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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 and control channel demodulation. In this paper, we share our view for these open issues. 
Discussion
General setup for PDSCH CRS-IC gain test
Channel model and transmission mode for aggressor cell
In [1], some concern is raised for the aggressor cell’s channel model and transmission mode. The main concern is since CRS-IC+IRC receiver is used, the gain may be different for white interference and color interference. In Figure 1and Figure 2, TM2 and TM9 are simulated. In the simulation, two cases are simulated for each transmission mode. The detail parameters are shown in Table 1. 
[bookmark: _Ref419662872]Table 1: Simulation parameters
	
	TP1
	TP2
	TP3

	Resource utilization
	N/A
	20%
	20%

	INR
	N/A
	10.45 dB
	4.6 dB

	Channel mode
	EVA 5
	Case  1: Static channel
Case 2: EVA 5
	Case 1: Static Channel
Case 2: EVA 5

	Transmission mode
	TM2 or TM9
	Case 1: TM3
Case 2: The same transmission mode as TP1
	Case 1: TM3
Case 2: The same transmission mode as TP1

	MCS
	MCS=14
	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



From Figure 1 and Figure 2, we can see that the interference model have very margin impact on the performance. The CRS-IC gain is not changed with different interference model. For fading channel, it is more practical. Hence, we slightly prefer to use fading channel. For the transmission mode, if we consider the aggressor cell use the same transmission mode as the transmission point. For different transmission mode, different OCNG in aggressor cell would be defined. It may be a bit complex. One simple way is use the same OCNG for all the test cases. 
[image: ]
[bookmark: _Ref419662098]Figure 1: Serving cell is TM2 and aggressor cells are with different channel model and different transmission mode
[image: ]
[bookmark: _Ref419662101]Figure 2: Serving cell is TM9 and aggressor cells are with different channel model and different transmission mode
Proposal 1: Fading channel is used for the aggressor cell, and TM3 is set as the transmission mode for the aggressor cells.  
MCS for serving cell
In [1], Three MCS options are listed as candidates for the serving cell. In Table 2, the target SNR@70% throughput and the 2-cell CRS-IC gain is shown. From Table 2, we can see that the gain for CRS-IC is very similar for different MCS options. It is about 2 dB.  Based on Table 2, we have the following observations:
· For TM2, both MCS=14 and MCS=18 are suitable regarding the target SNR is very close to the interference profile derived from system level evaluation. 
· For TM9, MCS = 14 is more suitable regarding the target SNR is very close to the interference profile derived from system level evaluation.
· For TM3, MCS=9 is more suitable regarding the target SNR is very close to the interference profile derived from system level evaluation. 
· For TM4, both MCS=14 and MCS=18 are suitable regarding the target SNR is very close to the interference profile derived from system level evaluation.


[bookmark: _Ref419708098]Table 2: The target SNR@70% throughput and the 2-cell CRS-IC gain
	TM
	INR1
	INR2
	Mod
	No CRS-IC
	CRS-IC
	gain

	TM2
	10.45
	4.6
	QPSK
	3.85 
	6.18 
	2.33 

	
	10.45
	4.6
	16QAM
	7.54 
	9.38 
	1.84 

	
	10.45
	4.6
	64QAM
	9.98 
	11.91 
	1.93 

	TM9
	10.45
	4.6
	QPSK
	6.42 
	9.11 
	2.69 

	
	10.45
	4.6
	16QAM
	9.65 
	11.76 
	2.12 

	
	10.45
	4.6
	64QAM
	12.29 
	14.35 
	2.06 

	TM3
	10.45
	4.6
	QPSK
	9.74 
	12.49 
	2.75 

	
	10.45
	4.6
	16QAM
	14.25 
	16.36 
	2.11 

	
	10.45
	4.6
	64QAM
	17.74 
	19.34 
	1.60 

	TM4
	10.45
	4.6
	QPSK
	4.40 
	6.95 
	2.55 

	
	10.45
	4.6
	16QAM
	7.93 
	9.90 
	1.97 

	
	10.45
	4.6
	64QAM
	10.54 
	12.63 
	2.09 



Considering exploring all the modulation schemes, in Table 3, MCS for different transmission mode is tabulated. 
[bookmark: _Ref419664704]Table 3: MCS for different transmission mode
	TM
	MCS

	TM2
	MCS=14

	TM9
	MCS=14

	TM3
	MCS=9

	TM4
	MCS=18


Discussion on test case list
In Table 4, for PDSCH, TM2, TM3, TM4, TM9 and TM10 are agreed to be considered for test cases. We can have the following test cases and its corresponding additional test purposes as shown in Table 3. 
[bookmark: _Ref419666271]Table 4: Test case list
	Test case
	TM
	Test purposes

	1
	TM2
	· To achieve MMSE-IRC+CRS-IC gain
· To cover CRS-based open loop transmission scheme

	2A
	TM3
	· To achieve MMSE-IRC+CRS-IC gain
· To cover two-layer transmission

	2B
	TM3
	· To achieve robustness test

	3
	TM4
	· To achieve MMSE-IRC+CRS-IC gain
· To cover close loop MIMO

	4
	TM9
	· To achieve MMSE-IRC+CRS-IC gain
· To cover DMRS based scheme

	others
	TM10
	TBD



This is the minimum subset for the test cases. If test cases are further reduced, some test purpose may not be covered. 
Proposal 2: Adopt Table 4 as the test case list and Table 3 as the MCS for each test case. 

