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Introduction
In the previous RAN4 meeting #100-bis-e, WFs on demodulation requirements [1] were approved and multititle agreements on Scenario 1 (slot-based transmission and aligned SCS among cells) were reached.
Based on work plan [2], we can have the initial discussion on Scenario 2 (non-slot-based transmission and aligned SCS among cells) in this RAN4 meeting.
In this paper we provide our view on UE demodulation requirements for MMSE-IRC receiver for both scenarios with inter-cell interference.
Discussion on scenario 1
Common test parameters
In the previous meeting the following agreements were reached on common test parameters
	· Network type
· 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. 
· SSB configuration 
· Option 1: Use SSB Option 1 for all test
· Option 2: Use SSB Option 2 for all test
· Option 3: Use different assumptions for different deployment scenarios:
· Option 3A: SSB Option 1 for homogeneous deployment assumptions and SSB Option 2 for heterogeneous deployment assumptions
· Option 3B: SSB Option 2 for homogeneous deployment assumptions and SSB Option 1 for heterogeneous deployment assumptions


Network type
In the previous RAN4 meeting, it was discussed whether to define the requirements for asynchronous scenarios. One of the main concerns to define such requirements is that interference special structure on different OFDM symbols within the slot will be different due to variable PDSCH precoder for interference cell signals. LTE requirements for asynchronous scenarios are defined under assumption of transmission mode 3 at the interference cells. For LTE transmission mode 3, special characteristics are same for signal with transmit diversity (Rank 1) or with large delay CDD (Rank 2). Therefore, there is no issue with variable interference special structure within the slot in LTE scenarios. In Figure 1 we provide the illustration of interference structure for scenario with 0.33 ms and 0.67 ms time offsets for interference cell #1 and #2 respectively.
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	[bookmark: _Ref92381409][bookmark: _Ref92381406]Figure 1. Interference structure for asynchronous scenario.


From this figure we can observe that UE potentially can observe three interference signals with different special structure within the slot (i.e. first third of the slot – one interference signal structure, first third of the slot – another interference signal structure and the last third of the signal – another interference signal structure).
In Table 1 we provide the summary of initial results for asynchronous case and comparison with results for synchronous case. For asynchronous scenario we consider the following options of interference modelling:
· Option 1: Random per-slot interference precoder and rank update
· Option 2: Fixed interference precoder and rank (random change per simulation)
· Option 3: Periodic interference precoder and rank update (10 ms periodicity is considered)
[bookmark: _Ref92384544]Table 1. Summary of simulation results for synchronous scenario.
	Test configuration
	SNR for 70% of max throughput, [dB]
	MMSE-IRC gain, [dB]

	
	Sync
	Async, Opt 1
	Async, Opt 2
	Async, Opt 3
	

	INR1
	INR2
	# Rx
	MRC
	IRC
	MRC
	IRC
	MRC
	IRC
	MRC
	IRC
	Sync
	Async
Opt 1
	Async
Opt 2
	Async
Opt 3

	5.43
	-1.5
	2
	11.6
	10.7
	11.6
	11.0
	11.4
	10.5
	11.4
	10.5
	0.9
	0.6
	0.9
	0.9

	
	
	4
	8.2
	6.6
	8.3
	7.2
	8.1
	6.6
	8.1
	6.7
	1.6
	1.1
	1.5
	1.4

	7.77
	2.29
	2
	13.8
	12.5
	13.7
	12.9
	13.4
	12.2
	13.5
	12.3
	1.3
	0.8
	1.2
	1.2

	
	
	4
	10.4
	7.7
	10.4
	8.5
	10.2
	7.7
	10.2
	7.8
	2.7
	1.9
	2.4
	2.4

	11.39
	5.45
	2
	15.6
	13.6
	15.7
	14.4
	15.3
	13.4
	15.4
	13.5
	2.0
	1.3
	1.9
	1.8

	
	
