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Background
As per WF [1], there are still some open issues for inter-cell interference left. In this paper, we will provide our discussions and analysis on these open issues.
Discussions
Network type 
For this topic, one issue to be discussed is whether to consider asynchronized FDD scenario. Based from our understanding, there are no difference on IRC processing for this scenario compared to that of synchronized FDD scenario and much effort should be spent to select suitable time offset and frequency offset. Furthermore, asynchronized FDD scenario will cause extra interference between subcarriers and wil also cause amplitude and phase changes on each RE. Therefore, we don’t see any necessity to introduce such scenario. Considering such performance degradation and no change of demodulation processing, we propose to not consider asynchronized.
Proposal 1: Not consider asynchronized scenario.
Number of explicitly modelled interference cells 
[bookmark: OLE_LINK28][bookmark: OLE_LINK30][bookmark: OLE_LINK27]Based from our understanding, different number of interference cells only affect INR levels and doesn’t have impact on IRC processing. According to the agreements from [1], INR =3.1dB will be used if one modelled interference cell is agreed. Our concern is that such small interference can’t bring obvious performance difference for  MMSE IRC receiver  and MMSE MRC receiver.  From our simulation results in Table 2-1, the performance difference is only 1dB for one interference cell with MCS 13, TDLC and 2RX. We think such small gain is not enough to define the requirement for IRC receiver. For example, if a tested UE uses MMSE-MRC to handling the interference but use advanced algorithm for other demodulation part such as channel estimation, decoding, it may also pass the test and benefit of IRC processing is not verified. Furthermore, we have proposed to use 1 interference cells for CQI testing in our contribution[2]. Therefore, we think it is better to consider modelling two interference cells in demodulation part.  
Observation 1: Modelling two interference cells will lead to larger INR level and the performance gain for IRC processing will be more obvious.
Observation 2: There is only 1.1dB performance gain for one interference cell with INR=3.1dB, MCS 13, TDLC and 2RX
Proposal 2: Use two modelled interference cells.
MCS and INR values
For issue with INR, we list the corresponding options as follows:
	· [bookmark: OLE_LINK9][bookmark: OLE_LINK31]Option 1: INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell
· Option 2: INRs 7.77 and 2.29 dB in case of 2 interference cells and FFS in case of 1 interference cell
· Option 3: INRs 13.91 and 3.34 dB in case of 2 interference cells and FFS in case of 1 interference cell
· Other options are not precluded


For issue with MCS, we list the corresponding options as follows:
	· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Down selection between MCS 4 and MCS 13 based on results for agreed INR values based on the following criteria
· [bookmark: OLE_LINK34][bookmark: OLE_LINK39]Option 1: Testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-MRC
· Option 2: SINR is not lower than -6 dB
· Option 3: Consider the difference between SNR and INR to avoid possible handover (SNR-INR > -3dB)
· Option 4: SNR > INR
· Other options are not precluded
· Using of multiple options is not precluded
· Interested companies are encouraged to provide views on criteria for MCS down selection


Based from our understanding, the purpose of option 1 is to make the test more reliable. As we disussed above, if the performance gain is too small, UE using MRC processing for interference handling but other advanced algorthim can also pass the test. For option 2, we think it is necessary to make SNR higher than -6dB to avoid the link loss.
Option 3 and option 4 are introduced with the considering of avoiding cell handover, based from our understanding, cell handover always depends on network. i.e. UE can perform cell handover only if NR send RRC messages implying UE to do that. In RRM cell handover test, the power difference between interference and serving cell is 3dB for known target cell and 0dB for unknown target cell which means that the power difference are the common threshold in practical network. Even we can avoid the cell handover by using some limitation on network during the test when target SNR is further lower than INR, but to be more practical, it is better to set SNR>INR to avoid handover with the consideration of worst case (UE have no information of neighbouring cell). 
Observation 3: In RRM cell handover test, the power difference between interference and serving cell is 3dB for known target cell and 0dB for unknown target cell.
Proposal 3: Consider option 1, option 2 and option 4 as conditions for MCS and INR value selection.
The simulation results for different INR values, MCS, number of RXs and propagation conditions are captured in Table 2-1. 
Table 2-1: Simulation results for MMSE-IRC receiver
	[bookmark: OLE_LINK33]SINR(dB)70%
 of max TP
	TDLA30-10
	TDLC300-100

	
	MCS4
	MCS13
	MCS4
	MCS13

	
	2RX
	4RX
	2RX
	4RX
	2RX
	4RX
	2RX
	4RX

	Two interference cells with INR1= 5.43dB and INR2=-1.5dB
Total INR: 6.23dB
	MMSE
	-3.5
	-6
	4.1
	1.4
	-3.1
	-5.6
	4.9
	2