Discussion on the robustness 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. 
As one example, in Figure 3, 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 3: Throughput comparison with CRS-IC cancelling 0/1/2 aggressor cells for INR=9 dB and INR=1 dB
[image: ]
Figure 4: Throughput comparison with CRS-IC cancelling 0/1/2 aggressor cells INR=11 dB and INR=-2 dB
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 5: 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. Furthermore, 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:  Robustness test in FeICIC only covers partial interference scenarios of Homogeneous network, it is valuable to introduce robustness test in homogenous scenarios. 

Proposal 3:  Introduce TM3 as robustness test for CRS-IM WI.
Control channel test
In [2], PDCCH/PCFICH and PHICH performance are given. Based on the results, we have the following observations:
· Observation 1: With 2-cell CRS-IC, more than 2 dB gain for PDCCH/PCFICH is observed with 10% load and medium interference level (corresponding to the 10th bin). 
· Observation 2:  With 2-cell CRS-IC, at least 0.7 dB can be achieved for PDCCH/PCFICH for 30% load and lower interference level (corresponding to the 1st bin). 
· Observation 3:  With 2-Cell CRS-IC, more than 4 dB performance gain for PHICH is observed with 10% load and medium interference level (corresponding to the 10th bin).
· Observation 4：With 2-Cell CRS-IC, more than 2 dB performance gain for PHICH is observed with 30% load and low interference condition (corresponding to the 1st bin).
For PHICH, simulation results are given in Figure 5 and Figure 6. The simulation parameters are attached in Appendix A. 
For PDCCH/PCFICH, the main concern raised in [3] is:
· Timing issue: it is challenging to implement MMSE-IRC receiver for DL control channel since UE needs to demodulate control channel very quickly to meet tight PDSCH demodulation timeline.
· Power consumption issue: UE has to burn extra power to monitor PDCCH, which will affect power consumption of idle mode UE or connected DRX UE.
Considering this concern, it is reasonable to have more study on CRS-IC for PDCCH/PCFICH. However, for PHICH, the timing issue and power consumption issue doesn’t exist. The PHICH information is applied for the subframes which at least 4 ms later on. Further, PHICH transmission is predetermined at least 4 ms ahead. CRS-IC for PHICH is a by-product of CRS-IC for PDSCH. Further, the gain is significant even with very low interference profile and reasonable partial load. Hence, we prefer to have CRS-IC for PHICH. 
[image: ]
[bookmark: _Ref416741516]Figure 5: PHICH performance with INR1=1.34 dB and INR2=-0.73 dB

[image: ]
[bookmark: _Ref416741519]Figure 6: PDCCH performance with INR1=9.7 dB and INR2=3.7 dB
Proposal 4: One PHICH test is introduced to verify the CRS-IC performance for PHICH. 
Conclusion
Proposal 1: Fading channel is used for the aggressor cell, and TM3 is set as the transmission mode for the aggressor cells.
Proposal 2: Adopt Table 4 as the test case list and Table 3 as the MCS for each test case. 
Observation:  Robustness test in FeICIC only covers partial interference scenarios of Homogeneous network, it is valuable to introduce robustness test in homogenous scenarios.
Proposal 3:  Introduce TM3 as robustness test for CRS-IM WI.
Proposal 4: One PHICH test is introduced to verify the CRS-IC performance for PHICH. 
Appendix A
[bookmark: _Ref416741491]Table 6: Test Parameters for PHICH
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	Downlink power allocation
	PDCCH_RA
PHICH_RA 
OCNG_RA
	dB
	-3
	-3
	-3

	
	PCFICH_RB
PDCCH_RB
PHICH_RB 
OCNG_RB
	dB
	-3
	-3
	-3

	[image: ]at antenna port
	
	dBm/15kHz
	-98 (Note 1)
	N/A
	N/A

	[image: ]
	dB
	Reference Value in Table 8.5.1.2.4-2
	TBD
	TBD

	BWChannel
	MHz
	10
	10
	10

	Subframe Configuration
	
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN

	Time Offset between Cells
	s
	N/A
	3
	-1

	Frequency shift between Cells
	Hz
	N/A
	300
	-100

	Cell Id
	
	0
	128
	1

	PDCCH Content
	
	UL Grant should be included with the proper information aligned with A.3.6.
	N/A
	N/A

	Number of control OFDM symbols
	
	2
	Note 7
	Note 7

	Number of PHICH groups (Ng)
	
	1
	N/A
	N/A

	PHICH duration
	
	Normal
	N/A
	N/A

	Unused RE-s and PRB-s
	
	OCNG
	OCNG
	OCNG

	Cyclic prefix
	
	Normal
	Normal
	Normal

	Note 8:	The number of the CRS ports in Cell 1, Cell 2 and Cell 3 is the same.
Note 9:	SIB-1 will not be transmitted in Cell 2 and Cell 3 in the test.
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