	4
	12.1
	6.9
	12.3
	8.5
	11.8
	7.3
	11.9
	7.4
	5.2
	3.8
	4.5
	4.5


Observation #1:	In case of random per-slot interference precoder, MMSE-IRC performance benefits for asynchronous scenarios are less in comparison to synchronous scenarios.
Observation #2:	In case of fixed or periodic interference precoder, MMSE-IRC performance benefits for asynchronous scenarios are rather close to performance synchronous scenarios.
Based on our results, we would like to conclude that, in case requirements for asynchronous scenarios will be defined for typical MMSE-IRC receiver with DMRS-based interference-plus-noise covariance matrix estimation, it is better to modify interference signal modelling assumptions to avoid per-slot interference precoder changes, which have impact on efficiency of basic MMSE-IRC processing.
Proposal 1:	Further discuss the following options:
· Option 1: Define requirements for asynchronous scenario with fixed or periodic interference precoder assumptions in Rel-17
· Option 2: Further discuss the definition of requirements for asynchronous scenario in Rel-18
SSB configuration
In the previous meetings, SSB configuration was discussed. At current stage we have the following options for SSB configuration:
· Option 1: All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· Option 2: Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
In Table 2 we provide the information about SNR operating points for PDSCH for 70% of maximum throughput and PBCH for 1% of BLER for scenarios with 1 and 2 explicit interference cells modelling and different INR values.
[bookmark: _Ref79189506][bookmark: _Ref79189499]Table 2. PDSCH and PBCH operating points.
	Interference parameters
	2 Rx
	4 Rx

	
	PDSCH SNR 
	PBCH SNR
	PDSCH SNR
	PBCH SNR

	
	
	Opt 1
	Opt 2
	
	Opt 1
	Opt 2

	INRs 5.43 and -1.50 dB
	10.7
	2.5
	-4.5
	6.6
	-0.9
	-7.9

	INR 3.1 dB
	8.5
	0.1
	-4.5
	5.1
	-3.2
	-7.9

	INRs 7.77 and 2.29 dB
	12.5
	5.0
	-4.5
	7.7
	1.5
	-7.9

	INR 5.49 dB
	9.3
	1.9
	-4.5
	5.4
	-1.5
	-7.9

	INRs 11.39 and 5.45 dB
	13.6
	9.0
	-2.3
	6.9
	4.4
	-6.6

	INR 4.84 dB
	8.0
	2.0
	-2.3
	4.2
	-2.3
	-6.6

	INR 7.58 dB
	8.8
	3.4
	-2.3
	4.4
	-0.4
	-6.6


From this table we can observe that there is no impact of PBCH decoding on PDSCH performance for different SSB mapping configurations. Therefore, we can consider different SSB configurations for different deployment scenarios to cover different cases in the requirements.
[bookmark: _Hlk92712696]Proposal 2:	Use different SSB configuration assumptions for different deployment scenarios: overlapping for homogeneous and non-overlapping for heterogeneous or vice versa.
Interference modelling
In the previous meeting the following agreements were reached on interference modelling
	· INR values for Homogeneous deployment assumptions
· 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
· INR values for HetNet deployment assumptions
· 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
· Number of explicitly modeled interference cells
· 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
· Time and frequency offsets for synchronized network
· FDD 15 kHz
· Time offset: The serving cell is 3 us for interfering cell 1 and -1 us for interfering cell 2 (in case modeled)
· Frequency shift: The serving cell is 300 Hz for interfering cell 1 and -100 Hz for interfering cell 2 (in case modeled)
· 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)


