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1  Introduction
In the last RAN4#63 meeting in Prague, there were contributions on system level evaluation of CSI-RS based RSRP measurement accuracy for DL CoMP [1-9].  However, there was not much progress on the topic. 

In this contribution, we presented our system level simulation results (based on [1]) and performed further analysis to progress the topic. In addition, we also expressed our views about the feasibility of CSI-RS based RSRP measurement. 
2 Discussions
In the past two RAN4 meetings, the discussions on how to respond to the RAN1 LS in [10] have been carried out for CoMP Scenario 4 (the HetNet configuration), where the LPNs are deployed within the macrocell area, and 4 LPNs nodes per macro-cell are assumed. All LPN nodes have the same PCI as the macrocell. So, in this scenario, there is there is no handover between LPNs and macrocell. Because of this unique configuration, the CRS based RSRP measurement cannot be used. 
Current working assumption is to explore the possibility of using CSI-RS based RSRP measurement technique, where different CSI-RS configuration (0 – 19 for FDD frame structure) will be signaled to the UE so that the UE knows exactly the RE locations of the CSI-RS symbols from each TP accordingly. Hence, both system level and link level evaluation have been carried out to study the feasibility of using CSI-RS based RSRP measurement in RAN4. Simulation assumptions have been agreed as in [11] and [12] for system level and link level studies respectively. 

2.1 Simulation results
The SINR statistics is shown in the Figure 1, when no muting is applied. The main simulation assumptions are given in the Appendix. The SINR statistics are collected for different CoMP measurement threshold, Pth, and for all the serving TPs in the UE’s CoMP resource measurement set. Since CoMP measurement set size is 3, there are 3 SINR CDF curves.  The maximum size of CoMP resource management set is set larger than 3.  The threshold Pth here is used to select CoMP resource management set instead of CoMP measurement set as described in [11].
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Figure 1: SINR CDF curves for different Pth, no muting case
 
Based on Figure 1, the following observations can be made:

· The strongest TP’s SINR distribution is significantly different from the 2nd and 3rd strongest TP. In all Pth values, about 20% of the time the SINR values are below 0 dB for the strongest TP. 
· For 2nd and 3rd strongest TP, their SINR values are below 0 dB for almost all the time. 
· when Pth is increased, the CDF curves of 2nd and 3rd TP shift to the left. Since CoMP is only useful when there are TPs with acceptable power level, we require a certain maximum power gap from that of the strongest point. This means that a point is included in the measurement set only if its power Pi satisfies
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, where P1 is the power received from the strongest point and Pth is an input parameter. Based on this principle, we can deduce that if the Pth is increased, then more weaker TPs will be included in the CoMP resource measurement set, thus shifting the SINR CDF curves more to the left (i.e. more negative SINR values). 

The SINR statistics when 4 TPs are muted (i.e. not included in the interference power calculation) are also collected, as shown in Figure 2.  Concerning the muting, we only perform the intra-cell muting scheme. For example, if there are 5 TPs (1 macro TP + 4 LPN TPs).  Each TP will mute all the REs corresponding to the other 4 TPs in the same cell.  For a LPN, these 4 TPs correspond to 1 macro TP +3 LPN TPs.  
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Figure 2: SINR CDF curves for different Pth, 4 TPs muting case

Based on Figure 2, the following observations can be made:

· The muting improves the SINR (i.e. muting gain is obtained). Taking 10% confidence level (i.e. Prob (x) < 0.1), the estimated muting gain of 2 – 3 dB for 1st, 2nd and 3rd TP can be obtained. 
· Even with 4TPs muting in the macro coverage area, quite a large portion of SINR is smaller than -3dB
From the simulation results, only 60% and 20% of 2nd and 3rd strongest-cell measurements exceed -3dB.  The SINR side conditions chosen for link level simulation should reflect such behavior. Given that RAN1 agrees the maximum size of CoMP measurement set equal to 3, it is expected that the CoMP resource management set should be larger than 3 in order to perform the down-selection. In fact, the CoMP resource management set size can be set to be at least 8.  Even with size of 3, only small percentage of UEs can satisfy the side condition.  So the use of CSI-RS based RSRP measurement for selection of CoMP measurement set becomes limited.
From this study, we found out that there are still pending issues to be resolved in RAN1, RAN2 and RAN4 regarding the feasibility of CSI-RS based RSRP measurement. From RAN4’s perspective, we need to carefully specify the CSI-RS based received quality measurement considering at least the following factors:
· Accuracy, side conditions, SINR levels, etc. 

· Whether to consider a baseline muting scheme or not, what is the target of re-use factor, number of antenna ports, etc.
· Scenarios - e.g. number of LPNs/macro, same or different frequency bands

· UE Complexity aspects
· Future compatibility for possible extension – e.g. whether it will be extended to support mobility.
3 Conclusions
In this contribution, the system level simulation results have been provided to study the CSI-RS based RSRP measurement for CoMP. The results show that:

· Relatively large portion of TPs have weak SINR (i.e. < -3 dB). 

· The muting gain obtained is not very significant for 1st, 2nd and 3rd strongest TP.

· The use of CSI-RS based RSRP measurement for selection of CoMP measurement set is limited.
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Appendix

Table 1 Assumptions for system level evaluation

	Parameter
	Values used for evaluation

	Deployment scenarios 
	Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell. Coordination area includes 1 cell with N low-power nodes as starting point

	Number of macro cells
	21

	ISD
	500 m

	Number of LPNs per macro cell
	4

	Number of UEs per cell
	30

	User distribution
	Hotspot

	Percentage of users in hotspot
	67%

	Macro TX power
	40 w

	LPN TX power
	1 w

	System BW
	10 MHz

	Minimum distance UE to macro
	35 m

	Minimum distance UE to RRH
	10 m

	Minimum distance RRH to macro
	75 m

	Minimum distance RRH to RRH
	40 m

	Macro antenna gain
	17 dBi

	LPN antenna gain
	5 dBi

	BS antenna pattern (horizontal)
	3 sectorized antenna

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Network synchronization
	Synchronized

	Antenna pattern
	For macro eNB and high-power RRH: 
3D 
Follow Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814

For low-power node: 

2D 
Horizontal plane: omnidirectional

Vertical plane:
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	Antenna height
	10m for RRH/Hotzone Node

25m for Macro Node

	Pathloss model
	ITU UMa for Macro, UMi for low power node
·  UMa
- UE speed : 3km/hr

- No outdoor in-car penetration loss

·  UMi
- Carrier Frequency : 2GHz

- 100% UE dropped outdoors

- No outdoor to indoor penetration loss
ITU UMa and UMi penetration, pathloss, and shadowing generation methodology is used for Macro to UE and Pico/RRH to UE respectively

	Measurement period
	200, 400, 800ms

	Measurement bandwidth
	Baseline: 50RBs

	Maximum CoMP set size
	3

	CoMP threshold (Pth)noted1
	3,6,9,12 dB 

	Muting points
	4(the RRHs have the same cell IDs)

	Note 1: The CSI-RS RSRP measurement set is determined with x dB CoMP threshold. In other words, all TPs (transmission point) within x dB from the strongest TP are included in the CSI-RS RSRP measurement set.


� Taken from simulated CoMP set


� Taken from simulator CoMP set
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