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Background
In RAN4 #99-e meeting, WF R4-2108662[1] is approved and following open issues are left for further discussion:
	· PDCCH CRS-IM
· FFS whether to define neighboring cell LTE CRS-IM requirement for PDCCH
· Assumption on CRS-IM
· Both CRS-IC and LLR weighting for the initial performance evaluation
· FFS for performance requirements definition.
· FFS NW assistant information existed or not, companies are encouraged to bring analysis with different options.
· 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%.
· In frequency domain: full bandwidth allocation.
· Time offset and frequency shift for sync network
· Option 1 for initial simulation:
· 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.
· Other options are not precluded.
· MCS for target NR PDSCH
· Cover QPSK MCS 4 and 16QAM MCS 13 for initial simulation
· FFS whether to cover 64QAM MCS 19



In this paper, we give our discussions on above open issues.
Discussion 
PDCCH CRS-IM
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29]CRS are interfering both PDSCH and PDCCH at the same time during the test, UE should decode PDCCH firstly before it decodes PDSCH, if UE has passed the PDSCH test, it definitely can decode the PDCCH successfully. Moreover, the design of PDCCH ensures that it is robust to resist the CRS interference by using such as lower coding rate, lower modulation order (QPSK) and higher DMRS density. Therefore, it is not necessary to additionally define PDCCH performance requirements with CRS-IM.
Proposal 1: Not define performance requirements for PDCCH with CRS-IM
Receiver type 
Based on our simulation results [2], the gain of different receiver types compared to the baseline are listed as follows:
· For scenario 1: CRS-IC (3.2~3.7dB)> LLR weighting(2.4~2.8dB) > RM(1.7~1.95dB)
· For scenario 2: CRS-IC(2.8~3.2dB) > LLR weighting (1.76~2.05dB)> RM(Can’t reach 70% of max TP)
For scenario 1:
For RM: according to our simulation results [2], the best rate-matching scheme is always rate-matching the dominate interference cell, but this seems impractical in actual scenario for moving UE, more practical scheme is the scheme of Rel-16 RM for 1 interference cell that is not always RM the first dominant interference, but it has very poor performance. Another RM scheme denoted as Rel-15 RB symbol level RM has great performance for MCS 4, but the performance will degrade severely for MCS 13, the reason is that this RM scheme leads to higher coding rate compared to other RM schemes and this problem is more obvious for MCS 13. Another problem is that RM will lead to poor performance for LTE cell where CRS is used for interference estimation.
CRS-IC has optimal performance, but it also brings more complexity to UE. UE should perform channel estimation at each OFDM symbol affected by CRS which will bring the challenge to the soft buffer and computing capability.
LLR weighting has the great balance between performance and complexity. CRS power can be estimated roughly by using RSRP measurement, PDP detection and adjacent RE subtraction which have lower complexity. Moreover, LLR weighting has only 1dB performance degradation compared to CRS-IC, but LLR weighting has already good work point, it has no much benefit to improve 1dB.
[bookmark: OLE_LINK183]Observation 1: RM is not a suitable method to suppress CRS interference for scenario 1.
Observation 2: CRS-IC has optimal performance but highest complexity.
Observation 3: LLR weighting has the great balance between complexity and performance with only 1dB performance degradation compared to CRS-IC.
[bookmark: OLE_LINK165]Proposal 2: Define the requirements by using LLR weighting for scenario 1.
For scenario 2:
[bookmark: OLE_LINK168][bookmark: OLE_LINK169][bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK162][bookmark: OLE_LINK182][bookmark: OLE_LINK174]From our simulation results shown in Table 2-3 [2], we can observe that throughput for RM can’t reach 70% of max throughput because of the less PDSCH allocation and higher overhead. Schemes with no RM has natural advantages over than RM in scenario 2.  We propose to compare the SNRs of different schemes at 70% of max throughput of RM.
[bookmark: OLE_LINK184][bookmark: OLE_LINK163]Observation 4: Schemes with no RM has natural advantages over than RM in scenario 2.
[bookmark: OLE_LINK187]Proposal 3: Evaluate the results for scenario 2 by comparing the SNRs of different schemes @70% of max throughput of RM.
Based on our simulation results [2], the SNRs as proposed in Proposal 3 are summarized in Table 2-1:
Table 2-1 Summary of results for scenario 2 with the proposed SNRs
	Target SNR(dB) @ 70% of max TP of Rel-16 CRS-RM for 2 interference cells
	NO CRS-RM (baseline)
	Rel-15 CRS-RM for 1 interference cell)
	Rel-15 CRS-RM for 1 interference cell
	[bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK181]Rel-16 CRS-RM for 2 interference cells
	CRS-IM using CRS-IC WITH NW assist
	CRS-IM using CRS-IC WITHOUT NW assist
	CRS-IM using LLR weighting WITH NW assist
	CRS-IM using LLR weighting WITHOUT NW assist

