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1	Introduction
A new work item “CRS Interference Mitigation for LTE Homogenous Deployments” was approved in RAN#66. As described in WI scope, DM-RS based transmission modes (including TM9 and TM10) should be covered on this WI.
In RAN4#75 meeting, a way forward was agreed for TM10 CRS-IC demodulation test in [1]:
· Generic CRS-IC is assumed as the reference receiver for TM10 operation.
· For TM 10, non-colliding CRS is assumed, wherein the CRS between serving and dominant aggressor/interfering cell as well as CRS between dominant aggressor/interfering cells are assumed to be non-colliding.
· For UE to support TM10, when TM10 is configured, not only the CRS explicitly indicated in the Rel-11 CRS assistance information can be cancelled, but also the CRS implicitly indicated in the COMP related signalling can be removed.
· Consider DPS or DPB in the test setup for TM10. 
In last RAN4 meeting, due to no consensus for the necessity of introducing robust test case, no further agreement was reached for CSI-IM demodulation performance requirements.
In this contribution, we provide initial simulation results and discuss open issues for CRS-IM demodulation test cases.
2 Analysis 
Non TM-10 mode
For non-TM10 mode, such test cases were agreed for gain test:
· TM9/TM9/TM9
· At least one CRS-based transmission mode among the following TMs: 
· TM2/TM3/TM3 
· TM3/TM3/TM3 
· TM4/TM4/TM4
Regarding MCS levels, MCS 14,16and 18 was proposed to further evaluate and down select. Initial simulation results for TM9 with different MCS levels were shown in figure 1~3 below based in the simulation parameters as summarized in table 1.
[bookmark: _Ref419662872]Table 1: Simulation parameters for TM9
	
	TP1
	TP2
	TP3

	Resource utilization
	N/A
	20%
	20%

	INR
	N/A
	10.45 dB
	4.6 dB

	Channel mode
	EVA 5
	EVA 5
	EVA 5

	Transmission mode
	TM9
	TM9
	TM9

	MCS
	MCS=14,16,18
	64QAM
	64QAM

	Rank
	Rank 1
	Rank 1 and Rank 2 is with probability 0.2 and  0.8, respectively
	[bookmark: _GoBack]Rank 1 and Rank 2 is with probability 0.8 and  0.2, respectively

	Time offset
	0 us
	3 us
	-1 us

	Frequency offset
	0 Hz
	300 Hz
	-100 Hz
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Figure1: Relative Throughput vs. SNR for TM9 MCS14
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Figure2: Relative Throughput vs. SNR for TM9 MCS16
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Figure3: Relative Throughput vs. SNR for TM9 MCS18
The reference SNR points for 70% relative throughput were summarized in table 2 below:
[bookmark: _Ref419708098]Table 2: The target SNR@70% throughput and CRS-IC gain
	TM
	INR1
	INR2
	MCS
	CRS-IC
	w/o CRS-IC
	gain

	TM9
	10.45
	4.6
	14
	8.3
	11.5 
	3.2

	
	10.45
	4.6
	16
	9.9 
	13.3
	3.4

	
	10.45
	4.6
	18
	11.2
	13.9
	2.7


Based on above simulation results, all MCS options can ensure enough performance gap to distinguish different UE behavior. However, the operating SNR point for MCS14 is more close to system evaluation outcome.
Proposal1: Choosing MCS 14 for TM9 gain test.
TM10 mode
TP configurations
As discussed in last meeting, two test cases were considered for TM10:
· Test Case 1: Fixed TP:PDSCH is static scheduled from non-serving TP within CoMP set 
· Test case 2: DPS :i.e., TP for PDSCH transmission is dynamically changed between two TPs within CoMP set
Considering DPS test is feasible for UE group which supporting multiple CSI processes. Then if we introduce DPS test case, we also need to introduce another fixed transmission point test for UEs which cannot support multiple CSI processes. For test case applicable, two options can be further considered:
· Option1: Introduce both DPS test and fixed transmission TP test and apply corresponding test case based on UE capability whether supporting multiple CSI process. Each group of UEs only need to pass one test case.
· Option2: Only introduce fixed transmission TP test case in spec and all types of UE pass this test case.
For DPS test case, the basic ideal is reusing existing TM10 DPS test, PDSCH transmission point dynamic switched between TP1 (serving cell) and TP2 (Pico) in per-TTI, and additional TP3 (out of CoMP transmission sets) was introduced as interference cell. Considering, RAN4 demodulation test is fixed MCS and FRC test, if there is power imbalance between transmission TPs (TP1 and TP2) , it’s difficult to define performance requirements with reference SNR points and hard to align simulation results from different companies. Furthermore, considering the purpose of introducing TM10 test case is to verify proper UE implementation with generic CRS-IC under TM10 mode. Test case with fixed transmission TP already fulfilled such test case. Considering RAN4 work load and test effort, we prefer introduce only fixed TP test case.
Proposal2: For TM10 test case applicable, only introduce fixed transmission TP test case in spec and all types of UE pass this test case.
CRS-IC capability
During Rel-11, there is no consensus to introduce serving cell only CRS-IC in TM10. The major concern is lack of CRS assistance information and questionable performance gain with SC-CRS-IC only. However, majority companies prefer further study more generic CRS-IC for CoMP under Rel-13. During Rel-11 CoMP WI, many companies’ results were shown that generic CRS-IC can bring much gain compared to serving cell only CRS-IC. Our system results in [3] also show the same observation, two cells generic CRS-IC can bring much gain compared to strongest interference cell only and serving cell only CRS-IC. It’s preferred to verify proper UE implementation with upper to 2 cells generic CRS-IC since it’s important to ensure system performance under CoMP transmission schemes. For number of interference cells to cancel, both in FeICIC WI and in study item phase for CRS-IM in homogenous network, upper to 2 cells was taken as the baseline assumption. 
Considering both system performance gain and UE implementation complexity, we propose:
Proposal3: Taking upper to 2 cells generic CRS-IC as the baseline assumption for introduce TM10 test cases. 
As point out in [4], with agreed interference profile i.e., [INR1, INR2] = [10.45, 4.6], it’s difficult to distinguish different UE behavior and verify UE can cancel CRS interference from cell in CoMP transmission set and interference cell out of CoMP transmission set.
It’s proposed to shift interference levels of the second interference cell i.e. 4.6+X dB offset to achieve test purpose as mentioned above.
In order to choose proper interference profiles, we evaluate TM10 performance with different UE behaviour under interference profile such case:
· Case1: [INR1, INR2] = [10.45, 4.6] dB (X=0 dB)
· Case2: [INR1, INR2] = [10.45, 6.6] dB (X=2 dB)
· Case3: [INR1, INR2] = [10.45, 8.6] dB (X=4 dB)

