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[bookmark: _Ref298777854]Introduction
In [1], WF on CRS-IM PDSCH demodulation (non-TM10) was agreed. Based on the agreements, the interference level of aggressor cells and the resource utilization for each aggressor cells were agreed. But there are still some open issues for PDSCH demodulation. In this paper, we share our view for these open issues. 
General setup for PDSCH CRS-IC test
Discussion on test case list
In RAN4#76bis meeting, we have the following agreements:
· For non-TM10 case, the test cases defined for gain test are defined for the following transmission modes:
· TM9 and TM4
Considering robustness test and TM10 test, there are 4 test cases in total as shown in Table 1.
[bookmark: _Ref434852202]Table 1: Test case list 
	Test case
	TM
	Test purposes

	1
	TM4
	· To achieve MMSE-IRC+CRS-IC gain
· To cover close loop MIMO

	2
	TM9
	· To achieve MMSE-IRC+CRS-IC gain
· To cover DMRS based scheme

	3
	TM10
	· Specified in other companion paper

	4
	TM3
	· To achieve robustness test



One main controversial part related to this test case list is the robustness test. For robustness test, as shown in [6], majority companies do see the necessities to have the robustness test, only minority companies prefer not to have it. The main concern from the minorities is the total test number. With only 2 test cases defined for the gain test, the total test number is reasonable. Hence, we prefer to adopt Table 1 as the final test case list for this work item. 
Proposal 1: Adopt Table 1 as the test case list. 
Further discussion on the performance requirements for the gain test
MCS for serving cell
In RAN4#76bis meeting, MCS for TM9 was decided. MCS for TM4 is still open. In Table 2, the target SNR@70% throughput and the gain of 2-cell CRS-IC over 0-cell CRS-IC gain is tabulated. The link level simulation results are shown in Appendix C. From Table 2, we can see that the gain for CRS-IC is very similar for different MCS options for FDD. It is about 2 dB.  For TDD, the gain is a bit lower. For MCS=18 (TDD case) there is only 1.23 gain.  From the TDD performance point of view, MCS18 is not suitable for the MCS setup. 
According to another agreeable principle for the final MCS decision is: 
· The target SNR shall refer to the interference profile derived from system level evaluation. 
According to the system level simulation given in 36.863, the serving cell SNR shall be around 9 dB. Considering the implementation margin, MCS16 is a proper choice. 
[bookmark: _Ref431840611]Table 2: The target SNR@70% throughput and the 2-cell CRS-IC gain
	TM
	MCS
	2-Cell 
CRS-IC
	1-Cell
 CRS-IC
	No CRS-IC
	gain

	TM4(FDD)
	MCS9
	2.275 
	2.903 
	4.727 
	2.45 

	
	MCS14
	5.819 
	6.335 
	7.769 
	1.94 

	
	MCS16
	7.357 
	8.020 
	9.366 
	2.00

	
	MCS18
	8.674 
	9.188 
	10.584 
	1.91 

	TM4(TDD)
	MCS9
	2.436 
	3.214 
	4.893 
	2.46 

	
	MCS14
	6.812 
	7.276 
	8.509 
	1.70 

	
	MCS16
	8.082 
	8.551 
	9.813 
	1.73 

	
	MCS18
	9.894 
	10.217 
	11.122 
	1.23 



Hence, we prefer to set MCS16 for TM4 test. 
Proposal  2:  MCS=16 is used for TM4 test. 
Performance requirements based on 1-cell CRS-IC vs 2-cell CRS-IC
For the performance requirements, there are several options:
· Option 1: Companies can provide both 1-cell CRS-IC and 2-cell CRS-IC results for alignment and decided the requirements based on the aligned results
· Option 2: Defined performance requirements based on 1-cell CRS-IC
From Rel-11 FeICIC, 2-cell CRS-IC is assumed for the performance requirements. It is mandatory for all Rel-11 UEs. Rel-13 UE shall inherit these implementations and even enhance it. In CRS-IM, it is nature to consider 2-cell CRS-IC. 
For option 2, the main concern is UE may need to perform synchronization signal cancelation and/or common channel interference cancelation to acquire the neighbor cell. Synchronization signal/common channel interference cancellation is not a new feature, since synchronization signal and common channel interference handling is mandatory in Rel-11 along with CRS-IC. 
In order to save computation power, Rel-11 synchronization and common channel interference handling may be simplified in homogeneous network scenarios. However, since the serving cell’s synchronization signal and common channel is pre-known. The complexity to cancel serving cell’s synchronization signal and common channel is trivial. Assuming the serving cell’s synchronization and common channel is cancelable by nature, the side condition for the weaker aggressor cells are:

