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1 Introduction
In 3GPP RAN #50 meeting, a revised CoMP study item was agreed for Release 11 [1]. Accordingly, in 3GPP RAN1 #63bis, work on the CoMP study item was initiated and the following four CoMP scenarios were agreed [2]:
· Scenario 1: Homogeneous network with intra-site CoMP.
· Scenario 2: Homogeneous network with high power remote radio heads (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.
In 3GPP RAN1 #64, the evaluation methodology for both DL and UL CoMP was agreed [3-4] upon and details of evaluation parameters for scenario 3 and 4 were agreed in 3GPP RAN1 #65 [5]. The necessary evaluations were divided into two phases with the first phase being dedicated for scenarios 1 and 2 while the second phase is dedicated to scenarios 3 and 4. This contribution summarizes some of the observations made on the performance of CoMP and eICIC for heterogeneous networks during the evaluation process.
2 Release 10 eICIC and Release 11 CoMP
Both Release 10 eICIC and CoMP scenarios 3, 4 target the system performance enhancement for heterogeneous networks. Although eICIC and CoMP have a common goal, the method used to achieve this goal is different. 
Release 10 eICIC uses ABS subframes (ABSFs) with cell range expansion which results in large portion of the UEs in the system to be associated with pico cells. The UEs associated with pico cells can take advantage of ABSFs which are characterized by higher SINR compared to non-ABS subframes due to the nonexistent interference from macro RRHs in the system. The UEs connected to the pico cells may have low SINR at non-ABS subframes due to cell range expansion but are compensated for inn ABSF. The extent of SINR enhancement due to ABSF and range expansion depends on among other things the number of macro cells participating in the synchronized ABSF.
On the other hand, CoMP scenarios 3 and 4 rely on the coordination of multiple RRHs within a single macro area or three macro areas in which the high power RRHs are collocated. The coordination can occur in multiple ways. In coordinated beamforming, multiple RRHs would try to perform scheduling and precoder selection such that precoding on the transmission of one RRH is directed towards the null space of a UE receiving transmission from another RRH to avoid interference. Another example of coordination in CoMP could be dynamic blanking [6] where a high power RRH can be turned off as a result of a centralized scheduling decision on a specific subframe to allow better SINR condition for the UEs receiving transmission from low power RRHs. Such blanking operation is determined individually for each high power RRH and therefore the lacks the synchronized nature of ABSF in eICIC. As a result, SINR can be improved but the degree of improvement is expected to be not as high as that of synchronized ABSF in eICIC. 
Note that as mentioned in [6], the benefits of synchronized blanking and dynamic blanking are not mutually exclusive but rather complementary to each other since synchronized blanking has merits in better SINR but lacks flexibility while dynamic blanking has merits in better flexibility but the SINR improvement is not as great as synchronized blanking.
One of the key characteristics of ABSF in eICIC is that multiple macro cells can participate in blanking a particular subframe in a synchronized manner. Such synchronized blanking has much performance benefit which is captured in the CoMP phase 2 evaluation results such as those in [7]. Note that the performance benefits observed in the evaluation were based on the assumption that all macro cells in the system will apply synchronous blanking. If this was not the case, the degree of improvement in SINR possible through ABSF would be determined essentially by the number of participating macro cells. Figure 1 and Figure 2 show the CDF plot for the geometry of UEs associated with pico cells when the range expansion values are set to 18dB and 6dB, respectively. Note that multiple plots are provided assuming different number of macro cells participating in the simultaneous blanking of ABSFs. The UEs for which the distribution was obtained are those UEs associated with the pico cells located within the area of the macro cells participating in the synchronized blanking of ABSFs.
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Figure 1. Geometry of UEs associated with pico cells for different number of macro cells participating in synchronized ABSF with range expansion of 18dB (Uniform UE distribution).
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Figure 2. Geometry of UEs associated with pico cells for different number of macro cells participating in synchronized ABSF with range expansion of 6dB (Uniform UE distribution).

From the results of Figure 1 and Figure 2, it can be observed that ABSF and range expansion can provide significant enhancement in SINR of pico UEs especially at the cell edge. However, the extent of the enhancement depends on the range expansion value and the number of macro cells participating in the synchronous ABSF. For example, compared to the results of Figure 1, results in Figure 2 show smaller SINR enhancement from synchronized ABSF. This phenomenon is due to the fact that as the range expansion value gets larger, more low geometry macro UEs change their association from macro cells to pico cells. Such UEs are typically located in regions where there is high level of interference coming from the neighbouring macro cells.
One commonality that can be observed from the results in Figure 1 and Figure 2 is that a large number of macro cells need to participate in the synchronized blanking of ABSF to achieve a large SINR benefit. For example, at the CDF 10% mark for the range expansion of 18dB, even with 12 macro cells participating in the synchronized ABSF, there exists a 3dB gap from the case where all macro cells in the system apply synchronized blanking. It can be deduced from this observation that in order to harness the benefits of ABSF to the fullest, the number of macro cells in the system participating in synchronized ABSF must be large as well.
Observations:
1. Sychronized blanking of all macro cells can enhance pico UE’s geometry

A. 25dB improvement in geometry at 10% mark for range expansion of 18dB
B. 10dB improvement in geometry at 10% mark for range expansion of 6dB
2. Large number of macro cells need to participate in synchronized blanking to achieve large benefits
Another aspect of eICIC observed during the evaluation of CoMP phase 2 was that the system performance was quite sensitive to the number of synchronized ABSFs. Table 1 shows an example of such occurrences where full buffer system level simulation results for both uniform and clustered UE distributions are captured for different number of synchronized ABSFs.
Table 1. Performance of eICIC for different configurations of ABSF partitioning.
	eICIC Configurations
	Macro Area Avg Throughput
	5% Worst User Throughput
	Performance Change from Case1 to Case2

