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Background
As per [1], RAN 4 agreed to evaluate the feasibility of CRS-IM receiver with 30 kHz SCS. In this paper, we provide our evaluations and analysis. 
Interference model
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]As shown in Figure 1, the FFT window for 30 kHz SCS is half of that of LTE, if we receive the signal as per NR FFT window size which causes non-orthogonality of LTE subcarriers,  the power of CRS interference of one RE will spread to other subcarriers and two OFDM symbols of NR 30kHz SCS. Therefore, the interference model should be reanalysed.
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 (For information only)
Figure 1: Time signal of NR 30 kHz + LTE 15 kHz
Assume is LTE frequency signal, where N is FFT size in the receiving side. i.e. NR, the LTE time signal after IFFT operating can be written as following:
For Symbol 1:

At the receiving side, due to the time offset between the FFT start point and end position of LTE CP, the LTE time signal fall into FFT window of first OFDM symbol within 15 kHz LTE OFDM symbol can be written as following:


Where  is sample number between the FFT start point and end position of LTE CP as shown in Figure 1. 
The LTE time signal fall into FFT window of second NR OFDM symbol within 15 kHz LTE OFDM symbol can be written as following:

After FFT operating, two frequency signal of OFDM symbols can be simplified as follows:
· For the first OFDM symbol 1:

· For the second OFDM symbol 2:

We can find that for both OFDM symbols in the receiving side, NR kth sub-carrier is interfered by 2kth and odd subcarriers of LTE signal. Table 1shows the interference power of each LTE odd subcarrier and 2kth subcarrier contributing to NR kth  subcarrier. Note that N is set to 1024 and interference power is normalized to 1.
Table 1 Interference power of each LTE subcarrier contributing to NR kth subcarrier
	LTE Subcarrier index
	2k-11
	2k -9
	2k -7
	2k -5
	2k -3
	2k -1
	2k
	2k+1
	2k+3
	2k+5
	2k +7
	2k +9
	2k+11

	Power
	-30.8
	-29.0
	-26.9
	-23.9
	-19.5
	-9.9
	-6.0
	-9.9
	-19.5
	-23.9
	-26.9
	-29.0
	-30.8


Based on the Table 2, in the NR 30kHz+ LTE15kHz deployment, we can find the main interference contributing to kth of NR subcarrier is 2kth, (2k-1)th and  (2k+1)th LTE subcarrier.
Observation 1: In the NR 30kHz+ LTE15kHz deployment, the main interference contributing to kth of NR subcarrier are 2kth, (2k-1)th and  (2k+1)th LTE subcarrier.
Figure 2 shows the RE position interfered by 2 LTE interference cells with 4 ports CRS and vShift1=1,vShift2=2 respectively in one RB for NR with 30 kHz. 72 RE are interfered in one RB and there are three types of interference pattern, take first OFDM symbol in Figure 1 as an example:
Interference pattern 1 (RE in yellow in Figure 2): 

Interference pattern 2 (RE in blue in Figure 2):

Interference pattern 3 (RE in orange in Figure 2): 
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Figure 2: Interference pattern of one RB for NR with 30 kHz SCS
There is the same observation for the second symbol. 
Observation 2: There are three different types interference model for NR 30 kHz.
Discussions
From the analysis in section 2, it is more complex to use CRS-IC algorithm since the number of RE to be processed is more compared to 15 kHz SCS and for each RE, twice channel estimation should be performed. Hence, RAN 4 agreed to only consider LLR weighting. At last meeting, two algorithms were listed as candidate options:
	· Option 1: UE should do power estimation three times for three types of REs with different interference models with serval RBs granularity or the whole bandwidth and perform LLR weighting respectively. 
· In the NR 30kHz+ LTE15kHz deployment, the main interference contributing to kth of NR subcarrier are 2kth, (2k-1)th and (2k+1)th LTE subcarrier. 
· Interference pattern 1: Subcarrier index 0, 3, 6, 9…, 
· Interference pattern 2: Subcarrier index 1, 4, 7, 10,…, 
· Interference pattern 3: Subcarrier index 2, 5, 8, 11…, 
· Option 2: Measure the interference power on all REs within the symbol colliding with CRS REs and make the averaging with 1 PRB granularity. 
· Intel: we will not observe that selected REs are affected by CRS interference due to loss of orthogonality


The simulations for 4 CRS ports for both options with different loading are listed in Figure 1. In the simulations, parameters as per [1] are used and we set power estimation granularity in option 1 to 3RBs. We use both DMRS for LLR calculation.
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Figure 1: Simulation results for LLR weighting for DMRS 1+1
Table 1 shows the summary of gain of LLR weighting over baseline (No IC or LLR weighting)
Table 1: Summary of gain of LLR weighting over baseline for 4 CRS ports
	Loading of LTE cells
	0 %
	10%
	20%

	Performance gain over baseline (70% of maximum TP)
	2RX, LLR weighting with Option 1
	1.6
	1.3
	1.3

	
	2RX, LLR weighting with Option 2
	1.5
	1.3
	1.3

	
	4RX, LLR weighting with Option 1
	1.3
	1.2
	0.9

	
	4RX, LLR weighting with Option 2
	1.3
	1.1
	0.7


We can observe that in the practical scenario.i.e.20% loading, the performance gain is smaller than 1dB in some cases. The max performance gain can be reached is 1.6dB with 0% loading. In most cases, both options achieve same performance. In few cases, performance of option 1 is better than option 2. 
Observation 3: In the practical scenario.i.e.20% loading, the performance gain is smaller than 1dB in some cases
Observation 4: In most cases, both options achieve same performance. In few cases, performance of option 1 is better than option 2. 
Figure 3 shows the simulation results for 2 CRS ports.
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Figure 3: Simulation results for 2 CRS ports
Table 2 shows the summary of gain of LLR weighting over baseline (No IC or LLR weighting)  for 2 CRS ports.
	 Table 2: Summary of gain of LLR weighting over baseline for 2 CRS ports
	Loading of LTE cells
	0 %
	10%
	20%

	Performance gain over baseline (70% of maximum TP)
	2RX, LLR weighting 
	1.2
	0.9
	0.7

	
	4RX, LLR weighting 
	1.3
	1.1
	0.9


According to the simulation results we can observe that the performance gain for 2 CRS ports is limited and only case with 0% loading can achieve gain larger than 1dB.
Observation 5:   For the case with 4T4R, the performance gain for 2 CRS ports is limited and only case with 0% loading can achieve gain larger than 1dB.
[bookmark: _GoBack]Conclusion
In this paper we provide our evaluation for CRS-IM receiver with 30 kHz SCS. The observations are:
Observation 1: In the NR 30kHz+ LTE15kHz deployment, the main interference contributing to kth of NR subcarrier are 2kth, (2k-1)th and  (2k+1)th LTE subcarrier.
Observation 2: There are three different types interference model for NR 30 kHz.
Observation 3: In the practical scenario.i.e.20% loading, the performance gain is smaller than 1dB in some cases
Observation 4: In most cases, both options achieve same performance. In few cases, performance of option 1 is better than option 2. 
Observation 5:   For the case with 4T4R, the performance gain for 2 CRS ports is limited and only case with 0% loading can achieve gain larger than 1dB.
Reference 
[1]   WF on CRS-IM in scenarios with overlapping spectrum for LTE and NR with 30 kHz SCS
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