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1 Introduction
In RAN4 #74 meeting, CSI requirements were discussed and no consensus has been reached, WF [1] captured the suggestions for companies to provide more input for this meeting:

· Interested companies are encouraged to provide input on the CSI test regarding at least:

· The feasibility of capturing the CRS-IM gain into CSI derivation

· Clarification on CSI measurement behavior of CRS-IM UE

· Link level simulation results for CSI to justify the feasibility of CSI test.  

· How to model partial load in the possible CSI test

So, in this contribution, we would like to provide our analysis on the CSI measurement behavior of CRS-IM UE, and link level simulation results for CSI to justify the feasibility of CSI test. 
2 Evaluation of CRS-IM gain
In this section, we evaluate the performance gain of CRS-IC with Scenario 1 and Scenario 2:
· Scenario 1:  the interference cell PDSCH is scheduled

· Scenario 2:  the interference cell PDSCH is not scheduled
The simulation assumptions are given in Table 1 and simulation results shown in Figure 1.

Table 1 Simulation assumptions for CRS-IC gain
	Parameters
	Parameters

	Transmission mode
	PDSCH TM2/3/3

	Bandwidth and PRB allocation
	10MHz, 50PRB

	PDCCH symbol
	2

	Propagation channel
	EVA5

	antenna configuration
	2x2 low

	receiver
	legacy receiver: MMSE-IRC
CRS-IM receiver: MMSE-IRC + CRS-IC

	MCS
	MCS=14/14/14

	Rank
	Rank=1/1/1

	Interference condition
	1st strong interference: INR =10.11dB, CRS-colliding
2nd strong interference:  INR = 4.57dB, CRS-colliding

	Time frequency offset
	Service cell:[0 us, 0Hz] 

intf cell 1:[ 3 us, 300Hz]

 intf cell 2:[ -1 us, -100Hz]

	PDSCH interference
	Scenario 1: the 1st intf cell PDSCH is on,  the 2nd cell PDSCH is on
Scenario 2:the 1st  intf cell PDSCH is off, the 2nd cell PDSCH is off
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Figure 1 Performance of CRS-IC gain with and without the PDSCH interference
The Figure 1 provides the results of legacy receiver and CRS-IC receiver with and without the presence of PDSCH interference. Based on the results, it could be observed that:
· For the cases of PDSCH absent, the gain of CRS-IC is about 2.5 dB @70% maximum TP.

· For the cases of PDSCH present, the gain of CRS-IC is about 0.08 dB @70% maximum TP.

So, it could be concluded that, from the PDSCH demodulation performance point of view, the gain of CRS-IC would highly depend on the presence of PDSCH interference. So accordingly, the CRS-IC gain which might be taken into CQI reporting is also different depending on the presence of PDSCH interference.
Observation 1

The CRS-IM gain is different depending on the presence of PDSCH interference.
3 Discussion of measurement behaviour
In this section, we would like to discuss the CSI measurement behaviour of CRS-IM UE. And we will discuss the CRS-colliding and CRS-non-colliding cases separately.

CRS-colliding
For CRS-colliding scenarios, there exist the issues on how to perform the measurement of CRS-IM gain into CQI.
Based on observation 1, as the CRS-IM gain would depend on the presence of PDSCH interference. So, for the purpose of implementing the correct CRS-IM gain into CQI, the CRS-IM UE shall perform detection/estimation on the presence of interference PDSCH. While, it's still questionable on the feasibility for CRS-IM UE to perform such a blind detection, because:

· Different from R.12 NAICS UE, the R.13 CRS-IM UE couldn't get the sufficient assistance information of PDSCH interference, such as Transmission mode, Pa value.

· The complexity and performance of such blind detection need further study.

So, based on our analysis, regarding the 
Observation 2
For CRS-colliding cases, regarding the measurement behaviour, for the purpose of estimating the CRS-IM gain, the CRS-IM UE should perform detection/estimation on the presence of PDSCH interference.

CRS-non-colliding

For CRS-non-colliding scenarios, actually, for CQI measurement and reporting, the interference measurement has already taken the PDSCH interference into consideration, as
	
	Legacy CQI measurement
	CRS-IM CQI measurement

	PDSCH absent
	ideal CRS-IC
	realistic CRS-IC

	PDSCH present
	no CRS-IC
	realistic CRS-IC


So, for the purpose of justifying whether it’s necessary to capture realistic CRS-IC gain into CQI, at least we should evaluate whether there is a significant gap between the legacy CQI measurement and CRS-IM CQI measurement with system/link level simulation. 
Observation 3
For CRS-non-colliding cases, regarding the feasibility of CRS-IM CSI measurement, further study/evaluation is needed to justify the performance difference with realistic assumptions

· When PDSCH absent, the performance difference between ideal CRS-IC and realistic CRS-IC

· When PDSCH present, the performance difference between no CRS-IC and realistic CRS-IC

Based on the above discussion, it’s obviously that there are many TBD issues on the measurement behaviour for CRS-IM CSI, so, we propose that 
Proposal 1
FFS is needed to clarify the measurement behaviour of CRS-IM CSI, priori to capture the CRS-IM gain into CSI derivation.

4 The difference between R.11 FeICIC and R.13 CRS-IM
The FeICIC WI is also aiming to cancelling interference from neighbour cell CRS. The main distinction is that UE only cancel the CRS interference in ABS in FeICIC while UE cancel CRS interference in all subframes in CRS-IM.
In FeICIC issue, UE performs CRS-IC only in ABS protected subframes, so the UE has different ability in ABS protected subframes and normal subframes.  So, in FeICIC work item, RAN4 has defined CQI test case to ensure UE report matched CQI in both ABS protected subframes and normal subframes.    
However, in CRS-IM issue, UE perform CRS-IC in all subframes, so the UE has the same ability in all the subframes assuming others transmitting parameters unchanged. So there is no need to distinguish the ABS protected subframes from normal subframes.
5 Conclusion
In this contribution, we evaluate and discuss the feasibility of capturing the CRS-IM gain into CSI derivation. And based on our analysis, we observe that:

Observation 1

The CRS-IM gain is different depending on the presence of PDSCH interference.

Observation 2
For CRS-colliding cases, regarding the measurement behaviour, for the purpose of estimating the CRS-IM gain, the CRS-IM UE should perform detection/estimation on the presence of PDSCH interference.

Observation 3
For CRS-non-colliding cases, regarding the feasibility of CRS-IM CSI measurement, further study/evaluation is needed to justify the performance difference with realistic assumptions

· When PDSCH absent, the performance difference between ideal CRS-IC and realistic CRS-IC

· When PDSCH present, the performance difference between no CRS-IC and realistic CRS-IC

And we propose that:
Proposal 1
FFS is needed to clarify the measurement behaviour of CRS-IM CSI, priori to capture the CRS-IM gain into CSI derivation.

6 Reference
[1] R4-151095, “WF on CRS-IM demodulation and CSI for non-TM10 TMs”, 3GPP TSG-RAN WG4 Meeting #74 
[2] TR 36.863,“Study on Cell-specific Reference Signals (CRS) interference mitigation for homogenous deployments of LTE, 3GPP.