	
	MMSE-IRC
	-5.4
	-9.9
	2.7
	-0.9
	-4.8
	-9.1
	3.6
	-0.2

	
	Gain
	1.9
	3.9
	1.4
	2.3
	1.7
	3.5
	1.3
	2.2

	
	Target SNR for MMSE-IRC
	1.76
	-2.74
	9.86
	6.26
	2.36
	-1.94
	10.76
	6.96

	Two interference cells with INR1= 7.77dB and INR2=2.29dB
Total INR: 8.85dB
	MMSE
	-3.66
	-5.78
	3.88
	1.36
	-3.30
	-5.50
	4.70
	2.0

	
	MMSE-IRC
	-7.21
	-12.11
	1.18
	-2.23
	-6.51
	-11.23
	2.4
	-1.5

	
	Gain
	3.55
	6.33
	2.70
	3.59
	3.21
	5.73
	2.3
	3.5

	
	Target SNR for MMSE-IRC
	2.17
	-2.73
	[bookmark: OLE_LINK45]10.56
	7.15
	2.87
	-1.74
	11.78
	7.88

	Two interference cells with INR1= 13.91dB and INR2=3.34dB
Total INR: 14.28dB
	MMSE
	-3.75
	-5.65
	3.67
	1.37
	-3.37
	-5.33
	4.59
	1.97

	
	MMSE-IRC
	-10.79
	-17.51
	-1.11
	-4.85
	-9.25
	-15.39
	0.65
	-3.49

	
	Gain
	7.04
	11.86
	4.78
	6.22
	5.88
	10.06
	3.94
	5.46

	
	Target SNR for MMSE-IRC
	3.64
	-3.08
	13.32
	9.58
	5.18
	-0.96
	15.08
	10.94

	One interference cell with INR=3.1dB
	MMSE
	-3.5
	-5.9
	4.1
	1.4
	-3.1
	-5.6
	4.9
	2

	
	MMSE-IRC
	-5.1
	-9.0
	2.8
	-0.4
	-4.6
	-8.4
	3.8
	0.3

	
	Gain
	1.6
	3.1
	1.3
	1.8
	1.5
	2.8
	1.1
	1.7


The evaluation results based on option 1, option 2 and option 4 are captured in Table 2-2: 
Table 2-2: The evaluation results for different cases
	Evaluation results
	TDLA30-10
	TDLC300-100

	
	MCS4
	MCS13
	MCS4
	MCS13

	
	2RX
	4RX
	2RX
	4RX
	2RX
	4RX
	2RX
	4RX

	[bookmark: _Hlk82168600][bookmark: _Hlk82168746][bookmark: _Hlk82167919]Two interference cells with INR1= 5.43dB and INR2=-1.5dB
Total INR: 6.23dB
	The gain for IRC >1dB?
	[bookmark: OLE_LINK41]Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	Target SINR>-6dB?
	Yes
	No
	[bookmark: OLE_LINK44]Yes
	Yes
	Yes
	No
	Yes
	Yes

	[bookmark: _Hlk82168768]
	Target SNR>INR?
	No
	No
	Yes
	Yes
	No
	No
	Yes
	Yes

	[bookmark: _Hlk82168816]Two interference cells with INR1= 7.77dB and INR2=2.29dB
Total INR: 8.85dB
	The gain for IRC >1dB?
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	[bookmark: _Hlk82168883]
	Target SINR>-6dB?
	No
	No
	Yes
	Yes
	No
	No
	Yes
	Yes

	[bookmark: _Hlk82169080]
	Target SNR>INR?
	No
	No
	Yes
	No
	No
	No
	Yes
	No

	[bookmark: _Hlk82169149]Two interference cells with INR1= 13.91dB and INR2=3.34dB
Total INR: 14.28dB
	The gain for IRC >1dB?
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	[bookmark: _Hlk82169167]
	Target SINR>-6dB?
	No
	No
	Yes
	Yes
	No
	No
	Yes
	Yes

