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1
Introduction  
In this paper, updated simulation results are provided based to further study the CRS-IM related advanced receiver impact analysis for network-based CRS-IM.   

2
Simulation assumption
We conducted the simulation based on the CRS-IM test case 8.2.1.4.1E and 8.3.1.1.G in TS36.101 with some modification. The detail simulation assumptions are provided in Table 1. Parameters that are new to [1] are highlighted.
Table 1 Simulation assumptions

	Parameters
	value

	Bandwidth
	10 MHz

	Transmission mode
	3 and 9

	Number of aggressor cells
	2

	Cell ID
	· Serving cell : 0

· Aggressor cell 1 : 1

· Aggressor cell 2 : 128

	Interference level ([image: image2.png]E./N,



)
	· Aggressor cell 1 : 10.45 dB

· Aggressor cell 2 : 4.5 dB

	Channel Model
	EVA5L

	MCS
	#8 and #24

	MIMO rank
	TM3: 2 
TM9: 1

	Resource allocation in serving cell 
	· RA-Edge: PRBs 0~8

· RA-Center: 21~2

· RA-Full: 0~49

	MIMO configuration
	2x2 (2 CRS APs) for all cells

	Interference modelling
	· 0% PDSCH payload on aggressor cells
· CRS muting patterns 

· 1010101010
· 1111111111

Normal CRS (0): Always full band transmission in all subframes

Muted CRS(1): In odd suframes, CRS is muted except the center 6 PRBs. In even subframes, CRS is transmitted across the whole bandwidth 

	CRS-IC receiver assumption
	Assume full CRS is allocated in the aggressor cells


3
Simulation Results

In Figure 1 and Figure 2, we provide TM3 simulation results with CRS muting pattern 1010101010 for MCS#8 and MCS#24 respectively. The required SNR to achieve 70% throughput is summarized in Table 2.
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Figure 1. TM3 throughput performance with CRS muting pattern 1010101010 for MCS#8
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Figure 2. TM3 throughput performance with CRS muting pattern 1010101010 for MCS#24

Table 2 Summary of required SNR to achieve 70% max throughput in TM3 with CRS muting pattern 1010101010
	MCS
	Resource allocation
	Normal CRS
	Muted CRS
	Degradation due to muting

	8
	Edge
	5.30
	6.01
	0.71

	
	Center
	5.51
	6.07
	0.56

	
	Full band
	5.11
	6.18
	1.07

	24
	Edge
	20.83
	21.23
	0.40

	
	Center
	21.35
	21.76
	0.41

	
	Full band
	22.00
	22.85
	0.85


In Figure 3 and Figure 4, we provide TM3 simulation results with CRS muting pattern 0000000000 for MCS#8 and MCS#24 respectively. The required SNR to achieve 70% throughput is summarized in Table 3.
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Figure 3. TM3 throughput performance with CRS muting pattern 0000000000 for MCS#8
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Figure 4. TM3 throughput performance with CRS muting pattern 0000000000 for MCS#24

Table 3 Summary of required SNR to achieve 70% max throughput in TM3 with CRS muting pattern 0000000000
	MCS
	Resource allocation
	Normal CRS
	Muted CRS
	Degradation due to muting

	8
	Edge
	5.30
	5.77
	0.47

	
	Center
	5.51
	7.14
	1.63

	
	Full band
	5.11
	5.44
	0.33

	24
	Edge
	20.83
	20.9
	0.07

	
	Center
	21.35
	23.5*
	2.15

	
	Full band
	22.00
	21.88
	-0.12

	*By extrapolation


In Figure 5 and Figure 6, we provide TM3 simulation results with CRS muting pattern 1010101010 for MCS#8 and MCS#24 respectively. The required SNR to achieve 70% throughput is summarized in Table 4.
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Figure 5. TM9 throughput performance with CRS muting pattern 1010101010 for MCS#8
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Figure 6. TM9 throughput performance with CRS muting pattern 1010101010 for MCS#24
Table 4 Summary of required SNR to achieve 70% max throughput in TM9 with CRS muting pattern 1010101010
	MCS
	Resource allocation
	Normal CRS
	Muted CRS
	Degradation due to muting

	8
	Edge
	3.22
	4.23
	1.01

	
	Center
	3.83
	4.55
	0.72

	
	Full band
	2.76
	4.36
	1.6

	24
	Edge
	18.75
	18.85
	0.1

	
	Center
	17.93
	18.52
	0.59

	
	Full band
	19.76
	20.97
	1.21


As observed from Table 2, Table 3 and Table 4, the unknown CRS muting behaviour could lead to the performance degradation up to 2.15dB TM3 rank-2 with all muted CRS muting pattern and 1.6 dB in TM9 rank-1 with on-off CRS muting pattern. It is observed that full band resource allocation suffers more degradation due to CRS muting.
Observation 1. SNR degradation due to CRS muting could be up to 2dB.

The degradation generally comes from the natural UE behaviour in CRS channel estimation. Since all legacy UE can assume CRS is always transmitted in all subframes and all PRBs, UE can utilize the CRS REs from either adjacent subframes or adjacent PRBs to help improve the channel estimation performance, as illustrated in Figure 7. The exact numbers of additional CRS REs in adjacent subframes and PRBs to be used for channel estimation in time and frequency directions depend UE’s implementation. As we know, muting CRS creates inconsistency of CRS in both time and frequency directions. This introduces degradation in CRS channel estimation, and consequently degrades the performance of CRS-IC. Moreover, the most sensitive REs are those locate in the boundary of this inconsistency, as illustrated by the red regions in Figure 8.
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Figure 7. Cross-subframe and cross-PRB CRS channel estimation
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Figure 8. RE locations that are most sensitive to the inconsistency of CRS transmission. (red regions)
Based on the simulation results and above analysis, there is a degradation from CRS muting to the CRS-IC performance. Even if at some case the degradation is small, UE still wastes its computation power trying to cancel those non-existing CRS. Therefore, we would like to confirm network-based CRS-IM has negative impact on legacy device with CRS-IC, including the waste of UE computation power and performance degradation.
Proposal 1: Confirm that network-based CRS-IM has negative impact on legacy device with CRS-IC, including the waste of UE computation power and performance degradation. 
4
Conclusion
In this paper, we provide the CRS-IC simulation results for network-based CRS mitigation. Based on the results and analysis, we have the following proposal:

Observation 1. SNR degradation due to CRS muting could be up to 2dB.
Proposal 1: Confirm that network-based CRS-IM has negative impact on legacy device with CRS-IC, including the waste of UE computation power and performance degradation. 
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