB DMRS, 2 CRS ports.

- special subframe: 11 DwPTS symbols, 2 PDCCH symbols, 6 RE/RB DMRS

Total overhead:  29.5%
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