	
	Target SNR>INR?
	No
	No
	No
	No
	No
	No
	Yes
	No


From the evaluation results in Table 2-2, we can observe that all cases with MCS 4 don’t satisfy the criteria that target SINR>-6dB. Therefore, MCS 13 should be used.
Observation 3: All cases with MCS 4 doesn’t satisfy the criteria that SINR>-6dB.
Proposal 3: Use MCS=13
From the simulation results with MCS13 in Table 2-1, we have following observations:
· For cases with INR1=5.43dB, INR2=-1.5dB, the target SNR is always higher INR, but the performance gain for IRC is only 1.3dB~2.2dB. 
· For cases with INR1= 7.77dB, INR2= 2.29dB, only cases with TDLA30-10, 4RX and TDLC300-100,4RX has the observation that target SNR is lower than INR, but the difference is small and can be ignored by addition of margin. Meanwhile, the performance gain for IRC is considerable (2.7dB~5.7dB).
· For cases with INR1= 13.91dB, INR2=3.34dB, the target SNR for most cases is far lower than INR.
From the above observations, INR1=7.77dB, INR2=2.29dB is the most suitable configuration among all the options. 
Proposal 4: Use INR1=7.77dB, INR =2.29dB for INR values.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]SSB configuration
[bookmark: _GoBack]For SSB configuration, one issue is whether to configure same SSB resources for serving cell and interference cells and it was agreed to bring the simulation results for PBCH performance for this meeting. During NR Rel-15 PBCH requirement definition, UE is required to combine all the SSBs within the MIB period (Four times) if needed, but it is unreasonable to always require UE to combine all the SSB within one MIB to achieve the best performance. We should consider the minimal requirement for PBCH. i.e. No combination. The simulation results with assumptions used for NR Rel-15 PBCH performance requirements are captured in Table 2-3. It is noted that requirements in yellow highlighted mean that the corresponding PBCH SNR point is higher than PDSCH SNR point with same simulation assumptions for channel model, number of antenna and INR level.
Table 2-3: Simulation results for PBCH performance requirements
	Target SNR(dB): 1% BLER of PBCH
	TDLA30-10
	TDLC300-100

	
	2RX
	4RX
	2RX
	4RX

	With combination three times
	INR1=5.43dB, INR2=-1.5dB
	4.0
	1.7
	3.6
	1.7

	
	INR1=7.77dB, INR2=2.29dB
	6.3
	4.0
	6.0
	4.1

	
	INR1=13.91dB, INR2=3.34dB
	10.5
	8.5
	10.6
	8.5

	With combination two times
	INR1=5.43dB, INR2=-1.5dB
	5.4
	2.6
	4.8
	2.8

	
	INR1=7.77dB, INR2=2.29dB
	8.2
	5.2
	7.5
	5.4

	
	INR1=13.91dB, INR2=3.34dB
	12.5
	9.8
	12.4
	10.2

	With combination one time
	INR1=5.43dB, INR2=-1.5dB
	7.4
	4.3
	7.0
	3.9

	
	INR1=7.77dB, INR2=2.29dB
	10.0
	7.1
	9.7
	6.8

	
	INR1=13.91dB, INR2=3.34dB
	14.7
	11.6
	14.8
	11.7

	Without combination
	INR1=5.43dB, INR2=-1.5dB
	11.4
	7.4
	18.0
	6.9

	
	INR1=7.77dB, INR2=2.29dB
	14.1
	10.2
	20.0
	9.7

	
	INR1=13.91dB, INR2=3.34dB
	18.9
	14.8
	24.8
	14.9


We have following observation with assumptions of without combination.
Observation 6: Without SSB combination, the target SNR of PBCH is higher than that of PDSCH for all cases with different options of INR values.
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.
Proposal 5: Consider no overlapping PBCH resources configuration for serving cell and interference cells.
Propagation conditions
Based on our simulation results, case with TDLC300-100 has worse performance than TDLA30-10 because of the poor accuracy of interference plus noise covariance estimation. If the UE pass the case with TDLC300-100, it can also pass the case with TDL30-10. Therefore, we slightly prefer TDLC300-100.
Proposal 6: Consider TDLC300-100
Test setup methodology for signal powers
Following options are listed as follows for this issue:
	· Performance measurement point
· Option 1: SINR at 70% TP
· Option 2: SNR at 70% TP
· Methodology for interference profile configuration
· Option 1: Use the DIP methodology 
· Option 2: Use the INR methodology


In LTE, SINR/DIP methodology is used for requirements definition. But we slightly prefer to use SNR/INR to make it more intuitive and readable.
Proposal 7: Use SNR for performance measurement and INR for interference profile configuration.
TRS-IC/IM processing 
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 considering of not mixing the IRC processing with TRS-IM processing, it should be defined the minimal requirements that no TRS-IC/IM is handled in simulation assumptions for simulation results alienment. We also introduce this scenario in Rel-18 and the TRS-IC/IM receiver has been analysed in our paper [2]
Proposal 8: Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
Conclusion
In this paper, we provide our discussions on inter-cell MMSE-IRC receiver. The observation and proposals are:
Proposal 1: Not consider asynchronized scenario.\
Observation 1: Modelling two interference cells will lead to larger INR level and the performance gain for IRC processing will be more obvious.
Observation 2: There is only 1.1dB performance gain for one interference cell with INR=3.1dB, MCS 13, TDLC and 2RX
Proposal 2: Use two modelled interference cells.
Observation 3: In RRM cell handover test, the power difference between interference and serving cell is 3dB for known target cell and 0dB for unknown target cell.
Proposal 3: Consider option 1, option 2 and option 4 as conditions for MCS and INR value selection.
Proposal 4: Use INR1=7.77dB, INR =2.29dB for INR values.
Proposal 5: Consider no overlapping PBCH resources for serving cell and interference cells.
Proposal 6: Consider TDLC300-100
Proposal 7: Use SNR for performance measurement and INR for interference profile configuration.
Proposal 8: Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
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