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1
Introduction
As part of ongoing CoMP standardization, it is important to determine the maximum size of the CoMP measurement set.  This selection may impact the potential for CoMP performance gains as it limits the amount of channel state information (CSI) feedback.  However, at the same time, UE complexity, which increases drastically with the CoMP measurement set size, needs to be considered as well. In our view, it is therefore important to find a tradeoff that enables robust CoMP operation yet retains reasonable UE complexity.  
This contribution aims to strike a balance between the aforementioned factors based on detailed statistical analyses.  It is concluded that a set size of two is sufficient in the vast majority of deployment scenarios. 

2
Determining the CoMP measurement set size

During the CoMP study item the CoMP measurement set was defined as“[…] points about which channel state/statistical information related to their link to the UE is measured and/or reported.”  As such, the CoMP measurement set has the important function of determining for which points CSI is to be provided by the UE.  Naturally, a larger CoMP measurement set leads to increased knowledge of CSI at the network and may thus improve CoMP performance.  However, the size of the CoMP measurement set significantly impacts UE complexity as it increases the amount of CSI measurement and reporting that has to be performed by the UE. 
The impact of limiting the CoMP measurement set size depends on the considered CoMP scheme.  Therefore, instead of assuming a specific scheme, we focus on providing statistics on the measurement set size as a function of a CoMP threshold.  According to this methodology, the CoMP set is selected on a per-UE basis to include all points that fall within a threshold of the received power of the UE’s strongest point.  This serves as a good indication of the number of points that may be relevant to CoMP; in fact, such analysis have been considered since early CoMP studies, going back to the Rel-10 timeframe.  

The value of the CoMP threshold naturally impacts the composition and size of the CoMP measurement set.  In particular, the threshold should depend on what type of transmission point is considered (e.g., macro cell vs. RRH).  This dependency reflects that in heterogeneous networks, it is generally desirable to apply a large bias towards low power nodes (i.e., pico cells or RRHs) in order to be able to offload a larger fraction of the UE population to these transmission points.  Clearly, the rationale behind this is to achieve a larger degree of cell splitting gain.  In contrast, a smaller threshold should be applicable to macro cells or transmission points as these points typically share similar load characteristics. In line with the above discussion, this contribution considers a CoMP threshold of 9dB towards RRHs and a threshold of 6dB towards macro cells. 

Further, it is important to realize that the size of the measurement set does not put a strict limitation on the number of cells that may participate in the coordination process for a certain UE.  In fact, in heterogeneous scenarios, muting of macro cells has been demonstrated to be beneficial for system performance, similar to almost blank subframes (ABS) in the eICIC context.  At the same time, muting does not necessarily require CSI feedback to the cell that performs the muting, especially given that new forms of interference measurement are to be specified as part of Rel-11.  
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(a) CoMP set size without pruning residual interference
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(b) CoMP set size with pruning residual interference


Figure 1: Statistics of the CoMP set size for uniform UE dropping (Config. 1). N represents the size of the CoMP measurement set. 
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(a) CoMP set size without pruning residual interference
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(b) CoMP set size with pruning residual interference


Figure 2: Statistics of the CoMP set size for clustered UE dropping (Config. 4b). N represents the size of the CoMP measurement set.

Statistics have been collected according to the above methodology based on the agreed ITU-based channel models [1] and both uniform UE dropping (Config. 1) and clustered UE dropping (Config. 4b) have been considered.  The CoMP measurement set size was determined on a per UE basis in the following way: 
1. Apply CoMP threshold.  Determine the strongest point in terms of received power (hereafter referred to as anchor point) and apply a CoMP threshold of 6dB towards macro cells and 9dB towards RRHs.  This determines a set of macro/RRH points with which coordination may be targeted. 

2. Determine points of the same CoMP cluster. For each point in the set determined above, retain only those points that belong to the same CoMP cluster as the UE’s anchor point.  The removal of points outside the CoMP cluster is motivated by the fact that points outside the UE’s CoMP cluster cannot participate in the CoMP operation for this specific UE.  Both intra-cell and intra-site scenarios are considered in line with the agreed assumptions [1]. 
3. Pruning based on residual interference (optional).  Optionally, we also consider pruning the set further based on residual interference.  In particular, all points that do not fall into the CoMP measurement set as determined in Step 2, will not participate in CoMP operation.  Therefore, they contribute to a residual interference level.  Clearly, it does not make sense to perform coordination with points whose received power actually falls below this residual interference level.  In Step 3 we therefore remove points whose received power falls below this residual interference level. 

It should be noted that Steps 2 and 3 have noticeable impact on the statistics of the CoMP measurement set.  Further since both steps are in line with the agreed evaluation assumptions, results that are solely based on Step 1 should not be considered as a basis for concluding on the CoMP measurement set size. 
The results of the statistical analysis are shown in Figures 1 and 2 for uniform and clustered UE drop, respectively.  In both scenarios, we observe that a CoMP measurement set size of one or two is sufficient of the vast majority of UEs.  In fact, in both scenarios, less than 5% of UEs experience channel conditions in which more than 2 points fall into the CoMP measurement set.  Further, even for this small fraction of UEs, it is not clear whether an increased size of the measurement set would lead to any performance gain for these specific UEs; certainly at the system-level no performance gain can be expected.  It therefore seems to be a matter of common sense to limit the CoMP measurement set size to at most two points. 
Proposal: 

· The vast majority of UEs (more than 95%) have no more than two points in their measurement set.  

· Based on this observation, the CoMP measurement set should be limited to at most two points. 

Limiting the CoMP measurement set to two is clearly also beneficial from a UE complexity point of view.  In fact, the maximum size of two is in line with initial carrier aggregation deployments that focus on two component carriers.  This may enable synergies from a UE design and complexity point-of-view. 

Finally, even though this contribution has focused on heterogeneous networks, a CoMP measurement set size of two seems sufficient for homogeneous deployments as well.  This is in line with the fact that in homogeneous system, CoMP primarily targets coordination of two adjacent sectors for the benefit of UEs that are located at the sector boundary.  
3
Conclusions

In this contribution, we have provided detailed statistics on the CoMP measurement size as a function of a CoMP threshold.  Based on the results we have drawn the following conclusions: 

· The vast majority of UEs (more than 95%) have no more than two points in their measurement set.  

· Based on this observation, the CoMP measurement set should be limited to at most two points. 
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Appendix

In this appendix, we provide results to show alignment with contributions submitted by other companies.  In particular, to compare with [2] we show results for the measurement set composition after Step 1, i.e., before pruning the set in line with the CoMP cluster definition and based on residual interference (for calibration a common threshold of 9dB was assumed).  For ease of comparison, we show again the results for intra-cell and intra-site cases from Figures 1 and 2. 
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(a) Config. 1
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(b) Config. 4b


Figure 3: Statistics with and without CoMP cluster constraints.  The case without constraints is provided for calibration with the results in [2]. 
The results after Step 1 show good calibration with the results submitted in [2].  However, in our view, these results should not be used as a basis for drawing conclusions on the maximum CoMP set size.  On the contrary, our results indicate that Steps 2 and 3 have a significant impact on the set size.  They are also motivated and supported by the agreed scope of the CoMP work item. 
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