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1
Introduction
At RAN1#68 a working assumption was made to introduce CSI-RS based received power measurement.  Concerns over the feasibility of such a measurement led to an LS to RAN4 and the RAN4 response will help determine whether to ultimately confirm or abandon the working assumption. 

The feasibility of CSI-RS based received power measurements requires both link-level and system-level evaluations.  On the link-level, a previous contribution [1] has provided first results which have been updated in [2].  In addition, this contribution presents system-level evaluation results on CSI-RS based RSRP performance, in line with recently discussed RAN4 evaluation assumptions [3]. 
This contribution focuses on two key system-level metrics to determine the feasibility of CSI-RS based received power measurement:

· SINR conditions.  The first consists of typical SINR conditions encountered on CSI-RS measurement resources in the agreed CoMP deployments.  The results demonstrate that even in the presence of muting, a fairly large fraction of UEs (15-30%) encounters SINR conditions that are too low for reliable CSI-RS received power measurement.  

· Error analysis.  The second 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.  We observe that such errors occur for a noticeable fraction of CoMP UEs (15-30% for 12dB threshold; 30-50% or more for 20dB threshold). 

Based on the system-level performance results we conclude that CSI-RS received power measurement is not an adequate measurement for robust CoMP measurement set determination.  

In companion papers we discuss feedback related topics [4]-[8].  Interference measurement, downlink reference signals, and control signaling are addressed in [9]-[11], respectively. 
2
Analysis of typical SINR conditions for CSI-RS RSRP measurement 
This section provides evaluation results of the typical SINR conditions encountered on CSI-RS resources used for CSI-RS received power measurement.  The simulation assumptions were aligned with the RAN4 assumptions [3] and TR36.819; a detailed table is provided in the appendix. 

In line with [3], the results in this section include a CoMP threshold, i.e., on a per-UE basis, 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 downselection of reported transmission points therefore leads to a chicken-and-egg problem.  
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.  
2.1
Results without muting
Figure 1 shows CDFs of the SINR conditions of the first, second, and third strongest point in terms of received power.  Each point in the CDF corresponds to the SINR conditions of a specific UE.  In line with the earlier discussion, it is important to note that a CoMP threshold of 12dB has been applied in this figure.  Therefore, only UEs for which the second or third strongest points fall inside the CoMP threshold are included in the CDFs for the second and third strongest point.  The CDF curves are therefore based on different UE populations. 
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. 
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Figure 1: SINR distribution for the strongest three points (no muting; 12dB CoMP threshold).
2.2
Results with muting

Muting can help improve SINR conditions by removing the interference from neighboring points on CSI-RS REs.  However, when evaluating muting configurations, it is important to model an actually achievable muting configuration; otherwise results may become too optimistic and have no bearing on realistically attainable performance. 
In our evaluations, we have assumed a varying degree of muting by assuming that a total of K CSI-RS-resource would be used for CSI-RS RSRP measurement.  Each point is assigned a single CSI-RS resource for measurement and configures all remaining K-1 CSI-RS resource as zero-power.  We focus on K=3 and K=5 in our evaluations and assume that muting is restricted to within each CoMP cluster corresponding to a macro site (i.e., 3 macro cells plus 12 RRHs). 
We followed the following procedure in assigning NZP and ZP-CSI-RS-resource: 
1. Iteratively go over the transmission points in the system.  

a. For each transmission point, the UE population which observes this transmission point as strongest is considered. 
b. Compile a histogram of the interference level encountered from transmission points that have already been assigned CSI-RS resources. 

c. Choose the CSI-RS resource of the current transmission point such that interference for the UE population under consideration is minimized.  

2. Move on the next transmission point. 

We view the above CSI-RS assignment procedure as a robust way of minimizing interference among the transmission point.  While no claim for optimality can be made, it should be kept in mind that optimal solutions to such “coloring problems” are generally not tractable. 
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).
2.3 
Observations
From the results in Sections 2.1 and 2.2 we observe that a significant fraction of about 15-30% of UEs observes an SINR below -4dB for the second and third strongest points.  Below such a threshold, CSI-RS RSRP measurement appears no longer feasible and it is therefore expected that CSI-RS RSRP feedback would lead to an erroneous determination of the CoMP measurement set. While muting helped improve the results significantly, the above issue remains even when muting with a reuse factor of K=5 is considered. 
Observation 1: 

· A significant fraction of 15-30% of UEs observes insufficient SINR conditions on the CSI-RS measurement REs.  Reliable CSI-RS based received power measurement for those UEs therefore appears infeasible. 

· Given the larger fraction of impacted UEs, CSI-RS RSRP appears inadequate for reliable and robust CoMP measurement set determination.  

3
Feasibility of CSI-RS RSRP for CoMP measurement set determination

In this section, we consider a different procedure for determining the reliability of CSI-RS RSRP for CoMP measurement set determination.  In particular, we introduce a measurement threshold which denotes the minimum SINR requirement for reliable CSI-RS RSRP measurement.  Below the measurement threshold it is assumed that the CSI-RS RSRP measurement is invalid; above the threshold it is assumed to be ideal. 

In line with the earlier results, we continue to apply an RSRP threshold to the results.  This means that only points that fall within the RSRP threshold of a given UE are considered for CSI-RS RSRP feedback.  A threshold of 12dB, which is part of the agreed simulation assumptions, has been selected as a baseline value; thresholds of 9dB and 20dB are also provided for sensitivity analysis.
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%


Table 2: Fraction of CoMP UEs (UEs with CoMP measurement set larger or equal to two).
	RSRP Thres.
[dB]
	Config. 1
	Config. 4b

	9
	42.1%
	38.6%

	12
	55.5%
	50.9%

	20
	83.3%
	77.8%


The results in Table 1 show that a significant fraction of CoMP UEs is not able to reliably determine the CoMP measurement set.  As the CoMP measurement set has been the only motivation for introducing CSI-RS RSRP measurement, it is therefore unclear whether such a measurement should indeed be introduced.  Alternative ways of determining the CoMP measurement set, such as CRS based RSRP or uplink sounding, are methods that can be used instead and would likely provide more accurate performance. 
Observation 2: 

· A significant fraction of 15-30% (for 12dB threshold) and 30-50% or more (for 20dB threshold) of CoMP UEs is not able to reliability determine the CoMP measurement set.  CSI-RS RSRP therefore seems inadequate for the purpose of CoMP measurement set determination. 
· Alternative measurement should be employed for CoMP set determination.  CRS-based RSRP and/or uplink sounding are likely to give more favorable and robust performance. 
4
Conclusions

In conclusion, we have presented system-level performance results on CSI-RS feasibility, considering both SINR distributions – in line with previous discussions – as well as a complete error analysis to determine feasibility.  We have reached the following conclusions: 
SINR conditions

· A significant fraction of 15-30% of UEs observes insufficient SINR conditions on the CSI-RS measurement REs.  Reliable CSI-RS based received power measurement for those UEs therefore appears infeasible. 

· Given the larger fraction of impacted UEs, CSI-RS RSRP appears inadequate for reliable and robust CoMP measurement set determination.  

Error analysis

· A significant fraction of 15-30% (for 12dB threshold) and 30-50% or more (for 20dB threshold) of CoMP UEs is not able to reliability determine the CoMP measurement set.  CSI-RS RSRP therefore seems inadequate for the purpose of CoMP measurement set determination. 

· Alternative measurement should be employed for CoMP set determination.  CRS-based RSRP and/or uplink sounding are likely to give more favorable and robust performance. 
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A
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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