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1 Introduction
Based on [1], the simulation evaluations of scenarios 3 and 4 [2] begin after RAN1 #64. In this contribution, we provide some preliminary simulation results to compare the joint transmission (JT) under scenarios 3 and 4 with the Rel-10 eICIC scheme. Additionally, some observations, based on the simulation results, are also made for the two HetNet scenarios. 
2 Discussion on Simulation Environments
In this section, the simulation methodologies for scenario 3, scenario 4, and Rel-10 eICIC are briefly described.
2.1 Determination of CoMP Cooperating Set of Scenarios 3 and 4
Scenario 3: The cooperating set associated with a CoMP UE is determined by a two-step RSRP based method. To proceed, it is assumed that there are N total transmission points in a system, and therefore the number of potential cooperating sets for an UE is immediately 
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 is the binomial coefficient. According to the assumption, the method used in the simulation is described in the followings.
Step 1: an exhaustive search is conducted to find out all candidate cooperating sets for each UE. If the ith cooperating set is selected, the following condition should be satisfied
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where  is a variable threshold, 
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 denotes the estimated RSRP of a UE’s serving cell (i.e., the strongest one among the estimated RSRPs), 
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 denotes the estimated RSRP of the nth cell in the ith cooperating set at the UE end, 
[image: image6.wmf]i

N

 is the number of cells in the ith cooperating set, and 
[image: image7.wmf]01

set

iN

££-

. For simplicity of further discussion, it is assumed that, without loss of generality, the selected candidate cooperating sets for the UE are [set #0, set #1,…, set #(I1)], in the descent order of the RSRP magnitude experienced by the UE.
Step 2: one cooperating set is chosen among the I candidates for the UE. The following procedure is used for this purpose.
Initialization step: i = 0
Iterative step: for i = 0: I1
if
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(2)
then set #i is chosen to be the cooperating set for the CoMP UE and break “for” loop.
else

           i = i+1
end                                                        
If no any cooperating cell is chosen at the end of this procedure, the UE is served by its serving transmission point only. Equation (2) is hinted from (1) by assuming all transmission points have equal transmit power. This way it balances the transmit powers of the transmission points in a cooperating set.
It is noted that the second step is to filter out some cooperating set, in which there are some transmission points with low transmit power contributed to the CoMP operation. In such a case, those transmission points generally can contribute more on the system throughput by serving their own UEs, instead of joining CoMP operation.   

Scenario 4: based on [3], RRHs can be served as distributed antennas of MeNB. In our simulations, we have two cases for scenario 4:

Case 1: MeNB and all RRHs within the coverage of MeNB jointly serve all UEs.
Case 2: each UE is served by a cooperating set. The cooperating set determination is based on the method described above. In this case, if a RRH (or MeNB) is not chosen to serve any UE in a subband, it transmits nothing in that subband, rather than serving its own UEs as in scenario 3.
2.2 Configuration of Comparative Rel-10 eICIC

According to [2], CoMP scenarios 3 and 4 should be compared with Rel-10 eICIC. Here, the configuration of the Rel-10 eICIC, which is used in our simulations, is briefly described. In this contribution, we implement the almost blank subframe (ABS) method with range extension (RE). In the cell association step, each UE chooses its serving cell by using the following criterion [6]
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where RSRPi denotes the RSRP from the ith transmission point and bias = 0 dB and 6 dB for MeNB and RRHs, respectively. Equation (3) implies the UEs, which are in the RE region of a RRH, experience relatively larger interference from MeNB. So, to reduce the interference for those victim UEs, the RRH should schedule them on ABS.
2.3 Scheduling Method

In the simulation, the two-step scheduling method proposed in [4] is utilized for each subband in scenario 3. It is summarized below:
Step 1: single-point scheduling
Each transmission point schedules the UE with the maximum single cell scheduling metric.

Step 2: multi-point scheduling
Each UE calculates the scheduling metric with the assumption of operating under the cooperating set derived from Section 2.1. If the CoMP scheduling metric larger than the sum of the individual scheduling metrics of the transmission points within the cooperating set, they are scheduled with the UE for CoMP transmission.
For scenario 4, the step 2 is skipped since each RRH act like a distributed antenna in the simulations. Also, only step 1 is implemented for Rel-10 eICIC, but two constraints should be considered: 
1. MeNB should not schedule UEs on ABS.

