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1
Introduction
This contribution provides updated evaluation results on the performance of coordinated multi-point (CoMP) transmission techniques in homogeneous networks.  The evaluations are aligned with the agreed simulation assumptions and are focused on contributing to the pre-RAN1#65 email discussion on CoMP performance in homogeneous networks.  On the basis of the results we provide our views on CoMP performance benefits in such deployments. 

2
CoMP Performance in Homogeneous Networks 
In this contribution, we provide results for coordinated beamforming (CBF) and joint transmission (JT) based CoMP schemes.  As the aim of this contribution is to provide a brief update on performance results for further discussion, we only summarize the operation of the schemes briefly and refer to previous contributions for further details. 
2.1
Coordinated Beamforming

We consider a CBF scheme which aims at maximizing a local utility metric at each scheduling instance while capturing the impact of a cell’s scheduling decisions and beam selection on neighboring victim UEs.  In short, every cell in the coordination area initially comes up with a tentative, non-cooperative scheduling decision that is based on instantaneous channel conditions and fairness considerations.  Tentative scheduling decision are exchanged among cells in the coordination area and are refined in an iterative fashion.  To achieve cooperation and fairness across cells, an aggregate utility metric is considered which not only takes into account a cell’s own utility but also factors in the impact that a cell’s scheduling decision and beam selection may have on adjacent victim UEs. Several rounds of iterations are carried out in order to arrive at final scheduling and beam selections. Further details regarding the algorithm have been described in [1] and [2].  The scheme has similarities with proposals by other companies, e.g. [3], [4]. 

In Table 2.1 we present updated system evaluation results for the above scheme carried out in alignment with the agreed simulation assumptions [5].  Further simulation assumptions are listed in the appendix in Table A.1.  The simulations were carried out for the 9-cell coordination area agreed in [5] but also for the intra-site coordination case in which the coordination area is limited to the three cells of the same macro site. 
Similar to most CoMP techniques, the performance of the above scheme is sensitive with respect to assumptions on channel state information (CSI) feedback.  As we are primarily aiming at getting an impression of what may be achievable with optimistic feedback reporting, we carried out the evaluations under the assumptions of perfect CSI feedback.  We fully realize that this is an idealized case and stress that the results should therefore be regarded as an upper bound on achievable CoMP gains. 

The results in Table 2.1 show modest performance gains for both average cell spectral efficiency and cell-edge performance.  For the 9-cell coordination area the average gain in spectral efficiency amounts to 6.6% and the gain at cell edge is 13%.  For the case of intra-site coordination gains are somewhat smaller and amount to 4.6% and 4.9%, respectively. 

The results indicate that CBF-CoMP gains in homogeneous systems are quite limited.  As such, it seems doubtful that standardization efforts should be specifically dedicated to such homogeneous scenarios.  We would also like to point out that some of the gains shown in Table 2.1 may be achieved with techniques that do not require inter-cell coordination, such as improved link adaptation based on resource quality indication (RQI) reference signals as described in [1].  
Table 2.1: Performance results for CBF-CoMP. 
	Degree of
Coordination
	5% UE spectral efficiency [bps/Hz]
	Average cell spectral efficiency [bps/Hz]

	Single cell SU/MU-MIMO
	0.163
	3.937

	3-cell, intra-site
	0.171
	+4.9%
	4.117
	+4.6%

	9-cell (as in [5] )
	0.184
	+12.9%
	4.196
	+6.6%


2.2
Joint Transmission

We consider a JT-CoMP scheme that performs multi-point equalization among coordinating cells.  In short, each cell selects which UEs to schedule per resource unit based on reported CSI measurements.  The scheduling step is performed in a distributed fashion without the need for iterative procedures that would require one or multiple rounds of inter-cell message exchanges.  The CSI associated with scheduled UEs is forwarded to other cells in the coordination area. 
In a second step, cells compute multi-cell beams for each of their scheduled UEs by taking into account the CSI of scheduled UEs throughout the coordination area.  This multi-cell beam, effectively serving as a multi-cell equalizer, assumes transmission by a suitably selected subset of cells in the coordination area and takes into account interference caused to victim UEs scheduled by other cells.  A signal-to-leakage ratio criterion is used to strike a balance between energy combining and transmit interference nulling.
Finally, in a third step, cells receive transmission request from other cells in the coordination area including the aforementioned beam weights.  Upon potential pruning of the received requests (e.g., if the number of requests is too large) power capping is enforced to ensure that transmit power constraints are met.  Further details on the algorithm can be found in [6], [7].  
Table 2.2: Performance results for JT-CoMP. 
	Degree of
Coordination
	5% UE spectral efficiency [bps/Hz]
	Average cell spectral efficiency [bps/Hz]