	Uniform UE Distribution
	Case1: 30% ABSF 
	9.597 bps/Hz
	0.0706 bps/Hz
	Average: +4.8%

Edge: -30.5%

	
	Case2: 60% ABSF 
	10.054 bps/Hz
	0.0490 bps/Hz
	

	Clustered UE Distribution
	Case1: 30% ABSF 
	13.024 bps/Hz
	0.0790 bps/Hz
	Average: +3.5%

Edge: -41.1%

	
	Case2: 60% ABSF 
	13.485 bps/Hz
	0.0465 bps/Hz
	


In Table 1, the results for Case1 were obtained for the ABSF partitioning that produced the best performance which in this case was 30%. On the other hand, the results for Case2 were obtained for an ABSF partitioning that is 60%. It can be observed that there is a significant performance loss due to the suboptimal ABSF partitioning. Specifically, following observations can be made on the results of Table 1.
Observation: System performance is sensitive to the configuration of ABSF partitioning
A. Edge performance decreased by 31% for uniform UE distribution

B. Edge performance decreased by 41% for clustered UE distribution

Typically, a multi-cell heterogeneous system consisting of multiple macro cells and pico cells does not have symmetry in cell dimension or identical statistical properties. One macro cell area may be larger due to geographic or demographic conditions while another macro cell area may have more pico cells due to larger concentrated demand of data in specific locations. In short, the chance of one macro cell area having the exact conditions as the one next to it is improbable. In addition, there is no guarantee that the dynamic nature of traffic demand in heterogeneous networks are such the same proportion of wireless resource sharing between the macro layer and pico layer would be universally beneficially.
Due to such differences, one can expect that each macro cell area (1 macro cell and multiple pico cells) will have its own optimal version of ABSF partitioning. Therefore, it would be beneficial if ABSF partitioning can be optimized to the needs of each macro cell area. If the ABSF partitioning for each macro cell area is not optimized individually, a performance loss similar to those exemplified in Table 1 can be expected. Note, however, optimizing the ABSF partitioning of each macro cell area individually is contradictory to the observation made earlier where it was observed that in order to maximize the benefits of ABSF, synchronized participation from a large number of macro cells is needed. Based on the above, our assessment of eICIC is that it can be a useful tool to enhance the performance of heterogeneous networks but lacks the flexibility to optimize for each cell. Compared to eICIC, CoMP has more flexibility in coping with different heterogeneous conditions due to its inherent ability to manage wireless resources between the macro and pico layer (ex. dynamic blanking of high power RRH) and additionally within the same layer (ex. joint transmission between low power RRHs) in a centralized and dynamic manner.
Observations: In real life heterogeneous networks, it is unlikely that each macro area will have identical conditions such as number of pico cells, macro cell size, ratio of data demand in the macro layer and pico layer, etc. As a result, applying a common ABSF partitioning might lead to performance loss. On the other hand, applying a tailored ABSF partitioning for each macro cell area can reduce the SINR benefits of synchronized ABSF.

3 CoMP Scenario 3 and Scenario 4

CoMP scenario 3 and scenario 4 have similarities in that both can utilize CoMP schemes such as CS/SB, DPS, JT in a similar manner to achieve cooperative transmission between multiple RRHs. One key difference is that scenario 3 has an individual cell ID for each RRH whereas in scenario 4, a common cell ID is shared among multiple RRHs. As a result, each RRH in scenario 3 has to transmit its own CRS, synchronization signals, PBCH, etc. In order to protect key signals of the pico cell it is expected that a subframe offset will utilized between the macro cell and pico cell as described in [8]. Additionally, cells in the heterogeneous networks can be allocated different frequency offsets (v_shift) for their CRS transmission. As a result, scenario 3 has the following factors that may impact its performance compared to scenario 4:
· Residual interference from macro cell CRS to UEs receiving transmission from pico cells even if dynamic blanking is utilized on macro cell’s transmission on normal subframes
· Additional overhead when joint transmission is utilized between two cells with different v_shift values
Table 2 shows the evaluation results comparing scenario 3 and scenario 4 for both uniform and distributed UE distributions. The CoMP scheme utilized in the evaluation was dynamic selection and dynamic blanking (DS/DB) [6]. As a result only the adverse effect of residual interference from macro cell CRS is reflected in the results of scenario 3.
Table 2. Performance Comparison of Scenario 3 and 4.
	
	Scenario 3
	Scenario 4

	
	Macro Area Avg Throughput
	5% Worst User Throughput
	Macro Area Avg Throughput
	5% Worst User Throughput
	Gain

	Uniform UE Distribution
	13.244
	0.086
	13.251
	0.091
	Edge: 6%↑

	Clustered UE Distribution
	9.865
	0.079
	9.901
	0.083
	Edge: 5%↑


From Table 2, it can be observed that higher performance can be achieved for scenario 4.
4 Conclusions
This contribution summarizes the comparison of Release 10 eICIC and CoMP in terms of their performance. Following observation was made:

· In real life heterogeneous networks, it is unlikely that each macro area will have identical conditions such as number of pico cells, macro cell size, ratio of data demand in the macro layer and pico layer, etc. As a result, applying a common ABSF partitioning might lead to performance loss. On the other hand, applying a tailored ABSF partitioning for each macro cell area can reduce the SINR benefits of synchronized ABSF.
In addition, the performance of CoMP scenario 3 and scenario 4 was compared. It was observed that scenario 4 outperforms scenario 3 by 6%~7% in edge performance for full buffer evaluation.
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