2. The UEs of each RRH, which are in the RE region, should have higher priority to be scheduled on ABS, and the rest of the resources on ABS is then assigned to other UEs.
2.4 PMI Feedback

The implicit feedback is utilized in the simulations. Each UE should report PMI for each subband. The details of PMI feedback within a subband are given below.

Scenario 3: for a non-CoMP UE, it should report the best PMI for its serving cell only. However, for a CoMP UE, it has to report an individual PMI for each transmission point of its cooperating set. Moreover, a co-phasing factor, which is 2-bit uniformly quantized (i.e., [1, -1, j, -j]), also should be reported for each non-anchor cooperating transmission point, so as to construct a concatenated PMI [5]. Note that the anchor transmission point is the one contributing the strongest RSRP at the UE end. 
Scenario 4: Since in this scenario the RRHs are treated as the distributed antennas of MeNB, UE should report a PMI for MeNB based on the “composite” channels of a cooperating set. For example, if there are four transmission points, UE has to calculate PMI based on the composite channel 
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 is the channel between the UE and the ith transmission point.
Rel-10 eICIC: each UE should report the best PMI for its serving cell.
3 Simulation Results

         The simulation assumptions are shown in Appendix to compare the following deployment scenarios: 
· Single-cell SU-MIMO: 2x2 rank-1 transmission.
· Rel-10 eICIC: 2x2 rank-1 SU-MIMO in MeNB/RRHs.
· Scenario 3 without eICIC: rank-1 SU-JT for CoMP UEs and 2x2 rank-1 SU-MIMO for non-CoMP UEs.
· Case 1 of Scenario 4: rank-1 SU-JT with full use of RRHs (see section 2.1).
· Case 2 of Scenario 4: rank-1 SU-JT with partial use of partial RRHs (see section 2.1).
Moreover, in the simulations, we consider four low-power RRHs, which are equally distributed in the arch 0.7R away from MeNB, within one cell (see Figure 1 [6]). Moreover, for fair comparison of Rel-10 eICIC and scenario 3, the number of UEs, which are assisted by the interference coordination method, is adjusted to be close in the two deployment scenarios. For this purpose, the parameter  (see (1)) are set to be 2 dB and the ABS pattern for Rel-10 eICIC is set as in the figure 2. In this way, 8.1% and 7% of UEs, in scenario 3 and Rel-10 eICIC respectively, are served by the corresponding interference coordination methods.
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Figure 1. RRH locations in a MeNB area.
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Figure 2. ABS pattern used in the simulations.
The first set of simulation results (see Table 1) shows the comparison of the considered scenarios with P=0, where P is defined in [2] and used to control the UE distribution among MeNB and RRHs.
Table 1. Simulation results with P = 0.
	Scenario\Performance
	Average (bps/Hz)
	Gain over SU-MIMO
	Gain over Rel-10 eICIC
	5% User
 (bps/Hz)
	Gain over SU-MIMO
	Gain over Rel-10 eICIC
	Jain Index

	SU-MIMO
	1.5165
	
	
	0.0167
	
	
	0.81

	Rel-10 eICIC (see section 2.2)
	7.1322
	
	
	0.0502
	
	
	0.54

	JT Scenario 3
	7.1634
	372.36%
	0.4%
	0.0409
	144.91%
	%
	0.51

	JT scenario 4 case 1 (see section 2.1)
	2.0444
	34.81%
	71.34%
	0.0256
	53.29%
	49.00%
	0.88

	JT scenario 4 case 2 (see section 2.1)
	2.3196
	52.96%
	67.48%
	0.0334
	100.00%
	33.47%
	0.91


The second set of simulation results, which is completed under P=0.5, is summarized in Table 2.

