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1  Introduction
In the last RAN4#62bis meeting, it was agreed among the proponents of CoMP to perform both system level and link level studies, as described in [1], with the parameters and simulation assumptions outlined in [2] and [3], respectively. The main scope of this study is to investigate the aspects of management of CoMP measurement set, especially whether CSI-RS symbols could be used to perform CSI measurement, as described by the incoming LS in [4]. 

In RAN4#62bis meeting, a LS (in [5]) was also sent to RAN1to further clarify the questions in [4].   
In this contribution, the system level simulation results for CSI-RS based RSRP measurement for DL-CoMP were provided to determine system level parameter e.g. SINR, number of TPs for which CSI-RSRP accuracy shall be applicable.
In addition, we also expressed our views as in [6] about the feasibility of CSI-RS based RSRP measurement now that we have obtained some pre-liminary simulation results. 
2 Discussions
In CoMP Scenario 4, the HetNet configuration is used, where the LPNs are deployed within the macrocell area, where 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.

One aspect that the UE needs to handle is the CoMP measurement set management. In RAN1#68bis meeting, the CoMP Resource Management Set has been introduced. The definition of the CoMP Resource Management set is as follows: 

· CoMP Resource Management Set: The set of CSI-RS resources for which CSI-RS based received signal measurements can be made and reported. 

· These received signal measurements can be used to configure the CoMP Measurement Set. 

· Note that other measurements, such as mobility measurements or SRS, can also be used to configure the CoMP Measurement Set. 

· Note that this is independent of existing mobility measurements and procedures

To do this, UE needs to be able to uniquely differentiate all the serving and target TPs, uniquely measure the reference signal transmitted from those TPs, evaluate the signal quality and hence decide whether the TP can be included into the CoMP measurement set. The use of this CSI-RS based RSRP measurement is to select TPs from the CoMP resource management set to form the CoMP measurement set.  
Note that "CoMP resource management set" is basically the same as "CSI-RS RSRP measurement set” described in [2].   

In the subsequent analysis, let’s assume that CSI-RS symbols are used by the serving and target TPs, 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. For example, as shown in Figure 1 below, TP1’s CSI-RS symbol location is shown. In this example, this is shown as ‘1’ in the matrix of REs below:
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                                       Figure 1: CSI-RS symbol location
So, for each UE in the CoMP cluster area, the SINR is estimated from the CSI-RS symbol locations (i.e. symbol#5 and #6 shown above), for all serving TPs present in the UE CoMP resource measurement set. The SINR statistics is shown in the Figure 2, 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 set size is 3, there are 3 SINR CDF curves.  The maximum size of CoMP resource management set should be larger than 3.  The threshold Pth here is used to select CoMP resource management set instead of CoMP measurement set as described in [2].
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Figure 2: SINR CDF curves for different Pth, no muting case
 
From Figure 2, 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. Since we observe two quite distinct set of SINR behavior, the SINR range chosen for link level simulation should reflect such behavior, in particular the granularity of SINR range and consider the more severe SINR values where RSRP measurement accuracy could be most impacted. 
In general, when the SINR values are below 0 dB or worse, then the strongest TP may become the second strongest TP and the second strongest TP may become the strongest TP. So the SINR values of the new strongest TP may be above 0 dB or above a certain value. This means the SINR values of the strongest TP can be always above a certain value from the CoMP measurement set update point of view. But the worst SINR value of the strongest TP can be -20dB as observed from the SINR CDF curves.

Another observation is that when Pth is increased, the CDF curves of 2nd and 3rd TP shift to the left. Since CoMP is only useful when there are points with acceptable power, 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 3 below: 
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Figure 3: SINR CDF curves for different Pth, 4 TPs muting case

First, we can observe that the TP 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. This is different from the muting gain obtained in [7]. This could be related to the muting scheme implementation and will be further studied. However, this preliminary results show that further considerations on how to develop the side conditions for CSI-RS based RSRP measurement will be needed. 
The side condition, Es/Iot or SINR, for CSI-RS based RSRP measurement needs to be aligned. Two alternatives are discussed in the last RAN4 meeting, 

Alt 1: Reuse the Rel-8/9 CRS RSRP measurement side condition: i.e. Es/Iot = -6 dB

Alt 2: New side condition: Rel-8/9 side condition + muting gain  

From the SINR curves above, it seems that Alt. 1 is quite hard to be fulfilled for CSI-RS based RSRP measurement. 

2.1 Necessity of CSI-RS based RSRP Measurement in Rel-11 

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. In addition, there has been discussion in RAN1that CSI-RS based RSRQ measurement could also be introduced.  The intention is good especially if we consider large number of TPs.  However, it is challenging to do a good design in the limited Rel-11 timeframe.  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, etc.
· Scenarios - e.g. number of LPNs/macro, same or different frequency bands

· UE Complexity

· Future compatibility for possible extension – e.g. whether it will be extended to support mobility
It is risky that we rush on designing a “lite-version” first and then do the enhancements or future extension for some other uses in the next release.  For the scenarios we are most interested in (i.e. small number of LPNs in co-frequency), existing schemes seem to be sufficient. For example, it is shown in [8] that performance of SRS based measurement is comparable to that of CSI-RS based measurement.  Accuracy concern is also raised in [9] comparing with the CRS based solution.  

It seems that there are a lot of open issues we need to investigate and we don’t see the urgent need of introducing this feature in Rel-11.  

3 Conclusions
In this contribution, the system level simulation results have been provided to study the CSI-RS based RSRP measurement. Some observations can be summarised below:

Observation 1: The results showed that SINR behaviour for the strongest TP is quite different from its less strong TPs. 

Observation 2: The SINR values are mostly falling in the negative region and even with muting; the gain is not very significant. This raised some doubts as whether the existing RSRP measurement accuracy could be fulfilled. 

We also propose the followings:

Proposal 1: To draw some conclusions/findings based on the system simulation results from proponents. This will help to progress the work in RAN4.  

Proposal 2: Wait for RAN1’s feedback on timing issues, CoMP measurement update issues, muting pattern, etc. 

Proposal 3: RAN4 continue to assess the feasibility of CSI-RS based RSRP measurement. Until then, no urgency to introduce this in Rel-11 timeframe. 
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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 repectively

	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.
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