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Background
In RAN4 #99-e meeting, WF R4-2108662 is approved and corresponding initial simulation assumptions are determined. In this paper, we provide our initial simulation results.
Simulation results
The simulation assumptions are shown in follows: 
	· General: 
· Scenario 1:
· Rel-15 serving cell CRS-RM
· Scheme #1: Rel-16 CRS-RM for 1 interference cell (case A the rate matched CRS is always the first dominant interference)
· Scheme #2: Rel-16 CRS-RM for 1 interference cell (case B the rate matched CRS is NOT always the first dominant interference)
· Scheme #3: Rel-15 RB symbol level CRS-RM for 2 interference cells
· Scheme #4: CRS-IM using CRS-IC WITH NW assist
· Scheme #5: CRS-IM using CRS-IC WITHOUT NW assist
· Scheme #6: CRS-IM using LLR weighting WITH NW assist
· Scheme #7: CRS-IM using LLR weighting WITHOUT NW assist
· Scenario 2:
· No RM
· Scheme #1: Rel-15 CRS-RM for 1 interference cell (case A the rate matched CRS is always the first dominant interference)
· Scheme #2: Rel-16 CRS-RM for 1 interference cell (case B the rate matched CRS is NOT always the first dominant interference) 
· Scheme #3: Rel-16 CRS-RM for 2 interference cells
· Scheme #4: CRS-IM using CRS-IC WITH NW assist
· Scheme #5: CRS-IM using CRS-IC WITHOUT NW assist
· Scheme #6: CRS-IM using LLR weighting WITH NW assist
· Scheme #7: CRS-IM using LLR weighting WITHOUT NW assist
· CBW/SCS
· FDD 10MHz/15kHz 
· Number of interfering cells modelled in the simulation
· 2
· Interference power level
· with INR1 = 10.45 dB and INR2 = 4.6 dB 
· CRS pattern:
· For scenario 1, v-shift = 0, 1, 2 for the serving and two interference cells
· For scenario 2, v-shift = 1, 2 for the two interference cells
· PDSCH loading level on interference cell
· In time domain, probability of occurrence of data transmission in interference cells: simulate 20%, and it is also encouraged to simulate 0%, 50% and 100%.
· Time offset and frequency shift for sync network
·  Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
· Transmission rank
· 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cell(s).
· Modulation scheme for the interference PDSCH
· 16 QAM randomly modulated symbols in the interfering PDSCH when exists 
· Precoding scheme for the interference PDSCH
· Random precoding 
· MBSFN configuration for the interference LTE cell
· No MBSFN
· Rank for target NR PDSCH
· Rank 1
· MCS for target NR PDSCH
· Cover QPSK MCS 4 and 16QAM MCS 13 for initial simulation
· Precoding model for target NR PDSCH
· Random precoding (Single panel Type 1) with PRB bundling size is 2 with PRB bundling type is static 
· HARQ process number for target NR PDSCH
· 4 for FDD, further discuss for TDD
· PDSCH mapping type and DMRS configuration for target NR PDSCH
· PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data. 
· Start symbol (S) and symbol length (L) for the target PDSCH
· For the scenario that Rel-15 or Rel-16 CRS-RM is configured (for scenario 1 and 2): Focus on S = 3, L = 9. Interested companies can bring analysis for S = 3, L = 11.
· For the scenario that CRS-RM is not configured (for scenario 2): S = 2, L = 12
· Overhead for TBS determination for the target PDSCH
· For the scenario that Rel-15 or Rel-16 CRS-RM is configured (for scenario 1 and 2): 18
· For the scenario that CRS-RM is not configured (for scenario 2): 0
· NR Carrier number
· Focus on NR single carrier scenario
· Tx antenna and LTE CRS port number
· For initial simulation, prioritize 4 CRS ports and interested companies can provide results for 2 CRS ports case.
· Rx antenna number
· 2Rx and 4Rx
· Propagation condition
· TDLA30-10 and ULA low 



Scenario 1
Simulation results for scenario 1 are captured in Figure 2-1:
	[bookmark: OLE_LINK22][bookmark: OLE_LINK24][image: ]
(a) [bookmark: OLE_LINK7]2RX , MCS4
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(b) 4RX , MCS4
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(c) 2RX , MCS13
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(d) 4RX , MCS13


Figure 2-1 Simulation results for scenario 1
Summary of simulation results for scenario 1 are captured in Table 2-2:
[bookmark: OLE_LINK8]Table 2-2: Summary of simulation results for scenario 1
	
	MCS 4
	MCS 13

	[bookmark: _Hlk78535609]
	4T2R
	4T4R
	4T2R
	4T4R

	[bookmark: _Hlk78535783]
	[bookmark: OLE_LINK14]SNR(dB)@70% of max TP
	SNR gain 
	SNR(dB)@70% of max TP
	SNR
gain
	SNR(dB)@70% of max TP
	SNR gain 
	SNR(dB)@70% of max TP
	SNR
gain

