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In RAN#66, LTE_CRSIM-Perf WI is approved [1]. In TR 36.863 [2], the CRS-IM performance is investigated. In this paper, we provide the overview for this WI. 
Consideration on Target scenarios
As described in [1], the target scenario is for a synchronized homogeneous network. Network deployment scenarios and interference modeling should be considered according to the conclusion and evaluation results of study item, e.g., the number of interfering eNodeBs to be considered, the interference model/profiles, low traffic load scenarios and synchronous network deployments. Based on the conclusion of 36.863 [2], RAN4 has concluded that moderate to significant throughput gain can be obtained for cell-edge UE by CRS-IM receiver in LTE homogeneous network under low traffic loading. Based on this, some key assumption could be:
· Single FFT
· Mitigates CRS interference of up to 2 cells
· No restriction on whether mitigated CRS interference is intra-/inter-site, under the assumption of synchronous networks
· The CRS assistance information, as specified for Release 11, is available for the UE
· For TM1~9, the CRS assistance information, as specified for Release 11, is available for UE
· For TM10, it is for FFS. 
· The MMSE-IRC detector is MMSE-IRC based receiver with interference covariance matrix estimation as defined in TR36.829 as the baseline receiver , and additionally with the following assumptions: 
· MMSE-IRC does not differentiate CRS or data interference when suppressing them.
· Cell id configuration
· RAN4 is to prioritize and initiate the work for non-colliding CRS 
· In the case of non-colliding CRS, the CRS between serving and dominant aggressor/interfering cell as well as CRS between dominant aggressor/interfering cells are assumed to be non-colliding.
· The case of colliding CRS should be studied, prior to decide to introduce associated requirement scenarios
· In the case of colliding CRS, the CRS between the serving and dominant aggressor/interfering cells and/or CRS between dominant aggressor/interfering cells are assumed to be colliding.
· Interference modelling: 
· Partial load shall be modelled. 
· In the study item phase, two models are used for the partial load modelling:
· Option 1: ON/OFF pattern depends on the Possion distribution
· Option 2: Random full band (50PRB) on/off model, proportional to the average resource utilization in the interfering cells; 
In study item phase, option 1 is used. The reason to use option 1 is link adaptation is used for the link level evaluation. In case Link adaption is used, option 1 and option 2 may have different results. However, in the work item phase, FRC (fixed reference channel) may be used for test simplification. In case FRC is used, option 1 and option 2 will lead to the similar results. In order to simplify the test setup, option 2 may be a proper choice. 
	
Consideration on Test purpose
CRS-IC performance has been defined in FeICIC. However, in FeICIC, the performance is defined for ABS protected subframe only. No any performance requirements were defined for non-ABS subframes. Further, in FeICIC, the ABS related signaling is provided as:
· ABS pattern
· RLM/RRM Measurement Subframe Pattern
· CSI Subframe Sets
However, in homogenous network, these signaling are not available. 
In order to differentiate the receiver with CRS-IC and the receiver without CRS-IC, the side condition shall be set so that enough gain with CRS-IC shall be observed. Based on this observation,  we can have this following purpose:
· Purpose 1: To achieve CRS-IC gain in all subframes under low partial load under homogeneous scenarios. 
As well known in FeICIC studied, without proper CRS-IC, the performance may be even degraded when CRS-Assistance information is provided and the interference condition is not favorable for CRS-IC. For example, when interference level of the aggressor cell is very weak compared with serving cell. Hence, in FeICIC, one test case is proposed to verify UE to have the right fall back solution in case the interference condition is not favorable for CRS-IC. For homogenous network, these conditions may be more frequently happened. Hence, it is necessary to verify UE to fall back to MMSE-IRC receiver without any performance degradation. Hence, for CRS-IM, the second purpose shall be set:
· Purpose 2: When the interference condition is not favorable for CRS-IC, there is no performance loss when CRS assistance information is provided. 
For CRS-IC, it not only impacts on the demodulation performance, it also impacts on the CSI accuracy. For CSI accuracy, it is not verified in FeICIC. Hence, it is necessary to have CSI test to guarantee the CSI accuracy. It is also known that it is challenge to test CSI when the partial load is configured. In the companion paper [4], how to setup the CSI test is proposed for the discussion. 
· Purpose 3: To have accurate CSI feedback when CRS-IC is enable for partial load 
Considerations on test / simulation parameters
To meet the first purpose, we can achieve it with the side condition setup. For side condition setup, two principles may be followed:
· Principle 1: The side condition is better to reflect the target scenarios. 
· Principle 2: With the side condition, the receiver with CRS-IC and without CRS-IC can be differentiated. 
For TM1~TM9, the side condition has been extensive studied in study item phase. In [2], when the resource utilization is 30%, the average  and  for the 5%-tile Geometry is given in Table 1. 
[bookmark: _Ref410055185]Table 1: Average of the evaluation results on 5%-tile Geometry when RU=30% (Refer to Table 6.3.2-4 of [2])
	Set
	