	no CoMP
	0.299
	4.420

	9 cells
	0.306
	+2%
	4.773
	+8%

	21 cells,
cell-specific
	0.537
	+80%
	5.532
	+25%


Simulation results for the agreed 9-cell coordination area [5] are shown in Table 2.2 (simulation assumptions are provided in Appendix A.2).  The performance is compared to the case of single cell SU/MU-MIMO as well as the case of a 21-cell coordination area.  In the latter case the 21-cell coordination area is cell-specific, i.e., each cell is allowed to coordinate with its first tier of surrounding sites.  We would like to emphasize that we are including performance numbers for this 21-cell scenario primarily to illustrate the impact that cluster boundaries may have on CoMP performance and to illustrate the observed performance difference with respect to previous results [6]. Also, it should be noted that the baseline performance numbers without CoMP differ somewhat from the results in Sec. 2.1 partly because for the results in this section link adaptation is idealized as a simple mapping from SINR to 64QAM constrained capacity (with a 3dB backoff to capture impairments) whereas Sec. 2.1 models link adaptation in detail.  Further, there are some differences in simulation parameters as shown in the appendix. 
The performance gains for the 9-cell coordination area are marginal compared to the single-cell baseline, especially when considering that perfect CSI feedback has been assumed in the above evaluations.  The relatively big gap compared to the case of 21-cell coordination is partly due to the fact that the 21-cell coordination area is cell-specific, whereas the cooperation area for the 9-cell case is fixed as agreed in [5].  Further, the increased size of the coordination area enables to mitigate interference across an entire tier of interfering cells. 
3
Conclusions

In conclusion, this contribution has provided some updated evaluation results on the benefits of CBF- and JT-CoMP in homogeneous systems.  The observed performance gains are relatively modest and are below 10% average gain in cell spectral efficiency, even under idealistic CSI feedback assumptions.  Consequently, on the basis of these evaluation results, it does not seem justified to devote any specific standardization efforts to homogeneous scenarios alone.  Instead, it is our view that CoMP in heterogeneous networks should receive more attention as performance trends and tradeoffs in such deployments may differ.  
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A
Appendix
The simulation assumptions are mostly aligned with [5] unless noted in the tables below.  Additional parameters are also specified below.  
Table A.1: Simulation assumptions for the evaluations in Sec. 2.1. 
	Parameter
	Value
	Parameter
	Value

	Deployment
	3GPP Case 1
	UEs/cell
	10

	Number of antennas
	4Tx, 2Rx
	CSI feedback
	ideal feedback of dominant eigen-directions

	Antenna configuration
	ULA
	Link adaptation
	non-ideal

	Antenna downtilt
	10 degrees
	Bandwidth
	10MHz

	Fast fading
	SCM-E High spread
	Overhead
	not accounted for

	Coordination area
	as defined in [5]; 
57 cell setup in total
	Receiver
	MMSE-IRC


Table A.2: Simulation assumptions for the evaluations in Sec. 2.2 (see [6] on details for some parameters)
	Parameter
	Value
	Parameter
	Value

	Deployment
	3GPP Case 1
	Channel estimation
	non-ideal

	Number of Tx antennas
	4
	CSI reporting period
	20ms

	Number of Rx antennas
	2
	UE speed 
	1km/h

	Number of tiers
	2 tiers
	MST
	-20dB

	Fast fading
	Ped-B, spatial i.i.d.
	Maximum TSS
	20 cells

	UEs/cell
	5
	Maximum RRSS
	8 cells

	UE noise figure
	9dB
	Maximum BRSS
	9 or 21 cells

	Vertical antenna pattern
	omni
	Feedback quantization
	ideal feedback of dominant eigen-directions

	Link adaptation
	idealized
	Receiver
	MMSE-IRC
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