INR values for Homogeneous deployment assumptions
In the previous meeting several options on INR values were captured in WF. Option 1 is from LTE MMSE-IRC requirements and Options 2 is from LTE NAICS requirements. Based on our system level analysis from the one of the previous meetings [3], LTE NAICS INR values are closer to typical NR interference conditions. 
In Section 2.4 we provide the initial simulation results for different INR values. From these results, we can observe that using of INRs 5.43 and -1.50 dB (2 interference cells modelling) and INR 3.1 dB (1 interference cell modeling) maybe not sufficient for verification of MMSE-IRC performance, because the performance benefits is less than 1 dB for many cases. Therefore, to have sufficient MMSE-IRC performance benefits for testing, it is better to consider higher INR values. Also, based on system level analysis of NR scenarios from our paper [3], there are no cases with INRs close to 5.43 and -1.50 dB. Therefore, we suggest to consider INRs 7.77 and 2.29 dB in case of 2 interference cells modelling and INR 5.49 dB case of 1 interference cell modelling.
Proposal 3:	Consider INRs 7.77 and 2.29 dB (2 interference cells) or INR 5.49 dB (1 interference cell) for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario with Homogeneous deployment assumptions.
INR values for Heterogeneous deployment assumptions
In the previous RAN4 meeting it was agreed to consider INRs 11.39 and 5.45 dB (in case of 2 interference cells) and INR 4.84 dB (in case of 1 interference cell) as baseline options for requirements definition with Heterogenous deployment assumptions. 
Based on our understanding, INR value for scenario with 1 interference cell was defined using the following equation:

However, based on our discussion from the previous meeting [4], using of the following equation is more aligned with INR definition methodology for LTE NAICS analysis:

Also, we think that it looks strange that INR values for HetNet are higher than for HomoNet for scenario with 2 interference cells modelling. Same time, INR value for HetNet is lower than for HomoNet for scenario with 1 interference cell modelling. Therefore, we suggest to use new equation provided below to calculate INR values for HetNet with 1 interference cell modelling. Based on this equation, we suggest to consider 7.58 dB INR.
Based on simulation results from Section 2.4, we can observe that SINR for ideal MMSE-IRC results are rather close to -6 dB for scenario with INRs 11.39 and 5.45 dB. However, the SINR value for final requirement point will be higher after adding of impairments. Therefore, we would like to confirm using of INRs 11.39 and 5.45 dB as baseline option for requirements definition with Heterogeneous deployment assumptions.
Proposal 4:	Consider INRs 11.39 and 5.45 dB (2 interference cells) or INR 7.58 dB (1 interference cell) for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario with Heterogeneous deployment assumptions.
Number of explicitly modelled interference cells
Another question is how many interference cells should be modelled in the test: 1 or 2. In Figure 2 we provide the system level analysis for NR UMa scenario with 2 GHz CF. In this figure we illustrate the CDF of ratio of the total receive signal power from dominant (explicitly modelled) interference cells to the total receive signal power from all interference cells.
	[image: ]

	[bookmark: _Ref79083038]Figure 2. Analysis for number of dominant interference cells.


Observation #3:	If 1 interference cell is explicitly modelled then the contribution of the total receive signal power from dominant interference cell to the total receive signal power from all interference cells is 50% or less for the 50% of user.
Observation #4:	In 2 interference cells are explicitly modelled then the contribution of the total receive signal power from dominant interference cells to the total receive signal power from all interference cells is 73% or less for the 50% of user
Based on above analysis, it can be observed that explicit modelling of higher number of interference cells will lead to more practical conditions. However, we need to take into account the test complexity. Therefore, we think that explicit modelling of 2 interference cells (i.e. similar to LTE NAICS and some LTE MMSE-IRC requirements) is rather good solution to achieve the trade-off between test complexity and practical conditions.
Also, based on analysis from Section 2.4 we can observe that 2 cells interference modelling allows to achieve higher performance benefits of MMSE-IRC processing in comparison to scenario with 1 cell interference modelling for most of considered scenarios.
Proposal 5:	Use explicit modelling of 2 interference cells for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Time offsets for synchronized network
In the previous RAN4 meeting it was agreed to use 3 us and -1us time offsets for interference cells for scenario with 15 kHz SCS. Same time, time offset configuration for scenario with 30 kHz SCS is under discussion. At current stage, the following options are captured in the way forward document:
· Option 1: 3 us for interfering cell 1 and -1 us for interfering cell 2
· Option 2: 1 us for interfering cell 1 and -0.25 us for interfering cell 2
Option 1 is same setting as for 15 kHz SCS. Option 2 is reuse of assumption of Rel-16 eMIMO multi-TRP PDSCH requirements. However, 2 us and -0.5 us time offset values are used for multi-TRP requirements with 15 kHz SCS. It means that time offset values for 30 kHz are two times less than for 15 kHz case for multi-TRP requirements. Such approach makes sense for multi-TRP requirements, because signals from different TRPs are useful signals and we need to ensure that time offsets are within CP to guaranty reliable performance. Also, Rel-16 multi-TRP are defined under assumption of intra-cell operation. However, as a part of these discussion, we consider inter-cell time offset and, also, it is not required to consider the scenario with time offsets for all serving and interference signals are within CP, because UE will be able to correctly mitigate the interference even in case of time offset is slightly higher than CP. Based on our results from Section 2.4, there is no issue with using of 3 us and -1 us timing offset values for TDD scenarios with 30 kHz SCS.
Proposal 6:	Use the following time offset configuration for TDD requirements: 3 us for interfering cell 1 and -1 us for interfering cell 2 (in case modelled).
Target PDSCH parameters
In the previous meeting the following agreements were reached on the target PDSCH parameters
	· MCS
· Use MCS 13 for homogeneous deployment assumptions
· [bookmark: _Hlk92398396]Use MCS 13 as baseline for heterogeneous deployment assumptions
· It can be revised in the next RAN4 meeting in case any technical issue is raised