	
	

	1
	1.340471
	-0.73621
	3.066401

	2
	3.922121
	0.993835
	4.484912

	3
	5.187652
	1.922775
	5.238305

	4
	6.05476
	2.421963
	5.779836

	5
	6.898605
	3.003966
	6.321041

	6
	7.553384
	3.273023
	6.799797

	7
	8.160243
	2.876637
	7.058987

	8
	8.630169
	3.315201
	7.446207

	9
	9.124317
	3.271485
	7.711411

	10
	9.693093
	3.685917
	8.182885

	11
	10.19666
	3.780769
	8.552738

	12
	10.78737
	5.862466
	9.369883

	13
	11.30776
	5.396398
	9.583789

	14
	11.96284
	6.454303
	10.30369

	15
	12.76359
	7.823391
	11.21865

	16
	13.99194
	9.088526
	12.36336

	17
	15.3589
	10.74759
	13.76737

	18
	17.44036
	13.573
	16.01893

	19
	21.18595
	19.28102
	20.15115

	20
	29.049
	27.70898
	28.10518



For the interference level, when the interference is lower, the gain is smaller, when the interference level is higher, the gain is larger. When the interference is too higher, and accordingly the serving cell SNR is higher too. In this case, the EVM may be dominated for the interference and noise part.  When the interference is too lower, the CRS-IC gain is neglectable. Taking account these two aspects, the 10th bin may be a proper choice for the side condition setup. 
The above setup may be feasible for PDSCH. However, for control channel, more discussion may be needed. Since PDCCH/PCFICH, the target serving cell SNR is very lower. If the first principle is strictly followed, the CRS-IC gain may be not so visible. Two options may be considered: 
· Option 1: keep the same as PDSCH (satisfied Principle 1, not principle 2)
· Option 2: Keep it lower than PDSCH. e.g, INR1=1.34 and INR2=-0.74 dB (satisfied principle 2, not principle 1)
For these two options, company can provide input in the next meeting based on more investigation. 
Hence, for the side condition, we have the following proposals:
· For PDSCH, INR1=9.7 dB, INR2=3.7 dB, the serving cell SNR is about 8.2 dB (based on system level simulation in SI), the RU of interference cells are 30%. 
· For PDCCH/PCFICH and PHICH, the interference level is:
· Option 1: keep the same as PDSCH (satisfied Principle 1, not principle 2)
· Option 2: Keep it lower than PDSCH. e.g, INR1=1.34 and INR2=-0.74 dB (satisfied principle 2, not principle 1)