	Rel-15 serving cell CRS-RM(Baseline)
	2.1
	/
	-1.16
	/
	10.68
	/
	7.18
	/

	Scheme #1
	0.3
	1.8
	-3.11
	1.95
	8.97
	1.71
	5.36
	1.82

	Scheme #2
	3.3
	-1.2
	0.04
	-1.2
	12.15
	-1.47
	8.5
	-1.32

	Scheme #3
	0.4
	1.7
	-3.15
	1.99
	10.56
	0.12
	6.66
	0.52

	Scheme #4
	-1.5
	3.6
	-4.92
	3.76
	7.44
	3.24
	3.46
	3.72

	Scheme #5
	-1.6
	3.7
	-4.94
	3.78
	7.41
	3.27
	3.47
	3.71

	Scheme #6
	-0.4
	2.5
	-3.97
	2.81
	8.28
	2.4
	4.43
	2.75

	Scheme #7
	-0.4
	2.5
	-3.92
	2.76
	8.33
	2.35
	4.45
	2.73


Based from our simulation results, we have following observations for scenario 1:
Observation 1: Rel-16 CRS-RM for 1 cell which is dominate interference has the best performance among all RM schemes for both MCS 4 and MCS 13 and this is the best RM scheme which has 1.71~1.95 dB performance gain over Rel-15 serving cell CRS-RM.
Observation 2: Rel-16 CRS-RM for 1 cell which is not always dominate interference has the worst performance among all RM schemes and has negative gain over Rel-15 serving cell CRS-RM.
Observation 3: Rel-15 RB symbol level RM has the same performance with Rel-16 CRS-RM for MCS=4, but there is severe performance degradation for MCS=13
Observation 4: CRS-IC has the best performance among all the schemes and has 3.2~3.7 dB performance gain.
Observation 5: LLR weighting has 2.4~2.8 dB performance gain over Rel-15 serving cell CRS-RM.
Observation 6: IC and LLR weighting without network assistance has the same performance with that with network assistance.

Scenario 2
Simulation results for scenario 2 are captured in Figure 2-2:
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(b) 4RX , MCS4
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(c) 2RX , MCS13
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(d) 4RX , MCS13


Figure 2-2 Simulation results for scenario 2
Summary of simulation results for scenario 2 are captured in Table 2-3:
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29]Table 2-3: Summary of simulation results for scenario 2
	
	MCS 4
	MCS 13

	
	4T2R
	4T4R
	4T2R
	4T4R

	
	[bookmark: OLE_LINK17]SNR(dB)@70% of max TP
	[bookmark: OLE_LINK18][bookmark: OLE_LINK19]SNR gain 
	SNR(dB)@70% of max TP
	SNR gain
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	SNR gain
	SNR(dB)@70% of max TP
	SNR gain

	[bookmark: _Hlk78536102][bookmark: _GoBack]No -RM(Baseline)
	1.06
	/
	-2.30
	/
	9.83
	/
	6.62
	/

	Scheme #1
	None
	/
	None
	/
	None
	/
	None
	/

	Scheme #2
	None
	/
	None
	/
	None
	/
	None
	/

	Scheme #3
	None
	/
	None
	/
	None
	/
	None
	/

	Scheme #4
	-1.72
	2.78
	-5.12
	2.82
	7.02
	2.81
	3.47
	3.16

	Scheme #5
	-1.66
	2.72
	-5.10
	2.8
	7.15
	2.69
	3.8
	3.14

	Scheme #6
	-0.83
	1.89
	-3.52
	1.22
	7.78
	2.05
	4.86
	1.76

	Scheme #7
	-0.90
	1.96
	-3.56
	1.26
	7.86
	1.98
	4.86
	1.77



Based from our simulation results, we have following observations for scenario 2:
Observation 7: The throughput of all RM schemes can’t reach 70% of peak date rate.
Observation 8: Rel-15 CRS-RM for 1 cell which is always dominate interference has the best performance among all RM schemes.
Observation 9: Rel-15 CRS-RM for 1 cell which is not always dominate interference has the worst performance among all RM schemes and has negative gain over baseline.
Observation 10: CRS-IC has the best performance among all the schemes and has 2.8~3.2 dB performance gain over baseline.
Observation 11: LLR weighting has 1.76~2.05 dB performance gain over baseline.
Observation 12: IC and LLR weighting without network assistance has the same performance with that with network assistance.
Conclusion
In this paper, we provide our simulation results for CRS-IM receiver. The observations are:
For scenario 1:
· Observation 1: Rel-16 CRS-RM for 1 cell which is dominate interference has the best performance among all RM schemes for both MCS 4 and MCS 13 and this is the best RM scheme which has 1.71~1.95 dB performance gain over Rel-15 serving cell CRS-RM.
· Observation 2: Rel-16 CRS-RM for 1 cell which is not always dominate interference has the worst performance among all RM schemes and has negative gain over Rel-15 serving cell CRS-RM.
· Observation 3: Rel-15 RB symbol level RM has the same performance with Rel-16 CRS-RM for MCS=4, but there is severe performance degradation for MCS=13
· Observation 4: CRS-IC has the best performance among all the schemes and has 3.2~3.7 dB performance gain.
· Observation 5: LLR weighting has 2.4~2.8 dB performance gain over Rel-15 serving cell CRS-RM.
· Observation 6: IC and LLR weighting without network assistance has the same performance with that with network assistance.
For scenario 2:
· Observation 7: The throughput of all RM schemes can’t reach 70% of peak date rate.
· Observation 8: Rel-15 CRS-RM for 1 cell which is always dominate interference has the best performance among all RM schemes.
· Observation 9: Rel-15 CRS-RM for 1 cell which is not always dominate interference has the worst performance among all RM schemes and has negative gain over baseline.
· Observation 10: CRS-IC has the best performance among all the schemes and has 2.8~3.2 dB performance gain over baseline.
· Observation 11: LLR weighting has 1.76~2.05 dB performance gain over baseline.
· Observation 12: IC and LLR weighting without network assistance has the same performance with that with network assistance.
Reference 
[1] WF on CRS interference handling in scenarios with overlapping spectrum for LTE and NR. China Telecom. 
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