Based on our analysis from Section 2.4, we can observe that using of MCS13 is sufficient and feasible for MMSE-IRC testing for both deployment assumptions with proper INR settings selection. Therefore, we would like to confirm using of MCS 13 for MMSE-IRC PDSCH demodulation requirements.
Proposal 7:	Use MCS 13 for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference Homogeneous and Heterogeneous scenario.
Simulation results
In this section we provide our initial simulation results for the following assumptions 
· CBW/SCS: 10 MHz 15 kHz for FDD and 40 MHz 30 kHz for FDD
· Channel models: TDLC300-100 for Homogeneous deployment and TDLA30-10 for Heterogeneous deployment
· Antenna configurations: 2x2 and 2x4
· FRC: Rank 1, MCS 13
· Interference power profiles:
· Option 1a: 5.43 and -1.50 dB
· Option 1b: 3.1 dB
· Option 2a: 7.77 and 2.29 dB
· Option 2b: 5.49 dB
· Option 3a: 11.39 and 5.45 dB
· Option 3b: 4.84 dB
· Option 3c: 7.58 dB
In Table 3 and Table 4 we provide the summary of simulation results for Homogeneous and Heterogeneous deployments, respectively.
[bookmark: _Ref85817796]Table 3. Summary of link level analysis for Homogeneous deployment
	Test configuration
	SNR for 70% of max throughput, [dB]
	MMSE-IRC SINR, [dB]
	MMSE-IRC gain, [dB]

	
	FDD
	TDD
	
	

	INR1
	INR2
	# Rx
	MMSE-MRC
	MMSE-IRC
	MMSE-MRC
	MMSE-IRC
	FDD
	TDD
	FDD
	TDD

	5.43
	-1.5
	2
	11.6
	10.7
	12.0
	11.1
	3.5
	3.9
	0.9
	0.9

	
	
	4
	8.2
	6.6
	8.7
	7.1
	-0.5
	0.0
	1.6
	1.6

	3.10
	N/A
	2
	9.2
	8.5
	9.6
	8.9
	3.7
	4.0
	0.7
	0.7

	
	
	4
	5.9
	5.1
	6.2
	5.4
	0.2
	0.6
	0.8
	0.8

	7.77
	2.29
	2
	13.8
	12.5
	14.2
	13.0
	3.1
	3.7
	1.3
	1.2

	
	
	4
	10.4
	7.7
	11.1
	8.3
	-1.7
	-1.1
	2.7
	2.8

	5.49
	N/A
	2
	10.7
	9.3
	11.1
	9.7
	2.7
	3.1
	1.4
	1.4

	
	