This level is reliable to detect the weaker cell even without complex synchronization signal and common channel cancellation. 
Another possible way to relax the dependence on the cell acquisition is to revise the interference level for the weaker cell. Although it is a bit artificial, it can exclude bad UE implementation and guarantee all the UEs can achieve good performance. 
Proposal  3: The performance requirements for the gain test are based on 2-Cell CRS-IC. To relax the dependence on the cell acquisition, it is possible to revise the interference level for the weaker cell. 
Performance requirements for the gain test
In the Appendix C, link level simulation results for TM9 MCS=14 and TM4 MCS=16 are given. Based on the results, the target SNRs@70% throughput based on 2-cell CRS-IC are tabulated in Table 3. The corresponding impairment results are given as well. 
[bookmark: _Ref434862065]Table 3: ideal simulation results and the corresponding results with impairment
	
	Ideal simulation results
(dB)
	Simulation results with impairment (dB)

	TM9 (FDD)
	8.57
	10.07

	TM9 (TDD)
	8.73
	11.23

	TM4 (FDD)
	7.35
	8.85

	TM4 (TDD)
	8.08
	9.58



Robustness test
Discussion on the necessity of robust test
It is well known that any interference cancelation schemes may get performance loss if the interference cancelation is not properly handled. Hence, in FeICIC and NAIC WI, robustness tests are introduced to avoid the performance loss due to improper interference cancelation. In Appendix B, simulation results based on direct CRS interference cancellation are given to illustrate the potential problems for the CRS-IC.
In [5], it is believed the robustness test in the FeICIC can cover the robustness test for CRS-IM. It is not true. The differences lie in the following aspects: 

Interference characteristics are different
To illustrate the CRS-IC problem, one simple receiving model can be given by

where , and  is the channel model for the serving cell, the first aggressor cell and the second aggressor cell, respectively.  are the PDSCH presence indicator for the aggressor cell. If the PDSCH is present, , otherwise, ;  and  are the transmitted signal from the serving cell, the first aggressor cell, and the second aggressor cell. is the while noise with the variance . 
For serving cell channel estimation, the SINR is by

And for the channel estimation of the first aggressor cell and the second aggressor cell, the  is given by


When serving cell SNR is very high,  and  will be very low, the quality of CRS estimation becomes very worst. When the CRS is removed directly, the residual interference may even larger than CRS interference itself. Hence, for high serving cell SNR, it may have performance loss. 
In FeICIC scenarios,  and  are always zero. Hence, one aggressor cell signal transmission will not impact on the CRS estimation of other aggressor cells. However, in homogeneous scenarios, not only the serving cell signal strength impact on the CRS estimation quality, but also one aggressor cell’s signal transmission may impact other aggressor cell’s CRS estimation, since 


Here, the resource utilization is assumed to be 0.2 for all the aggressor cells. In Table 4, we summarize the interference condition for CRS cancelation. 
[bookmark: _Ref419706211]Table 4: Interference condition for CRS cancelation
	TP2                                       TP3
	CRS only
	CRS + PDSCH

	CRS only
	Case 1
	Case 2

	CRS+PDSCH
	Case 3
	Case 4



In FeICIC, only Case 1 is verified. Case 2, case 3 and Case 4 are not verified, since only the performance for ABS protected subframes are defined in FeICIC WI. However, in Homogeneous network, it is much more important to have robustness test. In homogenous network, in most cases, the aggressor signal is much weaker than the serving cell signal. As above analysis, it is really challenge to achieve pretty good performance when the interference is weaker. Secondly, the load in aggressor cell is quite dynamic. In some time interval, it may be full load, and in other time interval, it may be no load. It is different from FeICIC, where ABS can be always assumed. For this dynamic interference condition, if the CRS interference is not properly handled, it is easier to lead some performance loss, which is not desirable from network side. 
Observation 1:  Robustness test in FeICIC only covers partial interference scenarios of Homogeneous network, it is valuable to introduce robustness test in homogenous scenarios. 

The availability of Interference information is different 
In Rel-11, ABS information is known to UE. UE can utilize this information for performance enhancement. For example, with the ABS information, it can have the following potential enhancement:
· AGC enhancement
· Since the dynamic range of ABS protected subframes and non-ABS protected subframes is large, with this enhancement, the performance can be improved.
· Channel estimation/noise estimation enhancement 
· …
But in Rel-13, all these enhancements depended on the availability of ABS information may be not valid any more. It may lead to new problem for the robustness. 
Observation 2: The enhancement in Rel-11 may be not valid any more for Rel-13 if the enhancements implemented in Rel-11 depend on the availability of ABS information.  It may lead to new problem for the robustness.
Based on Observation 1 and observation 2, it is really necessary to have robust test in Rel-13 CRS-IM. 
Proposal  4:  Introduce TM3 as robustness test for CRS-IM WI.
Setup for the robustness test
In [1], for the robustness test, the group had the following agreements:
· Interference profile for the robustness test
· The 1st set
· [INR1,INR2] = [0.19, -1.62]
· Resource utilization on the aggressor cells for robustness test: 50%
· Transmission mode: TM3
Other link level simulation assumptions are shown in Appendix A. For different MCS, the simulation results are shown in Figure 1~Figure 4. 
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[bookmark: _Ref431840516][bookmark: _Ref431840511]Figure 1: MCS=9 for TM3
[image: ]
Figure 2: MCS=14 for TM3 test
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Figure 3: MCS=16 for TM3 test
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[bookmark: _Ref431840529]Figure 4: MCS=18 for TM3 test
The required SNR for different MCS are tabulated in Table 5. From Table 5, the required SNR for the serving cell of all the MCSs are much higher than the aggressor cells’ interference level. Under this condition, it increases the challenge to get accurate CRS estimation. Hence, any one of them is proper to set as the MCS. 
[bookmark: _Ref431840618]Table 5: Required target SNR for different MCS in robustness test
	INR1
	INR2
	Mod
	0-cell CRS-IC
	1-cell CRS-IC
	2-Cell CRS-IC

