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1. Introduction

CSI-RS signal quality measurements were agreed as a working assumption in RAN1 and LS was received asking RAN4 to perform feasibility analysis for such measurements [1]. During RAN4#62bis meeting system level simulation assumption for evaluations of CSI-RS based RSRP measurements were developed with the aim to conduct performance analysis before RAN4#63 meeting [2]. During RAN4#63 the initial SINR ranges for CSI-RS of CoMP management set were presented under assumption that CoMP threshold is applied to the ideal CSI-RSRP to prune the transmitting points for SINR analysis. However in practical scenarios the transmitting point pruning for CSI-RSRP reporting will be based on the estimated CSI-RSRP. In fact it has been shown with help of extended system level simulations that when estimated CSI-RSRP is used a substantial fraction of the CSI-RSRP reports are provided for the transmission points with very low SINR below -6dB [3]. In this paper we discuss a potential approach to solve the issue. In particular with help of extended system level simulations it has been found that additional reporting instance – CSI-RSRQ, can be used to avoid CSI-RSRP reporting from weak transmission points.
2. Extended system level simulations

RSRP measurements are expected to provide initial information to the network regarding nearby transmission points within CoMP coordination area. For CoMP Scenario 4 the measurements were agreed to be performed using CSI-RS resources which are transmitted by each point regardless of PCI assignment. To facilitate such measurements RAN1 has introduced so called CoMP resource management set (CRM) that comprises set of CSI-RS resource on which CSI-RSRP reports should be provided.
During configuration of CRM (i.e. configuration of CSI-RS for RSRP measurements) it can be assumed that network doesn’t have any initial information on the location of the UE with respect to the points in CoMP resource management set. In this case N strongest transmission point muting (assumed in the current simulation assumptions) can’t be performed before CSI-RSRP reports are available at the eNB. One straightforward approach of the transmission point muting without CSI-RSRP information is to mute all points within CRM regardless of UE position. In this case the interference within CRM can be fully eliminated. Another approach recommended by RAN1 in the LS reply [4] assumes muting of macro-site transmission points in addition to muting within CRM set. This approach has been used for evaluations in this paper.
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Figure 1: Extended system level simulation flow

As not all transmission points are expected to be useful for CoMP, it is important to consider CSI-RSRP reporting for subset of the points in CoMP resource management. As captured in system level simulation assumption the candidate CSI-RS resources for CSI-RSRP reporting can be identified by the using CoMP threshold criteria, when all measured CSI-RSRP values that falls within the predetermined CoMP threshold to the strongest CSI-RS link are reported by the UE. Such CSI-RSRP reports pruning procedure corresponds to A3-like triggering event, which has been taken in RAN2 as the working assumption for CoMP [5]. It should be noted however that current system level simulation assumptions implies that CSI-RSRP reports pruning procedure is based on the ideal values, while in practical case CSI-RSRP reports down selection at the UE side will be based on the estimated values. To address non idealities issue of CSI-RSRP reports pruning, we consider the extended system level simulations (see Fig. 1), where link level CSI-RSRP estimation procedure (see Appendix for link level simulation assumption) is integrated into system level simulation platform to obtain estimated CSI-RSRP. The estimated values for each CSI-RS resource of CRM set are then compared against the threshold using the regular procedure specified in system level simulation methodology.
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Figure 2: System level results for CSI-RS SINR and CSI-RSRP measurement error in Config.1
The system level simulation results for extended system level simulations are provided in Figure 2 and 3 for two UE dropping configurations – ‘uniform’ (Config. 1) and ‘clustered’ (Config. 4b). Two performance metrics are considered – SINR and CSI-RSRP error on the reported CSI-RS resources. For the reference we have also provided performance results when ideal values are used for CSI-RSRP reports pruning. For convenience of the comparison the SINR results for the reported CSI-RS resources are summarized in Table 1.
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Figure 3: System level results for CSI-RS SINR and CSI-RSRP measurement error in Config.4b
It can be seen that when ideal values are used for CSI-RSRP reports pruning, the SINR on the reported CSI-RS resources are typically above -6dB for 95% of cases. However when estimated CSI-RSRP values are used the substantial fraction of the CSI-RSRP reports are provided for the transmission points with very low SINR.
Table 1: SINR on the reported CSI-RS resources for 5-tile of SINR CDF
	
	Config. 1
	Config. 4b

	CoMPthr, dB
	Ideal RSRP
	Est. RSRP
	Ideal RSRP
	Est. RSRP

	3
	-2
	-4
	-1
	-2.5

	6
	-2.5
	-35
	-1.5
	-28

	9
	-4
	-42
	-2
	-42

	12
	-6
	-44
	-4
	-44


The inclusion of the weak transmission points for CSI-RSRP reports is explained by the fact that some reference transmission point, used for CSI-RSRP reports pruning, has low SINR (e.g. below 0dB). In this case CSI-RSRP measurement for the remaining CSI-RS resources of CRM set is likely to satisfy CoMP threshold criteria as all of them provide comparable CSI-RSRP reports corresponding to averaged noise and interference. If no special consideration for this issue is taken at the network side, the low SINR transmission points reported by the UE may be also included in CoMP measurement and CoMP transmission sets.
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Figure 4: Illustration of CSI-RSRP reporting when estimated CSI-RSRP is considered
The illustration of the issue is provided in Figure 4, where estimated CSI-RSRP for five CSI-RS resources is shown. It can be seen that residual noise and interference power level provides CSI-RSRP measurement for all CSI-RS resources (including weak transmission points) satisfying CoMP threshold value. The issue becomes more pronounced when larger CoMP threshold values (e.g. 10dB is typical assumption for CoMP) are considered.
3. CSI-RSRQ measurements

