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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 last RAN4 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 this contribution, we provide analysis to address open issues for test set-up of TM10 test case:
· Issue 1: Interference profiles
· Issue 2: UE CRS IC capability
· Issue 3: Cells/TPs configuration
· Issue 4: MCS and RU selection
2 Analysis 
Interference profiles
For interference modeling, it’s agreed the following options can be considered as start point:
· Option 1: The interference modeling is derived based on the available results for homogeneous network.
· Option 2:  Run new system level simulation for TM10 to extract the interference modeling
· Both scenario 1 and scenario 3 are simulated
· The CoMP system-level simulation assumptions given in section A.1 of 36.819 is reused for the system level simulation.
In our companion contribution [2], we provide system simulation results of interference profiles for both CoMP scenario1 and scenario3. Based on our simulation results, we can observe than interference profiles for CoMP scenario1 in table 1 of [2] was aligned with the average results summarized in chapter 6.3.2 of TR 36.863 for CRS-IM in study item. It’s in line with the theory since CoMP scenario1 was also homogeneous network deployment.
Obseravtion1: Interference profiles of option2 with CoMP scenario 1 are consistent with option1.
Furthermore, considering the objective of this work item is target for homogenous network, we prefer:
Proposal1: taking option1 to decide interference profiles i.e. the interference modeling is derived based on the available results for homogeneous network.

UE 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. Since above concern has already resolved, it’s preferred assuming generic CRS-IC as the reference receiver for TM10 operation. 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.
In table 1 below, we evaluated the probability of UEs located in macro and Pico and the probability of serving cell (Macro) is the most 2 strongest interference cell sets for Pico UEs under CoMP scenario3. We can observe that the probability of serving cell (Macro) out of the most 2 strongest interference cell sets for Pico UEs is around 60%.
Table 1: Pico UE distribution 
	FTP model1
	Macro UE ratio
	Pico UE ratio
	Ratio of Serving cell is 1st strongest cell of Pico UE
	Ratio of Serving cell is 2nd strongest cell of Pico UE

	20% RU
	33.7%
	66.3%
	23.1%
	17.4%



Furthermore, we evaluated system performance gain under CoMP scenario3 with DPB transmission for different types of UE capability as show in table 2 and table 3 below:
· Serving cell CRS-IC only: Pico UE only cancel CRS interference from serving cell
· Generic CRS-IC with 2 cells: UE cancel CRS interferences from two strongest cells
· Generic CRS-IC with 1 cells: UE cancel CRS interferences from first strongest cell
Based on simulation results, we can observe that:
· Under 20% RU, for cell edge UE, two cell generic CRS-IC can bring additional 30% gain compared to one cell generic CRS-IC. One cell generic CRS-IC can bring additional 30% gain compared to serving cell CRS-IC only case.
· Under 20% RU, serving cell only CRS-IC can only bring marginal gain less than 5%.

