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Background
As per [1], we provide our discussions on inter-cell MMSE-IRC receiver.
Discussions
Interference model 
Number of explicitly modeled interference cells
	· Way forward
· Option 1: 1 interference cell for all tests
· Option 2: 2 interference cells for all tests
· Option 3: Use different assumptions for different deployment scenarios:
· Option 3A: 2 interference cell for homogeneous deployment assumptions and 1 interference for heterogeneous deployment assumptions
· Option 3B: 1 interference cell for homogeneous deployment assumptions and 2 interference for heterogeneous deployment assumptions


Based on our understanding, there is less possibility that a UE located in cell edge is interfered by interference only from one neighboring cell. Moreover, according to our simulation results in [2], larger gain of MMSE-IRC over MMSE-MRC can be observed for all cases with 2 interference cells compared to that with 1 interference cell and 1 interference cell scenario has been covered in CQI test. Therefore, we don’t see any technology views to introduce only one interference cell in demodulation test.
Observation 1: Larger gain of MMSE-IRC over MMSE-MRC can be observed for all cases with 2 interference cells compared to that with 1 interference cell and 1 interference cell scenario has been covered in CQI test
Proposal 1: Consider 2 interference cell for PDSCH demodulation test, Option 2.
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For Homogenous, two options as per [1] are listed as follows
	· Way forward
· Further discuss the following options for PDSCH requirements definition for synchronous network
· Option 1: INRs 7.77 and 2.29 dB in case of 2 interference cells and INR 5.49 dB in case of 1 interference cell
· Option 2: INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell
· FFS assumptions for asynchronous network


According to our simulation results [3], the gain of MMSE-IRC over MMSE-MRC for some cases with INRs specified in option 2 is only about 1 dB, we think such little gain is not enough to verify the function of MMSE-IRC receiver in scenario with colour interference. Meanwhile, the gain for option 1 is more optimal. Therefore, option 1 is more feasible.
Observation 2: The gain of MMSE-IRC over MMSE-MRC for some cases with INRs specified in option 2 is only about 1 dB
Proposal 2: Use Option 1, i.e. INRs 7.77 and 2.29 dB.
For HetNet scenario, baseline option as per [1] are listed as follows
	· Way forward
· Baseline option: INRs 11.39 and 5.45 dB in case of 2 interference cells and INR 4.84 dB in case of 1 interference cell.
· Baseline option can be updated in case technical issue will be observed


Based on our simulation results in [1], the performance gain of MMSE-IRC over MMSE-MRC is optimal, we support baseline option.
Proposal 3: Use INRs 11.39dB and 5.45dB for HetNet scenario.
Asynchrionized scenario
In last meeting, RAN4 agreed to evaluate performance of MMSE-IRC in asynchronized scenario and LTE configuration of time/frequency offset was reused as start point.
	· Way forward
· Synchronized network is baseline assumption, interested companies are encouraged to bring results for async scenario under the baseline assumption of MMSE-IRC receiver.
· For asynchronized scenario, reusing LTE configuration of time/frequency offset as starting point. 


 
As discussed in last meeting, uneven interference will be caused if asychronized is introduced between interference cell and serving cell. The interference model is shown in Figure 1 with LTE configuration of time/frequency offset. i.e. 0.33ms for interference cell 1 and 0.67ms for interference cell 2. Due to the different PMI selection in different slots, there are three different interference directions in one slot in serving cell, each occupies 1/3 of the slot. Considering the DMRSs are located in 2nd and 11th symbol, the Ruu matrix is the results of average of all interference directions. i.e. PMI1/2/3/4 within current slot.
[image: ] 
Figure 1: Interference model of Asynchronized scenario
Figure 2 shows the corresponding performance with DIP1=-2.23dB and DIP2=-8.06dB (INR1=3.87dB and INR2=-1.96dB) which is reused from LTE. We can observe that there is almost no performance degradation for both MMSE-IRC and MMSE-MRC in asynchronized scenario. We can conclude that MMSE-IRC can also apply to asynchronized scenario.
	[image: ]
	[image: ]


Figure 2: Simulation results for Asynchronzied scenario
Observation 3: There is almost no performance degradation for both MMSE-IRC and MMSE-MRC in asynchronized scenario.
If some operators have strong views to introduce this scenario, we can compromise to define the corresponding requirements, but from the perspective of baseband processing, there is no difference between both scenarios and to reduce the test number, UE is prioritized to test case with large interference, i.e. synchroinzed scenario and if a UE has passed test for synchronized scenario, there is no need to test the asynchronized scenario.
Proposal 4: If asynchronized scenario is introduced, use following configuration and test applicability rule:
· DIP1= -2.23dB and DIP2= -8.06dB (INR1=3.87dB and INR2= -1.96dB)
· Time offset: 0.33ms for interference cell 1 and 0.67ms for interference 2
· For FDD, if a UE has passed test for synchronized scenario, there is no need to test the asynchronized scenario.
SSB configuration
For SSB configuration, one issue is whether to configure same SSB resources for serving cell and interference cells. The simulation results for PBCH with two interference cells and corresponding candidate INRs are captured in Table 2-3 and the BLER-SNR curve has been shown in Figure 3. It is noted that we combine all four SSBs within one MIB period in the simulation, 
Table 2-3: Simulation results for PBCH performance requirements
	Target SNR(dB): 1% BLER of PBCH vs Target SNR(dB): 70%  of maximum throughput of PDSCH with MMSE-IRC receiver
	Number of antennas

