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1. Introduction
In RAN4 #74bis, RAN4 had further discussion for CRS-IM for non-TM10 TMs and following agreements were made in WF [1]. 

General setup for CRS-IM

· For partial loading modeling, employ per-SF random on/off model in fixed MCS performance test
· Interferers are randomly turned ON independently at each subframe.
· The probability of one interferer is ON at one subframe is equal to the RU 
· Time delay wrt. Serving cell is [3 us, -1 us] for the 1st and second interference cell. 
· Frequency shift with respect to serving cell is [300Hz, -100Hz] for the 1st and second interference cell. 
Interference profile
· Resource utilization on the aggressor cells for gain test
· RU=20%
· Interference profile for gain test

· The 10th set

· [INR1, INR2] = [10.45, 4.6]

In this contribution, we provide our view on remaining issues on test framework and simulation results to determine serving cell MCS. 
2. Discussion
2.1. Robustness test
CRS-IM is an advanced signal processing algorithm that can be implemented on UE receiver to improve demodulation performance. However, if it is not properly done, it can generate interference and thus deteriorate demodulation performance. Therefore, it is essential to make it sure that UE’s demodulation performance is, at least, as good as baseline MMSE-IRC receiver performance. 
From UE implementation point of view, main robustness challenges are to enable CRS-IM only for interference cells that is strong enough and to maintain good channel estimation for interference cell to be mitigated. If UE enables CRS-IM for neighbor cells that is not actually existing, CRS-IM operation will only generate interference. Also, if UE does not maintain good channel estimation for weak interference cell, channel estimation error will contribute to degrade demodulation performance. 
In RAN4, same concern was raised in Rel-11 FeICIC WI when UE demodulation performance requirements for CRS-IM receiver was first specified. In order to address such concern, robustness test for FeICIC receiver was specified in section 8.2.1.3.4 of TS 36.101. From the test case, we can see that

· TM3 demodulation performance for pico center UE is verified when CRS assistance information is provided and ABS is configured in aggressor cell. 
· Dominant interference cell is non-colliding CRS and second interference cell is colliding CRS. 

· In serving cell, ABS is not configured and PDSCH is scheduled in every SF except for SF 5. 

· For 16QAM test, INR1=9dB and INR2=7dB while serving cell SNR is 13.9dB. UE is supposed to mitigate CRS from both interference cell to meet the performance requirement. 
· For 64QAM test, INR1=9dB and INR2=1dB while serving cell SNR is 22.6dB. UE is not required to mitigate CRS interference to meet the performance requirement. 

Observation 1. RAN4 already specified comprehensive robustness test for CRS-IM receiver in FeICIC WI. 

Comparing Rel-11 FeICIC receiver and Rel-13 CRS-IM receiver, we can observe following differences. 
· ABS is configured for Rel-11 FeICIC receiver while there is no ABS configuration for Rel-13 CRS-IM receiver. 
· MMSE receiver is used for Rel-11 FeICIC receiver while MMSE-IRC receiver is used for Rel-13 CRS-IM receiver. 
For robustness of CRS-IM operation, these differences do not seem to have material impact on UE implementation. Irrespective of ABS configuration or detection algorithm, UE’s implementation should be robust for CRS-IM enable/disable and channel estimation for weak interference cell. We can assume that UE’s CRS-IM implementation is robust if UE can pass FeICIC TM3 test and thus we don’t need to introduce similar robustness again in Rel-13 CRS-IM WI. 
Proposal 1. Don’t introduce robustness test in Rel-13 CRS-IM WI. 

Table 1. Robustness test for FeICIC UE
	Test Number
	Reference Channel 
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	OCNG Pattern
	Propagation Conditions (Note1)
	Correlation Matrix and Antenna Configuration (Note 2)
	Reference Value
	UE Category

	
	
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	
	Fraction of Maximum Throughput (%) Note 5
	SNR (dB) (Note 3)
	

	1
	R.11 FDD Note 4
	9
	7
	OP.1FDD
	OP.1FDD
	OP.1FDD
	EVA5
	EVA5
	EVA5
	2x2 Low
	70
	13.9
	≥2

	2
	R.35 FDD Note 4
	9
	1
	OP.1FDD
	OP.1FDD
	OP.1FDD
	EVA5
	EVA5
	EVA5
	2x2 Low
	70
	22.6
	≥2

	Note 1:
The propagation conditions for Cell 1, Cell 2 and Cell 3 are statistically independent.
Note 2:
The correlation matrix and antenna configuration apply for Cell 1, Cell 2 and Cell 3. 
Note 3:
SNR corresponds to [image: image2.wmf]2
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of cell 1. 