	4
	7.4
	5.4
	7.8
	5.8
	-1.2
	-0.7
	2.0
	2.0



[bookmark: _Ref91774297]Table 4. Summary of link level analysis for Heterogeneous deployment
	Test configuration
	SNR for 70% of max throughput, [dB]
	MMSE-IRC SINR, [dB]
	MMSE-IRC gain, [dB]

	
	FDD
	TDD
	
	

	INR1
	INR2
	# Rx
	MMSE-MRC
	MMSE-IRC
	MMSE-MRC
	MMSE-IRC
	FDD
	TDD
	FDD
	TDD

	11.39
	5.45
	2
	15.6
	13.6
	16.0
	14.0
	1.0
	1.3
	2.0
	2.0

	
	
	4
	12.1
	6.9
	12.6
	7.3
	-5.7
	-5.3
	5.2
	5.3

	4.84
	N/A
	2
	9.3
	8.0
	9.5
	8.2
	1.9
	2.2
	1.3
	1.2

	
	
	4
	5.8
	4.2
	6.2
	4.5
	-1.9
	-1.6
	1.6
	1.7

	7.58
	N/A
	2
	11.1
	8.8
	11.3
	9.1
	0.5
	0.8
	2.3
	2.2

	
	
	4
	7.6
	4.4
	8.0
	4.7
	-3.9
	-3.6
	3.2
	3.3


Observation #5:	MMSE-IRC performance benefits for scenario with INRs 5.43 and -1.50 dB and with 2 Rx are less than 1 dB.
Observation #6:	MMSE-IRC performance benefits for scenario with INR 3.10 dB are less than 1 dB.
Observation #7:	MMSE-IRC SINR operating for 4 Rx case and INRs 11.39 and 5.45 is rather close to -6 dB.
Discussion on scenario 2
In this section we provide our view on requirements definition for Scenario 2 (non-slot-based transmission and aligned SCS among cells).
Common test and Serving cell parameters
Taking into account limited timelines for definition of Rel-17 demodulation requirements, we suggest to reuse the most of parameters agreed for Scenario 1 to make the further analysis for Scenario 2. In particular, we suggest to consider the following assumptions:
· Common parameters
· Synchronized network
· SCS/CBW: FDD 15kHz/10MHz, TDD 30kHz/40MHz
· PDCCH allocation in time domain: symbols #0 and #1 of each slot
· PDSCH allocation in frequency domain for all cells: Full PRB
· TRS/CSI-RS configuration: Colliding among the cells
· Propagation conditions: TDLC300-100 or TDLA30-10
· Antenna configuration: 2x2 and 2x4 ULA Low
· Serving cell parameters
· PDSCH FRC for serving cell: Rank 1, MCS 13
· PDSCH allocation in time domain: Mapping type A, Start symbol 2, Duration 12
· DMRS configuration: DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data
· PRB bundle size: Set PRB bundle size as 2 for target PDSCH
· HARQ process number: 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS as baseline 
· Precoding model: Random precoder with Type I SP codebook
Proposal 8:	Reuse the following Scenario 1 assumptions for further performance analysis for Scenario 2:
· Common parameters: 
· Synchronized network
· SCS/CBW: FDD 15kHz/10MHz, TDD 30kHz/40MHz
· PDCCH allocation in time domain: symbols #0 and #1 of each slot
· PDSCH allocation in frequency domain for all cells: Full PRB
· TRS/CSI-RS configuration: Colliding among the cells
· Propagation conditions: TDLC300-100 or TDLA30-10
· Antenna configuration: 2x2 and 2x4 ULA Low
· Serving cell parameters
· PDSCH FRC for serving cell: Rank 1, MCS 13
· PDSCH allocation in time domain: Mapping type A, Start symbol 2, Duration 12
· DMRS configuration: DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data
· PRB bundle size: Set PRB bundle size as 2 for target PDSCH
· HARQ process number: 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS as baseline 
· Precoding model: Random precoder with Type I SP codebook
Interference modelling
As for interference modelling for Scenario 2, we suggest to consider the following assumptions from assumptions for Scenario 1:
· Transmission rank: Random rank with 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s)
· Precoding: Random precoding with single panel type I codebook per slot and per PRB bundling granularity, with PRB bundling size of 2.
· Modulation order: 16QAM randomly modulated symbols.
· INR values:
· Option 1: 7.77 and 2.29 dB
· Option 2: 11.39 and 5.45 dB
The only parameters which we suggest to change in comparison to Scenario 1 are PDSCH mapping in time domain and DMRS configuration:
· Scenario 2-1: Type A PDSCH mapping with starting symbol 2 and duration 5 for both interference cells, Single symbol front-loaded DMRS and no additional DMRS.
· Scenario 2-2: Type A PDSCH mapping with starting symbol 2 and duration 5 for interference cell #1 and Type B PDSCH mapping with starting symbol 7 and duration 7 for interference cell #2, Single symbol front-loaded DMRS and no additional DMRS.
In Figure 3 we provide the illustration of PDSCH and DMRS mapping for these scenarios.
	Scenario 2-1
[image: ]