Initial simulation results for TM9 with different interference profiles  were shown in figure 4~6 below based in the simulation parameters as summarized in table 3.
Table 3: Simulation parameters for TM10
	
	TP1
	TP2
	TP3

	Transmission hypothesis
	Serving cell
	PDSCH transmission TP
	Interference cell out of CoMP transmission Set

	Resource utilization
	20%
	NA
	20%

	INR
	10.45 dB
	NA
	4.6 dB
4.6 +2 dB
4.6+ 4dB

	Channel mode
	EPA
	EVA 5
	EVA 5

	Transmission mode
	TM10
	TM10
	TM10

	MCS
	64QAM
	14
	64QAM

	Rank
	Rank 1 and Rank 2 is with probability 0.2 and  0.8, respectively
	Rank 1 and Rank 2 is with probability 0.2 and  0.8, respectively
	Rank 1 and Rank 2 is with probability 0.8 and  0.2, respectively

	Time offset
	0 us
	2 us
	-1 us

	Frequency offset
	0 Hz
	200 Hz
	-100 Hz
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Figure4: Relative Throughput vs. SNR for TM10 [INR1 INR2] = [10.45 4.6] dB

[image: ]
Figure5: Relative Throughput vs. SNR for TM10 [INR1 INR2] = [10.45 6.6] dB
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Figure6: Relative Throughput vs. SNR for TM10 [INR1 INR2] = [10.45 8.6] dB
Figure3: Relative Throughput vs. SNR for TM9 MCS18
The reference SNR points for 70% relative throughput were summarized in table 4 below:
Table 4: The target SNR@70% throughput and CRS-IC gain
	TM
	INR1
	INR2
	MCS
	2 cell CRS-IC
	1 cell CRS-IC
	w/o CRS-IC

	TM10
	10.45
	4.6
	14
	8.2
	9.0
	11.2

	
	10.45
	6.6
	14
	8.3
	9.6
	11.6

	
	10.45
	8.6
	14
	8.5
	10.2
	12.0



Based on above simulation results, we can observe that:
· With [INR1 INR2 = [10.45 4.6] dB, 2 cell CRS-IC compared to 1 cell CRS-IC can only bring 0.8 dB around additional gain.
· With [INR1 INR2 = [10.45 6.6] dB, 2 cell CRS-IC compared to 1 cell CRS-IC can bring 1.3 dB around additional gain.
· With [INR1 INR2 = [10.45 6.6] dB, 2 cell CRS-IC compared to 1 cell CRS-IC can bring 1.7 dB around additional gain.
Based on above observations, in order to distinguish UE behaviour, 
Proposal4: Setting interference profiles as [INR1 INR2] = [10.45 6.6] dB for TM10 test.
3 Conclusion
In this contribution, we provide analysis to address open issues for test set-up of CRS-IM demodulation test case. Based on evaluation and analysis, below proposals were given:
Proposal1: Choosing MCS 14 for TM9 gain test.
Proposal2: For TM10 test case applicable, only introduce fixed transmission TP test case in spec and all types of UE pass this test case. 
Proposal3: Taking upper to 2 cells generic CRS-IC as the baseline assumption for introduce TM10 test cases. 
Proposal4: Setting interference profiles as [INR1 INR2] = [10.45 6.6] dB for TM10 test.
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