Note 4:
Cell 1 Reference channel is modified: PDSCH other than SIB1/paging and its associated PDCCH/PCFICH are transmitted in the serving cell subframe when the subframe is overlapped with the ABS subframe of aggressor cell and the subframe is available in the definition of the reference channel.
Note 5:
The maximum Throughput is calculated from the total Payload in 9 subframes, averaged over 40ms.


2.2. Interference cell configuration
It was agreed that two non-colliding interference cells are modeled in the test and performance requirement is defined for UE implementation with 2 cell CRS-IM. Remaining detail to be determined is interference cell transmission mode and propagation channel condition. 
In our view, modeling of PDSCH transmission parameters in interference cells is not as critical as MMSE-IRC or NAICS WI since interference cells are assumed to be loaded only 20% of time. Most of performance gain is obtained from CRS interference mitigation in SFs without interference cell PDSCH loading. Since main focus of this WI is CRS-IM in homogeneous network deployment, we would like to reuse PDSCH transmission parameters from Rel-11 MMSE-IRC WI. Also, we can specify same propagation channel for serving and interference cells. 
Proposal 2. Reuse interference cell PDSCH transmission parameters from Rel-11 MMSE-IRC WI. 

Proposal 3. Apply 2x2 EVA5 low correlation channel to both serving and interference cells. 
2.3. Mitigation of weaker interference cell

Under agreed interference condition, i.e., [INR1, INR2] = [10.45, 4.6], it could be challenging for UE to detect weaker interference cell. If we assume serving cell SNR is 8.92dB, which corresponds to serving cell power for 20% RU and 50%-tile INR1, Es/Iot for weaker interference cell can be calculated as
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Under such low CINR condition, UE cannot reliably detect weaker interference cell without searcher interference cancellation. In FeICIC, use of searcher IC was mandated for CRE (cell range expansion) UE associated with pico cell with 6dB handover bias. However, it is not desirable to mandate such UE operation in homogeneous network considering that (1) use of searcher IC will burn extra power on UE receiver (2) UE can maintain radio link and demodulate PDCCH without detection and mitigation of such weak interference cell and (3) performance gain that UE can achieve through detection and mitigation of very weak interference is relatively small. 
Proposal 4. Determine performance requirement with only one cell interference mitigation. 
2.4. Serving cell MCS selection
For serving cell MCS selection, it was agreed to consider following aspects. 
· There should be sufficient CRS-IM gain. 
· Test point should be close to serving cell SNR identified in system level study 
· There should be no control channel performance bottleneck. 
We ran simulation to determine MCS that can meet above criteria. Performance was evaluated for 2 cell CRS-IM, 1 cell CRS-IM and no CRS-IM. Figure 1 shows simulation results for PDSCH demodulation test with CRS-IM receiver for different TMs. From the simulation results, we can observe that
· With 2 cell CRS-IM, we can observe 2.5~3.5dB performance gain at 70% peak throughput. 

· 1 cell CRS-IM provides around 0.5dB less gain than 2 cell CRS-IM. 

We would like to propose to define only one test for CRS TM since UE operation for CRS-IM receiver is more or less same for different CRS TMs. 
For serving cell SNR selection, we need to consider both interference cell detection and PDCCH demodulation performance. If serving cell power is too high relative to interference cell power, it would be challenging to detect interference cell. On the other hand, if serving cell power is too low relative to interference cell power, control channel demodualtion can be bottleneck. Therefore, we propose to select MCS so that serving cell SNR is within +/-3 dB of INR1, i.e., 8.45~13.45dB. Considering that impairment margin is added later, we would like to propose following for MCS selection. 
Proposal 5. Define TM2 test with MCS 16 and TM9 test with MCS14.
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(a) TM2
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(b) TM3
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(c) TM9

Figure 1. PDSCH demodulation performance of CRS-IM receiver
3. Conclusions

In this contribution, we provided our view on remaining issues on test framework and simulation results to determine MCS for non-TM10 tests.  Our observations and proposals are
Observation 1. RAN4 already specified comprehensive robustness test for CRS-IM receiver in FeICIC WI. 

Proposal 1. Don’t introduce robustness test in Rel-13 CRS-IM WI. 

Proposal 2. Reuse interference cell PDSCH transmission parameters from Rel-11 MMSE-IRC WI. 

Proposal 3. Apply 2x2 EVA5 low correlation channel to both serving and interference cells.
Proposal 4. Determine performance requirement with only one cell interference mitigation. 

Proposal 5. Define TM2 test with MCS 16 and TM9 test with MCS14.
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