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1
Introduction
At RAN4#43 system level simulations were submitted to evaluate the feasibility of CSI-RS based received power measurements [1-7]. Although extensive results were provided, there was a large variance among the results. In this contribution, we propose to further align simulations assumptions and performance metrics for this feasibility study. 
2
Performance metric
In order to make a clear conclusion on the feasibility of CSI-RS based RSRP measurements, the group should agree on the performance metrics. In [1], two alternative system-level metrics were proposed to determine the feasibility of CSI-RS based received power measurement:

•
Tail SINR.  This metric captures the distribution of SINR encountered on CSI-RS measurement resources in the agreed CoMP deployments.  More specifically, one could report the 10% SINR for the 2nd and 3rd strongest cells. 
•
Fraction of undetected CoMP TPs.  This metric specifically evaluates the measurement’s feasibility for determining the CoMP measurement set.  An error metric is considered that captures the fraction of CoMP UEs for which unreliable CSI-RS received power measurement leads to an erroneously determined CoMP measurement set. 
Proposal 1: Agree to use either tail SINR or fraction of undetected CoMP TP as performance metrics for RAN4 system level feasibility study.

3
Alignment of assumptions
The variation of simulation results in [1-7] could be attributed to a few key factors. In this section, we discuss the muting algorithms and CoMP thresholding issues.
Muting of CSI-RS resources by neighboring cells has been possible since Rel-10 and indeed such muting can help improve SINR conditions on CSI-RS tones.  When it comes to the muting evaluations, however, it is important to maintain a realistic modeling of what can be achieved.  In particular it is crucial in our view to model an actually achievable configuration of zero-power CSI-RS resources, i.e., an actual configuration of muted resources at each transmission point.  Other modeling approaches such as genie-aided removal of the strongest interferers on a per UE basis can clearly not be achieved in practice.
Different muting algorithms could be used:

Model 1: TP based muting within a cluster:  Each point is assigned a single CSI-RS resource for measurement and configures all remaining K-1 CSI-RS resource as zero-power.  Muting is done for all transmission points within a macro cell. 
Model 2: TP based muting of neighboring clusters:  Each point is assigned a single CSI-RS resource for measurement and configures additional CSI-RS resource as zero-power. Muting is done for all transmission points within each CoMP cluster corresponding to a macro site. In this contribution we assumed this muting model with 3 macro cells plus 12 RRHs.
Model 3: Genie-aided muting of strongest interferers on a per UE basis of up to K interferers. 
Proposal 2: Agree to use Model 2 for muting evaluation given practical implementation constraints and overhead consideration..
In [8], it was agreed that CoMP threshold is defined on a per-UE basis, i.e., the SINR conditions of only those points are included which ultimately become part of the CoMP measurement set.  This modeling follows the assumptions of [3] but is quite optimistic from a practical standpoint.  Ultimately, it is the network and not the UE which applies the CoMP threshold.  The assumption that the UE already does an a priori down-selection of reported transmission points therefore leads to a chicken-and-egg problem.  
In [8], thresholds of [6, 9 and 12 dB] are considered. However, if only transmission points within limited range of the strongest TP are considered, the fraction of UEs that could enjoy CoMP benefit is limited. In [1], it is observed that the CoMP set size is substantially limited even for 12 dB threshold.

	RSRP Thres. [dB]
	Config. 1
	Config. 4b

	9
	42.1%
	38.6%

	12
	55.5%
	50.9%

	20
	83.3%
	77.8%


 Proposal 3: Revisit the CoMP thresholds for system level simulations considering the  impact on CoMP gain.
4
Simulation results
Figure 1 shows CDFs of the SINR conditions of the first, second, and third strongest point in terms of received power.  
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Figure 1: SINR distribution for the strongest three points (no muting; 12dB CoMP threshold).
Figures 2 and 3 show the CDF curves of the SINR conditions for K=3 and K=5, respectively.  A CoMP threshold has again been applied to the results in line with the earlier discussion in Section 2.1. 
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Figure 2: SINR distribution for the strongest three points (muting with K=3; 12dB CoMP threshold).
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Figure 3: SINR distribution for the strongest three points (muting with K=5; 12dB CoMP threshold).
In the absence of modeling a CoMP threshold, the CDF curves for the second and third strongest point would shift significantly to the left.  This is shown in Appendix A.1, where the constraint of a CoMP threshold has been removed.

Based on the measurement and RSRP threshold, it is possible to evaluate the fraction of CoMP UEs (i.e., UEs with more than one point in the CoMP measurement set) which will not be able to correctly determine the CoMP measurement set, simply because points that should have been included in the set fall below the measurement threshold.  Table 1 shows the fraction of CoMP UEs for which the set would be incorrectly determined.  Sensitivity analysis with respect to the measurement threshold and RSRP threshold is carried out.  For reference, Table 2 shows the fraction of CoMP UEs compared to the entire UE population. 
Table 1: Fraction of CoMP UEs that incorrectly determines measurement set (as a function of muting factor K).
	Meas. Thres.
[dB]
	RSRP Thres.
[dB]
	Config. 1
	Config. 4b

	
	
	K=1
	K=3
	K=5
	K=1
	K=3
	K=5

	-2
	9
	92.9%
	30.9%
	22.3%
	91.7%
	22.5%
	12.8%

	
	12
	95.6%
	39.2%
	30.2%
	94.9%
	29.8%
	18.2%

	
	20
	99.2%
	56.9%
	47.6%
	98.7%
	46.2%
	33.6%

	-4
	9
	79.3%
	22.1%
	15.5%
	77.3%
	16.5%
	8.6%

	
	12
	87.0%
	30.7%
	23.2%
	85.9%
	23.8%
	13.8%

	
	20
	96.8%
	49.9%
	41.2%
	96.4%
	40.1%
	28.5%


4
Conclusions

In conclusion, we have presented system-level performance results on CSI-RS feasibility. In addition, we propose the following WF to facilitate a timely conclusion on the CSI-RS based RSRP measurement feasibility:

 Proposal 1: Agree to use either tail SINR or fraction of undetected CoMP TP as performance metrics for RAN4 system level feasibility study.
Proposal 2: Agree to use Model 2 for muting evaluation given practical implementation constraints and overhead consideration.
Proposal 3: Revisit the CoMP thresholds for system level simulations considering the  impact on CoMP gain.
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Appendix
A.1
SINR conditions without CoMP measurement threshold
Figure 4 illustrates SINR conditions when no CoMP measurement set threshold is assumed. 
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Figure 4: SINR distribution for the strongest three points (no muting; no CoMP threshold).
A.2
Simulation assumptions

Table 3: Simulation assumptions
	Parameter
	Value
	Parameter
	Value

	Deployment
	ITU-based (TR36.819)
	Coordination area
	Intra-site (i.e., 3macro cells + 12 RRHs)

	Number of macro cells
	57
	Number of CSI-RS resources K
	1, 3, 5
(within a cluster muting of K-1 resources is assumed)

	RRHs/macro cell
	4
	CoMP threshold
	12dB (baseline), 9dB, 20dB

	Number of UEs/cell
	25 (Config. 1)
30 (Config. 4b)
	Maximum CoMP measurement set size
	3
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