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1
Introduction
This contribution presents preliminary evaluation results for CoMP Scenarios 3 and 4 which consider heterogeneous network deployments consisting of macro eNBs and remote radio heads (RRHs).  In line with the agreed simulation assumptions we assume that coordination is restricted to a single macro cell (or additionally the three cells of the same eNB) and its associated RRHs and consider a dynamic interference coordination mechanisms based on CBF-CoMP.  We compare the performance with Rel-10 eICIC mechanisms.  Evaluation results show superior performance for Rel-10 eICIC which can be attributed to the semi-static, limited coordination across macro cells.  Based on the results we propose that semi-static coordination across cells (e.g., based on X-2) should be considered as part of the heterogeneous CoMP design with the well-established Rel-10 eICIC mechanisms serving as a natural starting point.  

In companion contributions we present control channel considerations for Scenarios 3 and 4 [1] and evaluation results for homogeneous CoMP [2]. 

2
Interference Coordination in Heterogeneous CoMP Deployments

It has been agreed that CoMP studies in RAN1 will focus on two deployments both of which consist of macro cells and associated RRHs.  The two scenarios, referred to as Scenarios 3 and 4 in the agreed assumptions, rely on the availability of CSI-RS and DM-RS to achieve cell splitting for data transmission and primarily differ in terms of control channel design and legacy UE aspects. 
We address control channel considerations in a separate companion paper [1].  As the transmission of data, if based on CSI-RS and DM-RS, is similar between both setups the results presented herein should be regarded as representative for both Scenarios 3 and 4.  

2.1
Interference Coordination Based on CBF-CoMP Mechanisms
Within a macro/RRH coordination area, CBF-CoMP schemes may perform interference coordination through two mechanisms: 

· Scheduling coordination and dynamic silencing. Macro cells and associated RRHs within a coordination area can leverage the available fiber backhaul to coordinate scheduling decisions such that harsh interference scenarios are avoided (e.g., all scheduling decisions may be performed at the eNB in which case the RRHs effectively serve as a distributed antenna array).  

· Spatial coordination through beam selection.  A similar coordination benefit can be achieved through beam selection leading to spatial coordination.  This may avoid the need for dynamic silencing at some transmission points if sufficiently accurate channel state information (CSI) is available to perform transmit interference nulling. 

In this paper, we consider an algorithm that can leverage both of the above interference coordination mechanisms (even though we will focus on the first aspect for the evaluations presented in this paper).  The considered algorithm is an extension of the CBF-CoMP technique considered previously in our contribution [3] as well as by other companies in [6] and [7].  The algorithm relies on an iterative refinement of scheduling decisions throughout the coordination area. 
The scheduling procedure can be described mathematically in the following steps: 

Step 1: Non-cooperative baseline scheduling and beam selection.  For every transmission point a tentative non-cooperative scheduling decision is made based on current fairness metrics as well as instantaneous channel conditions.  For the case of proportional fairness this leads to the following optimization problem per transmission point,
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 if scheduled.  The non-cooperative scheduling decision does not take into account the interference created to neighboring transmission points.  Conversely, the interference from neighboring transmission points is modeled on a long-term average basis and does not make any scheduling hypotheses for neighboring cells. We emphasize that dynamic silencing on specific resources is considered as a specific form of the beam selection process and therefore part of the above optimization.  
Step 2: Iterative scheduling and beam refinement.  The scheduling decisions and beam selections for each transmission point are revisited in multiple iterations and refined in a cooperative fashion such as to optimize an aggregate neighborhood utility metric.  Specifically, for each transmission point not only the utility impact on its own UEs is considered but also the impact on victim UEs served by other transmission points. For every transmission point 
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and every iteration
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is defined as a set of UEs associated with other cells that have been tentatively selected for scheduling at the previous 
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-th iteration and such that long-term channel strength (including the total path loss and shadow fading) from the transmission point 
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to any such UE is within a certain range from the long-term channel strength of its serving cell. This range will be called cooperation threshold. With this notion in mind, every cell updates the UE choice and the underlying beam according to the following rule:  
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 is the UE and beam chosen by the transmission point 
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which depends on the channel to that UE as well as the channels to the victim UEs 
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and their respective transmit and receive beams. As part of the optimization several beam selection methods can be considered, for example eigen-beamforming or signal-to-leakage ratio optimization.  The final scheduling decisions 
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We emphasize that the above coordination process is only carried out within a Macro/RRH coordination area.  Across coordination areas only long-term channel information is assumed. 
2.2
Comparison with Rel-10 eICIC Mechanisms
In this section we compare the CBF-CoMP coordination technique discussed above with the Rel-10 eICIC interference coordination mechanisms.  In Figure 2.1 we show a high-level comparison between both coordination techniques.  For Rel-10 eICIC, interference coordination is achieved in a TDM fashion by relying on almost blank subframes (ABS) during which the macro does not transmit PDSCH.  This enables pico/RRHs to schedule UEs in range expansion without having them severely interfered with by macro cells on such subframes.  Other subframes may be used for simultaneous transmission by both macro cells and pico/RRHs in which the latter may, e.g., target UEs close the pico/RRH cells which are not severely impacted by macro interference.  Even though the TDM pattern may be derived locally for each macro cell, implicit coordination across macros can be achieved by having a convention on the sequence with which subframes are designated as ABS depending on load conditions.  This can ensure that across macros clean subframes for pico/RRHs are available.  Consequently interference at the edges of macro coverage areas is alleviated.
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Figure 2.1: Comparison of Macro/RRH CoMP and Rel-10 eICIC.
The case of dynamic silencing based on the CBF-CoMP scheme described in Sec 2.1 is shown on the right hand side of Figure 2.1.  Note that for this case coordination is limited to the Macro1 and its RRHs but does not include the neighboring Macro2.  As the figure is drawn from the perspective of Macro1 and RRH1, the neighboring Macro2 may or may not transmit in any of the transmission opportunities in time and frequency.  For Macro1 and RRH1, however, scheduling decisions are fully coordinated. 
As a result of Macro1 and RRH1 coordination, the Macro1 need not necessary silence an entire subframe to allow the scheduling of RRH-associated UEs in the extended coverage area.  Instead, it may choose to only silence on a certain set of time/frequency resources.  For simplicity of pictorial representation only three subbands are shown in Figure 2.1 even though more flexibly is available in practice and more subbands are considered in the performance evaluations. It should be noted that both Macro1 and RRH1 may be transmitting on the same resources depending on the location and channel conditions of scheduled UEs, therefore the transmissions of Macro1 and RRH1 shown for the macro/RRH CoMP case in Figure 2.1 are not complementary. 
3
System-Level Performance Evaluation