	[bookmark: OLE_LINK175][bookmark: OLE_LINK176][bookmark: _Hlk79157783]MCS4  2RX
	-1.66
	-1.21
	0.52
	-1.27
	-4.5
	-4.52
	-3.72
	-3.71

	MCS4  4RX
	-4.87
	-4.50
	-2.82
	-4.75
	-7.60
	-7.54
	-6.35
	-6.20

	MCS13 2RX
	5.32
	6.80
	8.82
	7.22
	2.39
	2.37
	3.04
	3.06

	MCS13 4RX
	2.00
	3.44
	5.31
	3.75
	-0.89
	-0.91
	0.38
	0.36



We can observe that RM has no performance gain over baseline, therefore, RM is not applicable for scenario 2.
For IC and LLR weighting, the similar observation as analyzed for scenario 1, CRS-IC has about 0.5~1.5dB SNR gain over LLR weighting with the proposed target SNR, but considering the complexity of implementing CRS-IC, we also propose to define the requirements for scenario 2 by using LLR weighting.
[bookmark: OLE_LINK185][bookmark: OLE_LINK186]Observation 5: RM schemes has no performance gain over baseline (NO CRS-IM) in scenario 2.
Proposal 4: Define the requirements by using LLR weighting for scenario 2.
Network assistance
Based on our simulation results in [1], performance for IC and LLR weighting with blind detection has the same performance with and without help of network assistance. In our simulation assumptions, for cases with IC/LLR weighting without network assistance, we assume UE doesn’t have the knowledge of cell ID and number of CRS port of neighboring cell and UE detects those information blindly before performing IC or LLR.
For cases with IC/LLR weighting with network assistance, we assume UE have the knowledge of Cell ID and number of CRS ports of neighboring cell and perform IC/LLR weighting directly. Moreover, with the popularity of SA scenario, DSS will not exist and some extra signaling will be the burden of network if we define the requirement with network assistance.
[bookmark: OLE_LINK188][bookmark: OLE_LINK189]Proposal 5: Not consider network assistance.
Interference model
For simplicity, we propose to reuse the interference model for LTE CRS-IC that is acquired by system simulation that is applicable for NR.
[bookmark: OLE_LINK190][bookmark: OLE_LINK191]Proposal 6: Reuse the LTE interference model as follows:
· 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.
· In time domain, probability of occurrence of data transmission in interference cells: simulate 20%
MCS
Based from our simulation results [2], different MCSs have similar performance gain for CRS-IC and LLR weighting over RM, it is not necessary to define performance requirements for different MCS, to reduce the workload and minimize the number of test cases, it is enough to choose MCS 4 and MCS 13 for performance requirements definition.
[bookmark: OLE_LINK192][bookmark: OLE_LINK193]Proposal 7: Define performance requirements for MCS 4 and MCS 13 
Conclusion
In this paper, we provide our simulation results for CRS-IM receiver. The observations and proposals are:
Our observations:
Observation 1: RM is not a suitable method to suppress CRS interference for scenario 1.
Observation 2: CRS-IC has optimal performance but highest complexity.
Observation 3: LLR weighting has the great balance between complexity and performance with only 1dB performance degradation compared to CRS-IC.
[bookmark: _GoBack]Observation 4: Schemes with no RM has natural advantages over than RM in scenario 2.
Observation 5: RM schemes has no performance gain over baseline (NO CRS-IM) in scenario 2.

Our proposals:
Proposal 1: Not define performance requirements for PDCCH with CRS-IM
Proposal 2: Define the requirements by using LLR weighting for scenario 1.
Proposal 3: Evaluate the results for scenario 2 by comparing the SNRs of different schemes @70% of max throughput of RM.
Proposal 4: Define the requirements by using LLR weighting for scenario 2.
Proposal 5: Not consider network assistance.
Proposal 6: Reuse the LTE interference model as follows:
· 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.
· In time domain, probability of occurrence of data transmission in interference cells: simulate 20%
Proposal 7: Define performance requirements for MCS 4 and MCS 13 
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