Table 2. Simulation results with P=0.5.
	Scenario\Performance
	Average (bps/Hz)
	Gain over SU-MIMO
	Gain over Rel-10 eICIC
	5% User
 (bps/Hz)
	Gain over SU-MIMO
	Gain over Rel-10 eICIC
	Jain Index

	SU-MIMO
	1.4242
	
	
	0.0159
	
	
	0.80

	Rel-10 eICIC (see section 2.2)
	7.2260
	
	
	0.0581
	
	
	0.64

	JT Scenario 3
	7.2983
	412.45%
	%
	0.0512
	222.01%
	11.88%
	0.61

	JT scenario 4 case 1 (see section 2.1)
	2.0476
	43.77%
	71.66%
	0.0294
	84.91%
	49.40%
	0.89

	JT scenario 4 case 2 (see section 2.1)
	2.3654
	66.09%
	67.27%
	0.0363
	128.30%
	37.52%
	0.92


Based on the simulation results, some observations are made as below:
1. Scenario 3 performs comparably with Rel-10 eICIC on average throughput, but performs worse on 5% UE throughput. Based on our observation, the performance of scenario 3 highly depends on the multi-point scheduling algorithm, and so it is expected to have better performance if a more advanced scheduling algorithm is utilized. Moreover, without the assistance of range extension, some available subbands of the RRHs are idle in scenario 3, such that MeNB should serve more UEs and hence the available bandwidth for each UE is reduced. This effect results in some spectral efficiency loss in scenario 3. As a result, if range extension is also implemented in scenario 3, its performance would be expectedly improved.
2. Although scenario 4 significantly outperforms single-cell SU-MIMO on average and 5% UE throughput performance, it is also significantly defeated by Rel-10 eICIC and scenario 3 on the two performance metrics. The results help to point out that the cell splitting techniques are critical for scenario 4. If the cell splitting is implemented, it is expected to shorten the performance gap between scenario 4 and scenario 3/Rel-10 eICIC.
3. Case 2 of scenario 4 significantly outperforms case 1 of scenario 4. In case 2, only the RRHs, which contribute signal powers over a predefined threshold, are allowed to join JT (see section 2.1). This way it keeps the signal power of a UE to the best extent, and meanwhile induces much smaller inter-cell interference than in case 1. Based on this result, it is evident that the performance of scenario 4 highly depends on the power allocation among the transmission points.
4. Jain index of scenario 4 is much larger than that of scenario 3 and Rel-0 eICIC. It implies that the homogeneity of the user throughput in scenario 4 is much better than the other two comparative deployment scenarios.  
5. Tables 1 and 2 also show that if the fraction of the RRH UEs over the total number of UEs is increased (i.e., P is increased), the performances of scenario 3, scenario 4, and Rel-10 eICIC are all improved. The rationale behind is that each UE has higher possibility to be close to a RRH, such that the signal power can be enhanced.
6. Although the results are not shown in this contribution, it is also observed that different RRH locations lead to different performances. Generally speaking, if the RRHs are located over 0.7R away from the MeNB in each cell, the system performance degrades because large inter-cell interference in induced.
4 Conclusions
This contribution shows some preliminary simulation results to compare SU-MIMO, scenario 3, scenario 4, and Rel-10 eICIC. Generally speaking, scenario 3 and Rel-10 eICIC perform comparably on average throughput, but Rel-10 eICIC is the better on 5% UE throughput. However, scenario 4 is far behind scenario 3 and Rel-10 eICIC on the two performance metrics, but the homogeneity of the user throughput in scenario 4 is much better than the other two comparative deployment scenarios. Moreover, compared with SU-MIMO, all of the three comparative deployment scenarios provide remarkable throughput improvements. It is also observed that different configurations of the deployment scenarios lead to quite different performances. So, it seems necessary to discuss the configurations of the deployment scenarios in RAN1 for better comparison.
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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
· SU-MIMO with Rel-10 eICIC
· Scenario 3 SU-JT without eICIC

· Scenario 4 SU-JT

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

	Number of UEs per cell
	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. 
3D pattern with 12° electric downtilt

	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
· For scenario 3, 2-bit co-phasing component for each non-anchor cell is also reported
· Feedback periodicity is 5 ms with 6 ms delay

	Channel estimation
	Idea

	UE Receiver
	MMSE-IRC (R1-110586)

	Control OFDM symbols 
	3

	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
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