	Scenario 2-2
[image: ]

	[bookmark: _Ref68182254]Figure 3. PDSCH and DMRS mapping for Scenario 2



Proposal 9:	Consider the following interference modelling assumptions for Scenario 2:
· Transmission rank: Random rank with 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s)
· Precoding: Random precoding with single panel type I codebook per slot and per PRB bundling granularity, with PRB bundling size of 2.
· Modulation order: 16QAM randomly modulated symbols.
· PDSCH mapping in time domain and DMRS configuration:
· Scenario 2-1: Type A PDSCH mapping with starting symbol 2 and duration 5 for both interference cells, Single symbol front-loaded DMRS and no additional DMRS.
· Scenario 2-2: Type A PDSCH mapping with starting symbol 2 and duration 5 for interference cell #1 and Type B PDSCH mapping with starting symbol 7 and duration 7 for interference cell #2, Single symbol front-loaded DMRS and no additional DMRS.
Reference receiver assumptions
As for receiver assumptions for scenarios considered in the previous section, typical MMSE-IRC with DMRS based covariance matrix estimation and with estimation granularity in time domain equal to slot can be not optimal. For example, UE can estimate covariance matrix on first and second DMRS symbol separately and use covariance matrix from the first DMRS for demodulation of resource elements in the first half of slot and covariance matrix from the second DMRS for demodulation of resource elements in the second half of slot.
Performance analysis for such receiver is provided in Section 3.4. We can observe that for some scenarios using of enhanced MMSE-IRC processing allows to achieve up to 1.6 dB gain in comparison to basic MMSE-IRC processing.
Proposal 10:	Consider the following reference receiver assumptions for Scenario 2: 
· MMSE-IRC with DMRS based covariance matrix estimation
· Use covariance matrix from the first DMRS for demodulation of resource elements in the first half of slot and covariance matrix from the second DMRS for demodulation of resource elements in the second half of slot.
Simulation results
In Figure 4 we provide the simulation results for scenarios with different interference PDSCH mapping options and INR values.
	Scenario 2-1
	Scenario 2-2

	TDL-C channel model, INRs 7.77 and 2.29 dB
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	TDL-A channel model, INRs 11.39 and 5.45 dB
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	[bookmark: _Ref92712367]Figure 4. Simulation results for Scenario 2.