	
	2RX
	4RX

	
	PBCH
	PDSCH
	PBCH
	PDSCH

	INR1=5.43dB, INR2=-1.5dB(Option2)
	3.72
	10.16
	1.95
	5.4

	INR1=7.77dB, INR2=2.29dB(Option1)
	6.42
	11.99
	3.41
	6.40

	INR1=11.39dB, INR2=5.45dB(HetNet)
	10.23
	13.19
	7.76
	5.96
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Figure 3: BLER-SNR curve of PBCH
According to the simulation results in Table 2-3, for HetNet scenario.i.e.INR1=11.39dB and INR2=5.45dB with 4RX, target SNR for PBCH is higher than that of PDSCH, therefore there is a risk that tested UE can’t access the network.
Observation 6: For HetNet scenario.i.e.INR1=11.39dB and INR2=5.45dB with 4RX, target SNR for PBCH is higher than that of PDSCH, there is a risk that tested UE can’t access the network.
What’s more, PBCH is also used for time/frequency tracking. SSB colliding will cause poor accuracy of time/frequency tracking, which will degrade the performance of PDSCH. Based on our initial evaluations, we observed up to 1.8dB for 64QAM and 2.1dB for 256QAM performance gain with SSB-IM under the low network load compared to without IM receiver as shown in [2], it means the interference from the SSB of neighbour cells in the real network due to the colliding SSB configuration has serious impact on PDSCH performance, specific study needs to be conducted in Rel-18 to improve UE performance under network with colliding SSB configuration. Also in order to avoid the case that UE fails the test due to the poor performance of PBCH or poor time/frequency tracking accuracy rather than improper interference handling, it is better to configure no overlapping SSB resources for serving cell and interference cells.
Observation 7: SSB colliding will cause poor accuracy of time/frequency tracking, which will degrade the performance of PDSCH.
Proposal 5: Consider no overlapping PBCH resources configuration for serving cell and interference cells.
TRS-IC/IM processing 
As per our evaluation [2], there is up to 3.2dB performance gain for 64QAM with CR=0.45 with interference cell TRS, it means there is obvious impact on PDSCH performance due to poor accuracy of time-frequency tracking .Although RAN4 agreed to configure colliding TRS in previous meeting, we are not sure if it is emulated in companies’ initial simulation results? As RAN 4 has agreed to define the requirements with TRS colliding which may cause poor performance of time and frequency tracking, also with the consideration of not mixing the IRC processing with TRS-IM processing, minimal requirements with no TRS-IC/IM assumptions should be clarified in the simulation assumptions and TR. The specific TRS interference impact is under discussion in Rel-18 and can be further analysed. 
Proposal 6: Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
Time offset in TDD
In last meeting, there is no agreement for time offset for synchronized, two options are listed as follows:
	· TDD 30 kHz
· Time offset: 
· Option 1: The serving cell is 3 us for interfering cell 1 and -1 us for interfering cell 2 (in case modeled)
· Option 2: The serving cell is 1 us for interfering cell 1 and -0.25 us for interfering cell 2 (in case modeled)
· Other options are not recluded
· Frequency shift: The serving cell is 300 Hz for interfering cell 1 and -100 Hz for interfering cell 2 (in case modeled)


Time offset of interference cell has no impact on performance according to our discussions in section 2.2, we slightly prefer option 2 which is reused from multi-TRP WI.
Proposal 7: Use serving cell is 1 us for interfering cell 1 and -0.25 us for interfering cell 2 (in case modeled)
Conclusion
In this paper, we provide our discussions for inter-cell MMSE-IRC receiver and proposals and observations are: 
Observation 1: Large gain of MMSE-IRC over MMSE-MRC can be observed for all cases with 2 interference cells compared to that with 1 interference cell and 1interferecnce cell scenario has been covered in CQI test
Proposal 1: Consider 2 interference cell for demodulation test.
Observation 2: The gain of MMSE-IRC over MMSE-MRC for some cases with INRs specified in option 1 is only about 1 dB
Proposal 2: Use INRs 7.77 and 2.29 dB.
Observation 3: There is almost no performance degradation for both MMSE-IRC and MMSE-MRC in asynchronized scenario.
Proposal 4: If asynchronized scenario is introduced, use following configuration and test applicability rule:
· DIP1= -2.23dB and DIP2= -8.06dB (INR1=3.87dB and INR2= -1.96dB)
· Time offset: 0.33ms for interference cell 1 and 0.67ms for interference 2
· For FDD, if a UE has passed test for synchronized scenario, there is no need to test the asynchronized scenario.
Observation 6: For HetNet scenario.i.e.INR1=11.39dB and INR2=5.45dB with 4RX, target SNR for PBCH is higher than that of PDSCH, therefore is a risk that tested UE can’t access the network.
Observation 7: SSB colliding will cause poor accuracy of time/frequency tracking, which will degrade the performance of PDSCH.
Proposal 5: Consider no overlapping PBCH resources configuration for serving cell and interference cells.
Proposal 6: Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
Proposal 7: Use serving cell is 1 us for interfering cell 1 and -0.25 us for interfering cell 2 (in case modeled)
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