One way to address the issue of CSI-RSRP reports on weak links is to consider CSI-RSRQ reporting instance for CSI-RSRP report pruning. CSI-RSRQ can be defined as follows:
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where CSI-RSRP and CSI-RSSI correspond to RSRP and RSSI measured on the same resource elements occupied by CSI-RS resource of CoMP resource management set and N is the number of RB’s of the CSI-RSSI measurement bandwidth. As CSI-RSRQ definition (1) captures the interference and noise power level as a part of CSI-RSSI, it would be possible to detect weak links either at UE or eNB side by comparing CSI-RSRQ to some threshold value (e.g. -5dB). To demonstrate the correlation between low CSI-RSRQ and weak links, the scattering diagrams of estimated CSI-RSRQ vs. SINR and CSI-RSRP error on the CSI-RS resources of CoMP resource management set is shown in Figure 5. 
[image: image8.emf]-80 -60 -40 -20 0 20 40 60

-12

-10

-8

-6

-4

-2

0

2

CSI-RS SINR, dB

Estimated CSI-RSRQ

Config 4b, 10MHz, 200ms/6PRBs measurement period/bandwidth,R

15

, AWGN

[image: image9.emf]-10 0 10 20 30 40 50 60 70

-12

-10

-8

-6

-4

-2

0

2

Delta RSRP (Est RSRP - Ideal RSRP), dB

Estimated CSI-RSRQ

Config 4b, 10MHz, 200ms/6PRBs measurement period/bandwidth,R

15

, AWGN


Figure 5: CSI-RSRQ scattering diagrams for CSI-RS SINR and Delta CSI-RSRP
It can be seen that weak links are typically associated with low CSI-RSRQ values. In this case CSI-RSRP reporting on such links can be relative easy avoided by pruning CSI-RSRP reports with CSI-RSRQ below some threshold value (e.g. -5dB). To demonstrate the efficiency of the proposed approach, the extended system level simulation results for SINR and CSI-RSRP error were obtained. The results are provided in Figures 6 and 7 for ‘uniform’ (Config. 1) and ‘clustered’ (Config. 4b) UE dropping configuration for CSI-RSRQ threshold of -5dB. For convenience the CSI-RS SINR results are summarized in Table 2.
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Figure 6: System level results for CSI-RS SINR and CSI-RSRP measurement error in Config.1 when CSI-RSRQ reporting instance is considered
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Figure 7: System level results for CSI-RS SINR and CSI-RSRP measurement error in Config.4b when CSI-RSRQ reporting instance is considered
It can be seen that CSI-RSRQ measurements and CSI-RSRQ based pruning (in addition to CoMP threshold down selection) resolves the issue of CSI-RSRP reporting on weak link. 

Table 2: SINR on the reported CSI-RS resources for 5-tile of SINR CDF

	
	Config. 1
	Config. 4b

	CoMPthr, dB
	Est. RSRP only
	Est. RSRP/RSRQ
	Est. RSRP only
	Est. RSRP/RSRQ

	3
	-4
	-1.5
	-2.5
	-0.5

	6
	-35
	-2
	-28
	-1

	9
	-42
	-2.5
	-42
	-1.5

	12
	-44
	-3
	-44
	-2


4. Summary and conclusions

In this contribution we have provided system level evaluation results for SINR on CSI-RS resources of CoMP resource management set. It has been observed that when ideal values are used for CSI-RSRP report pruning the SINR is above -6dB for 95% of cases. However when estimated CSI-RSRP value is used the substantial fraction of the CSI-RSRP reports are provided for the transmission points with very low SINR below -6dB. In order to avoid detrimental impact of including these points in CoMP measurement and CoMP transmitting sets, we have proposed to use CSI-RSRQ metric in addition to CSI-RSRP. It has been shown with help of extended system level simulation that CSI-RSRP reports pruning using estimated CSI-RSRQ and CoMP threshold can efficiently address the aforementioned issue.
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Appendix
	Parameters
	Value

	SNR 
	Derived from SLS

	Measurement Bandwidth 
	6 {PRBs}

	Number of Tx Antennas 
	{2} 

	Number of Rx Antennas 
	2 

	Antenna Correlation 
	Low 

	CSI reference signals 
	Antenna port {15} 

	CSI-RS reference signal configuration 
	[2] 

	CSI-RS periodicity and subframe offset TCSI-RS / ICSI-RS 
	 [10/3]

	Measurement Period for non-DRX case
	{200ms} 

	Number of Samples per Measurement Period 
	5

	L3 filtering 
	Disable 

	DRX 
	On

	Propagation Condition
	AWGN

	CP Length
	Normal

	Timing Error
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