	0.19 
	-1.62 
	MCS9
	8.99 
	8.87 
	8.79 

	0.19 
	-1.62 
	MCS14
	13.19 
	13.13 
	13.11 

	0.19 
	-1.62 
	MCS16
	15.16 
	15.14 
	15.14 

	0.19 
	-1.62 
	MCS18
	16.53 
	16.55 
	16.55 



Proposal 5:  Any one of MCS9, MCS14, MCS16 and MCS18 can be set as the MCS for the robustness test. 
Conclusion
In this paper, we provide our analysis for the open issues for non-TM10 case in CRS-IM, we have the following proposals:

Proposal 1: Adopt Table 1 as the test case list. 
Proposal  2:  MCS=16 is used for TM4 test. 
Proposal 3: The performance requirements for the gain test are based on 2-Cell CRS-IC. To relax the dependence on the cell acquisition, it is possible to revise the interference level for the weaker cell. 
For the robustness test, we have the following observations:
Observation 1:  Robustness test in FeICIC only covers partial interference scenarios of Homogeneous network, it is valuable to introduce robustness test in homogenous scenarios. 
Observation 2: The enhancement in Rel-11 may be not valid any more for Rel-13 if the enhancements implemented in Rel-11 depend on the availability of ABS information.  It may lead to new problem for the robustness.
Based on these observations, we propose to have:
Proposal  4:  Introduce TM3 as robustness test for CRS-IM WI.
Proposal 5:  Any one of MCS9, MCS14, MCS16 and MCS18 can be set as the MCS for the robustness test. 


Appendix A: Test setup for TM3 (robustness test)
[image: ]

Appendix B: Potential performance degradation for CRS-IC
As one example, in Figure 5, it shows the throughput performance of CRS-IC cancelling 0/1/2 aggressor cells. In the simulation, two aggressor cells are considered; both of them are with non-colliding CRS with the victim cells. The ratio of interference to noise (INR) is 9 dB for the 1st strongest interference, and 1 dB for the second strongest interference. Here, the noise includes all the interference and noise exclude the 1st strongest interference and second strongest interference. Two antenna ports and 10 MHz are assumed in the simulation, and the cell ID and number of ports are pre-known. In the CRS-IC receiver, CRS interference is assumed to be cancelled directly after channel estimation.  For simplicity, only CRS is transmitted from the aggressor cell. 
From the simulation results, in low SNR, the CRS-IC can provide much benefit for PDSCH. However, in medium or high serving cell SNR (Signal over noise ratio) range, CRS-IC brings large performance loss. For high SNR range, serving cell signal is far strongest than aggressor cell. Since non-colliding case is assumed in this case, aggressor cell’s CRS is colliding with the serving cell’s data. For aggressor cell’s channel estimation, serving cell’s data are interference. Hence, strongest serving cell signal will deteriorate the aggressor cell’s channel estimation. As a result, CRS-IC will bring performance loss in high SNR region if CRS-IC is not properly implemented. To avoid this problem, FeICIC define the robustness test to avoid such problem. This problem would become more challenge for homogeneous scenarios. 
[image: ]
[bookmark: _Ref335220777]Figure 5: Throughput comparison with CRS-IC cancelling 0/1/2 aggressor cells for INR=9 dB and INR=1 dB
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Figure 6: Throughput comparison with CRS-IC cancelling 0/1/2 aggressor cells INR=11 dB and INR=-2 dB
Appendix C
Performance for TM9
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Figure 7: MCS=14 (FDD)
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Figure 8: MCS=14 (TDD)
Performance for TM4
[image: ]
Figure 9: MCS=14 (FDD)
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Figure 10: MCS=16 (FDD)
[bookmark: _GoBack][image: ]
Figure 11: MCS=18 (FDD)
[image: ]
Figure 12: MCS = 14 (TDD)
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Figure 13: MCS = 16 (TDD)
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Figure 14: MCS = 18 (TDD)
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