Table 2: system performance gain for different CRS-IC capability with 20% RU
	
	FTP model 1: 20% RU

	CRS –IC Capability
	5% UE rate/Gain
	50% UE rate/Gain
	Mean UE rate/Gain

	No CRS-IC
	5744
	0.0%
	25272
	0.0%
	26498 
	0.0%

	Serving cell CRS-IC
	6009
	4.6%
	27109
	7.3%
	27772 
	4.8%

	one cell CRS-IC
	7939
	38.2%
	32536
	28.7%
	31430 
	18.6%

	Two cell CRS-IC
	9629
	67.6%
	36462
	44.3%
	34054 
	28.5%



Table 3: system performance gain for different CRS-IC capability with 60% RU
	
	FTP model 1: 20% RU

	CRS –IC Capability
	5% UE rate/Gain
	50% UE rate/Gain
	Mean UE rate/Gain

	No CRS-IC
	1795
	0.0%
	14143
	0.0%
	18152 
	0.0%

	Serving cell CRS-IC
	1923
	7.1%
	15026
	6.2%
	18826 
	3.7%

	One cell CRS-IC
	3186
	77.5%
	19788
	39.9%
	22546 
	24.2%

	Two cell CRS-IC
	4074
	127.0%
	22949
	62.3%
	24887 
	37.1%



Based on above simulation results and analysis, considering both system performance gain and UE implementation complexity, we propose:
Proposal2: Taking upper to 2 cells generic CRS-IC as the baseline assumption for introduce TM10 test cases. 
TP configurations
In last RAN4 meeting, [3] proposed detailed test set-up for TM10 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. One possible solution is as Rel-12 CoMP DPS test as specified in TS36.101 8.3.1.3.2, no power imbalance between TP1 and TP2. However it’s conflict with the assumption setting interference profiles based on system evaluation output. Another solution is fixed PDSCH transmission from TP2 and both TP1 (serving cell) and TP3 transmitting interference based on resource utilization. With solution 2, we can configure interference level for TP1 and TP3 based on system evaluation output.
Proposal3: For TPs/cells configuration, two options can be further considered
· Alternative1: As Rel-12 CoMP DPS test as specified in TS36.101 8.3.1.3.2, no power imbalance between TP1 and TP2, 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. When TP1 is selected as PDSCH transmission point, TP2 is blanked and vice versa. TP3 is served as interference cell with interference on/off based on the assumption of resource utilization.
· Alternative2: PDSCH is fixed transmission from TP2 and both TP1 (serving cell) and TP3 transmitting interference based on resource utilization. Power setting of TP1 and TP3 is configured based on system evaluation output.

MCS and RU selection
Proper MCS and RU values should guarantee enough performance gap to distinguish different UE capability, meantime reasonable SNR levels which is close to DIP profiles from system evaluation output should be considered.
In order to derive proper MCS and RU values, we conduct initial link-level simulation with different MCS and RU values. In our simulation, PDSCH is fixed transmitted from TP2, TP1 and TP3 served as interference cells. Interference modelling is based on option1 proposed in [4] “random full band (50PRB) on/off model, proportional to the average resource utilization in the interfering cells”. For interference profiles, MCS and RU configuration, we select below combinations based on system evaluation results in [2]:
· Case1: 10% RU, MCS 5,14,20, corresponding interference levels given table 4 below
· Case2: 30% RU, MCS 5,14,20, corresponding interference levels given table 5 below

Table 4: 1st, 10th and16th profiles for 10% RU
	Es/Iot
	TP1
	TP2
	TP3

	MCS 5 (Set 1)
	4.3 dB
	2.70 dB
	-0.56 dB

	MCS 14 (Set 10)
	10.18 dB
	10.66 dB
	6.05 dB

	MCS 20 (Set 16)
	16.26 dB
	17.92 dB
	11.10 dB



Table 5: 1st, 10th and16th profiles for 30% RU
	Es/Iot
	TP1
	TP2
	TP3

	MCS 5 (Set 1)
	2.75 dB
	0.83 dB
	-1.97 dB

	MCS 14 (Set 10)
	8.94 dB
	10.50 dB
	3.62 dB

	MCS 20 (Set 16)
	12.54 dB
	13.97 dB
	8.37 dB



In figure 1 and figure 2 below, we show relative throughputs vs. SNR for MCS5, 14, 20 with different UE capability. Based on simulation results, we can observe that:
· With 10% RU, performance gain with CRS-IC for MCS 5 is marginal less than 1 dB at 70% relative throughput point. Performance gain for MCS 14 is about 3 dB and the SNR required for achieving 70% relative throughput point is around 9.5dB for alignment simulation. For MCS20, SNR point for 70% relative throughput is out of evaluation SNR range and over 18dB. 
· With 30% RU, performance gain is less than 10% case i.e. for MCS 14, performance gap at 70% relative throughput is around 1.2dB.

Based on above observations, we propse that:
Proposal4: MCS 14 and RU 10% is most feasible to introduce performance test which can guarantee enough performance gap, meantime the reference SNR point is more close to system evaluation output. 
[image: ]
Figure1: Relative throughput vs. SNR under 10% RU
[image: ] Figure2: Relative throughput vs. SNR under 30% RU

3 Conclusion
In this contribution, we provide analysis to address open issues for test set-up of TM10 test case. Based on evaluation and analysis, below proposals were given for TM10 test set-up:
Proposal1: taking option1 to decide interference profiles i.e. the interference modeling is derived based on the available results for homogeneous network.
Proposal2: Taking upper to 2 cells generic CRS-IC as the baseline assumption for introduce TM10 test cases. 
Proposal3: For TPs/cells configuration, two options can be further considered
· Alternative1: As Rel-12 CoMP DPS test as specified in TS36.101 8.3.1.3.2, no power imbalance between TP1 and TP2, 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. When TP1 is selected as PDSCH transmission point, TP2 is blanked and TP3 is served as interference cell with interference based on the assumption of resource utilization.
· Alternative2: PDSCH is fixed transmission from TP2 and both TP1 (serving cell) and TP3 transmitting interference based on resource utilization. Power setting of TP1 and TP3 is configured based on system evaluation output.
Proposal4: MCS 14 and RU 10% is most feasible to introduce performance test which can guarantee enough performance gap, meantime the reference SNR point is more close to system evaluation output. 
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