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Background
In RAN 94-e meeting, it was agreed to analysis the CRS-IM receiver with 30 kHz. In this paper, we give our technical analysis for this topic.
Interference model
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]Two typical scenarios such as DSS (Serving cell)+DSS(Interference cell) (i.e. Scenario 1) and NR(Serving cell)+LTE(Interference cell) (i.e. Scenario 2) have been considered in Rel-17 CRS-IM WI for NR with 15kHz SCS. For NR with 30kHz SCS, considering the very complex scheduling for DSS scenario, this analysis for CRS-IM for NR with 30kHz SCS i.e. NR (30 kHz) + LTE (15 kHz), should only focus on Scenario 2. 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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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:

Assume that AWGN is used, 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.
Complexity analysis 

We will analysis the complexity in terms of two types of receiver: CRS-IC and LLR weighting.
For CRS-IC, CRS-based channel estimation is the major operations bringing complexity. From the number of REs to handle, for 15 kHz, UE does channel estimation for 32 REs per RB within 1ms except for PDCCH REs while for 30 kHz,  UE must do channel estimation for 64 REs per RBs within 0.5 ms which bring significant complexity compared to 15kHz SCS.  
Observation 3: For 15 kHz, UE does channel estimation for 32 REs within 1ms while for 30 kHz, UE must do channel estimation for 64 REs within 0.5 ms, which bring significant complexity compared to 15kHz SCS.  
As for LLR weighting, based on our understanding, UE should do power estimation three times for three types of REs with different interference models and perform LLR weighting respectively, as we known, there are two ways to perform power estimation. i.e. CRS sequence-based power estimation and power difference based estimation. The complexity of power difference based estimation is closed to that with 15 kHz since there is no complex calculation in this scheme. While for CRS sequence based power estimation, the complexity is higher than 15 kHz, since it channel estimation should be performed as discussed above.
Observation 4: UE should do power estimation three times for three types of REs with different interference models and perform LLR weighting respectively. For LLR weighting without CRS sequence, there is no much complexity increased.
Simulation results
Figure 3 shows the performance for LLR weighting receiver and baseline receiver (Without any CRS interference handling) with  NR 30 kHz + LTE 15 kHz and Table 1 shows the summary of results.
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Figure 3: Simulation results for CRS-IM receiver with NR 30 kHz + LTE 15 kHz
Table 2: Summary of simulation results 
	Target SNR (dB)@70% of maximum TP
	4T2R
	4T4R

	Baseline
	9.60
	6.73

	LLR weighting
	7.93
	5.32

	Performance gain
	1.67
	1.41


We can observe that there is 1.67 dB performance gain for 4T2R and 1.41dB performance gain for 4T4R for LLR weighting over baseline receiver.
Observation 5: For NR 30kHz+LTE 15kHz, there is 1.67 dB performance gain for 4T2R and 1.41dB performance gain for 4T4R for LLR weighting over baseline receiver.
Conclusion
In this paper, we give our discussion for CRS-IM receiver for 30 kHz SCS, the observations and proposal 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: For 15 kHz, UE does channel estimation for 32 REs within 1ms while for 30 kHz, UE must do channel estimation for 64 REs within 0.5 ms, which bring significant complexity compared to 15kHz SCS.  
Observation 4: UE should do power estimation three times for three types of REs with different interference models and perform LLR weighting respectively. For LLR weighting without CRS sequence, there is no much complexity increased.
Observation 5: For NR 30kHz+LTE 15kHz, there is 1.67 dB performance gain for 4T2R and 1.41dB performance gain for 4T4R for LLR weighting over baseline receiver.
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