In this section we compare the performance of Rel-10 eICIC with the CBF-CoMP method outlined in Section 2.1.  Our preliminary results focus on investigating potential gains stemming from dynamic scheduling coordination and at this point do not consider additional spatial coordination through beam selection.  As such only greedy rank-1 eigen-beamforming based SU-MIMO transmission or dynamic silencing is evaluated as part of the scheduling beam selection process.  
The evaluation assumptions are aligned as much as possible with the agreed assumptions.  Remaining differences are listed in Table A.1 in the appendix. For the Macro/RRH scheme, two types of coordination are considered, namely intra-cell and intra-site coordination. For the former, coordination is limited to a macro cell and the RRHs in its coverage whereas for the latter scheme coordination takes place between all three cells of the same eNB and the RRHs in their coverage.  This is in line with the definitions in the agreed simulation assumptions [4]. 

The simulation results are shown in Tables 3.1 and 3.2 for dropping configurations 1 and 4b, respectively [4],[8]. Note that the results in the tables do not account for system overhead.  The following observations can be made: 
· Macro/RRH CoMP has significantly worse tail performance with losses up to 70%.  This results from the lack of coordination between different macro/RRH coordination areas and is slightly alleviated for intra-site macro/RRH coordination.  Rel-10 eICIC in contrast can leverage the limited, at most semi-static resource partitioning within and among coordination areas. 

· A way for alleviating the poor tail performance is to provide some (semi-)static coordination across Macro/RRH coordination areas, e.g., by using the Rel-10 eICIC framework, possibly leveraging the established X-2 protocol between macro cells.  Dynamic silencing could then be considered in addition on a separate set of resources. 
Table 3.1: Performance evaluation for Configuration 1.
	Scheme
	Coordination area
	5% UE spectral efficiency [bps/Hz]
	Median UE spectral efficiency [bps/Hz]
	Average cell spectral efficiency [bps/Hz]

	Rel-10 eICIC
	Local resource partitioning
	0.058
	0.158
	6.93

	Macro/RRH CoMP
	Intra-cell
	0.031
	-46%
	0.149
	-6%
	6.38
	-8%

	
	Intra-site
	0.039
	-32%
	0.157
	-1%
	6.65
	-4%


Table 3.2: Performance evaluation for Configuration 4b.
	Scheme
	Coordination area
	5% UE spectral efficiency [bps/Hz]
	Median UE spectral efficiency [bps/Hz]
	Average cell spectral efficiency [bps/Hz]

	Rel-10 eICIC
	Local resource partitioning
	0.080
	0.193
	6.75

	Macro/RRH CoMP
	Intra-cell
	0.027
	-67%
	0.174
	-10%
	6.27
	-7%

	
	Intra-site
	0.039
	-51%
	0.187
	-3%
	6.57
	-2%


4
Conclusion
In conclusion, this contribution has considered an extension of CBF-CoMP to Macro/RRH setups which performs dynamic silencing to alleviate harsh interference conditions of UEs in extended coverage of RRH transmission points.  The performance of this scheme was compared with Rel-10 eICIC and the following observations are drawn: 

· The lack of coordination across macro/RRH coordination areas severely impacts tail performance and shows losses up to 70% for intra-cell macro/RRH coordination in Configuration 4b. 
· Rel-10 eICIC avoids this problem by allowing for semi-static coordination using the X-2 interface across cells.  If such coordination is not available, OAM configuration on the sequence of which subframes are designated as ABS (depending on load conditions) is sufficient to alleviate interference coordination across macro cells. 

· Based on the results, Rel-10 eICIC concepts and CSI reporting procedures seem to be a natural starting point even in the case of macro/RRH setup with fiber-based coordination.  In light of this observation the case of having X2-based communications across macro/RRH coordination areas should be considered going forward as it is a logical way of alleviating interference across coordination areas. 
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Appendix
The simulation assumptions are mostly aligned with [4] unless noted in the tables below.  Additional parameters are also specified below.  
Table A.1: Simulation assumptions for the evaluations in Sec. 3. 
	Parameter
	Value
	Parameter
	Value

	Deployment
	3GPP Case 1
	UEs/cell
	25 for Configuration 1; 
30 for Configuration 4b

	Number of antennas
	2Tx, 2Rx
	CSI feedback
	Rel-10 2Tx codebook

	Transmission scheme
	SU-MIMO, rank-1
	Link adaptation
	non-ideal

	Antenna downtilt
	10 degrees
	Bandwidth
	10MHz

	Fast fading
	TU, spatially i.i.d., 3km/h
	Overhead
	not accounted for

	Coordination area
	Intra-cell and intra-site for Macro/RRH CoMP; 
Intra-cell for Rel-10 eICIC
	Receiver
	MMSE-IRC

	Association bias
	-18dB
	Scheduling/feedback subband size
	6RBs
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