Consideration on test case list
In FeICIC, the following test cases were introduced:
· Control channel
· PDCCH/PCFICH, 
· PHICH
· PDSCH performance
· TM3
· TM2
· TM6
· TM9 
· CSI
· CQI reporting under AWGN conditions
· Frequency-selective scheduling mode
· Reporting of Rank indicator
For FeICIC PDSCH test, two TM3 test cases are introduced, one is introduced to verify Rank 2 performance, one is introduced to verify the fall back performance in case the interference condition is not favorable for the CRS-IC. In order to reduce the test case, maybe TM3 can be introduced only for the fall back performance in case the interference condition is not favorable for the CRS-IC. TM2 is introduced to verify the CRS-based open loop transmission scheme. 
In FeICIC, test case for TM6 is introduced. The purpose is to verify the close loop MIMO performance. Similar test can be reused here. 
In FeICIC, test case for TM9 is introduced. The purpose is to verify the DMRS-based transmission scheme. In CRS-IM WI, similar test can be reused here. 
Besides that, TM10 with CRS-IC have been extensively discussed in Rel12 but no performance test is defined for the generic CRS-IC. Hence, it is necessary to have demodulation test for TM10. 
For CSI test, if one test case can serve all the CSI test purpose, we can just use one CSI test to verify all the related part. In summary, we propose to have the following test:
· Control channel
· PDCCH/PCFICH, 
· PHICH
· PDSCH performance
· TM2  (CRS-based open loop transmission scheme)
· TM3 (To verify the fallback performance when the interference condition is not favorable for CRS-IC )
· TM6 or TM4 (one close loop MIMO schemes is selected)
· TM9 (DMRS based scheme is selected)
· TM10
· CSI
· Initial proposal: PUSCH 3-0 with subband blanking in interference cell
Suggested work plan
According to the WI description [1], we suggest to have the following work plan:
· TSG RAN4 #74 (Feb. 2015): Framework discussion and simulation assumption discussion
· TSG RAN4 #74 bis (Apr.. 2015): Framework and simulation assumption agreed
· TSG RAN4 #75 (May. 2015): Review of initial simulation results, agreements on further simulations, framework finalized
· TSG RAN4 #76 (Aug. 2015):  Review of simulation results and simulation results alignment
· TSG RAN4 #76bis (Oct. 2015):  Review of simulation results with implementation margin and draft CRs
· TSG RAN4 #77 ( Nov. 2015): Review of additional results, finalization of requirements scenarios
· TSG RAN4 #78  (Feb. 2016):  Agreement of CRs, conclusion of new performance requirements
Conclusion
In the contribution, we propose to have the following test purpose:
Purpose 1: To achieve CRS-IC gain in all subframes under low partial load under homogeneous scenarios.
Purpose 2: When the interference condition is not favorable for CRS-IC, there is no performance loss when CRS assistance information is provided.
Purpose 3: To have accurate CSI feedback when CRS-IC is enable for partial load 
The side condition could be 
· For PDSCH, INR1=9.7 dB, INR2=3.7 dB, the serving cell SNR is about 8.2 dB (based on system level simulation in SI), the RU of interference cells are 30%. 
· For PDCCH/PCFICH and PHICH, the interference level is:
· Option 1: keep the same as PDSCH (satisfied Principle 1, not principle 2)
· Option 2: Keep it lower than PDSCH. e.g, INR1=1.34 and INR2=-0.74 dB (satisfied principle 2, not principle 1)
The test case list could be:
· Control channel
· PDCCH/PCFICH, 
· PHICH
· PDSCH performance
· TM2  (CRS-based open loop transmission scheme)
· TM3 (To verify the fallback performance when the interference condition is not favorable for CRS-IC )
· TM6 or TM4 (one close loop MIMO schemes is selected)
· TM9 (DMRS based scheme is selected)
· TM10
· CSI
· Initial proposal: PUSCH 3-0 with subband blanking in interference cell
Reference
[1]. [bookmark: _Ref409703718]RP-142263, New Work Item proposal: Perf. Part: CRS Interference Mitigation for LTE Homogenous Deployments, Ericsson, Dec. 2014. 
[2]. [bookmark: _Ref409704001]TR 36.863, Study on Cell-specific Reference Signals (CRS) interference mitigation for homogenous deployments of LTE (Release 12), Dec. 2013. 
[3]. 3GPP TR 36.829, "Enhanced performance requirement for LTE User Equipment (UE) "
[4]. [bookmark: _Ref410054328]R4-xxxxx, Consideration on simulation setup for CRS-IM CSI, Ericsson, Feb, 2014. 
	6/6	