Observation #8:	Enhanced MMSE-IRC processing with per-half slot processing leads to additional 0.7 dB performance improvement in comparison to MMSE-IRC processing for Scenario 2-1.
Observation #9:	Enhanced MMSE-IRC processing with per-half slot processing leads to additional 1.6 dB performance improvement in comparison to MMSE-IRC processing for Scenario 2-2.
Conclusion
In this paper we provided view on UE requirements for MMSE-IRC receiver for scenario with inter-cell interference and made the following proposals and observations:
Scenario 1 (slot-based transmission and aligned SCS among cells)
Observation #1:	In case of random per-slot interference precoder, MMSE-IRC performance benefits for asynchronous scenarios are less in comparison to synchronous scenarios.
Observation #2:	In case of fixed or periodic interference precoder, MMSE-IRC performance benefits for asynchronous scenarios are rather close to performance synchronous scenarios.
Proposal 1:	Further discuss the following options:
· Option 1: Define requirements for asynchronous scenario with fixed or periodic interference precoder assumptions in Rel-17
· Option 2: Further discuss the definition of requirements for asynchronous scenario in Rel-18
Proposal 2:	Use different SSB configuration assumptions for different deployment scenarios: overlapping for homogeneous and non-overlapping for heterogeneous or vice versa.
Proposal 3:	Consider INRs 7.77 and 2.29 dB (2 interference cells) or INR 5.49 dB (1 interference cell) for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario with Homogeneous deployment assumptions.
Proposal 4:	Consider INRs 11.39 and 5.45 dB (2 interference cells) or INR 7.58 dB (1 interference cell) for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario with Heterogeneous deployment assumptions.
Observation #3:	If 1 interference cell is explicitly modelled then the contribution of the total receive signal power from dominant interference cell to the total receive signal power from all interference cells is 50% or less for the 50% of user.
Observation #4:	In 2 interference cells are explicitly modelled then the contribution of the total receive signal power from dominant interference cells to the total receive signal power from all interference cells is 73% or less for the 50% of user
Proposal 5:	Use explicit modelling of 2 interference cells for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Proposal 6:	Use the following time offset configuration for TDD requirements: 3 us for interfering cell 1 and -1 us for interfering cell 2 (in case modelled).
Proposal 7:	Use MCS 13 for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference Homogeneous and Heterogeneous scenario.
Observation #5:	MMSE-IRC performance benefits for scenario with INRs 5.43 and -1.50 dB and with 2 Rx are less than 1 dB.
Observation #6:	MMSE-IRC performance benefits for scenario with INR 3.10 dB are less than 1 dB.
Observation #7:	MMSE-IRC SINR operating for 4 Rx case and INRs 11.39 and 5.45 is rather close to -6 dB.

Scenario 2 (non-slot-based transmission and aligned SCS among cells)
Proposal 8:	Reuse the following Scenario 1 assumptions for further performance analysis for Scenario 2:
· Common parameters: 
· Synchronized network
· SCS/CBW: FDD 15kHz/10MHz, TDD 30kHz/40MHz
· PDCCH allocation in time domain: symbols #0 and #1 of each slot
· PDSCH allocation in frequency domain for all cells: Full PRB
· TRS/CSI-RS configuration: Colliding among the cells
· Propagation conditions: TDLC300-100 or TDLA30-10
· Antenna configuration: 2x2 and 2x4 ULA Low
· Serving cell parameters
· PDSCH FRC for serving cell: Rank 1, MCS 13
· PDSCH allocation in time domain: Mapping type A, Start symbol 2, Duration 12
· DMRS configuration: DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data
· PRB bundle size: Set PRB bundle size as 2 for target PDSCH
· HARQ process number: 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS as baseline 
· Precoding model: Random precoder with Type I SP codebook
Proposal 9:	Consider the following interference modelling assumptions for Scenario 2:
· Transmission rank: Random rank with 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s)
· Precoding: Random precoding with single panel type I codebook per slot and per PRB bundling granularity, with PRB bundling size of 2.
· Modulation order: 16QAM randomly modulated symbols.
· PDSCH mapping in time domain and DMRS configuration:
· Scenario 2-1: Type A PDSCH mapping with starting symbol 2 and duration 5 for both interference cells, Single symbol front-loaded DMRS and no additional DMRS.
· Scenario 2-2: Type A PDSCH mapping with starting symbol 2 and duration 5 for interference cell #1 and Type B PDSCH mapping with starting symbol 7 and duration 7 for interference cell #2, Single symbol front-loaded DMRS and no additional DMRS.
Proposal 10:	Consider the following reference receiver assumptions for Scenario 2: 
· MMSE-IRC with DMRS based covariance matrix estimation
· Use covariance matrix from the first DMRS for demodulation of resource elements in the first half of slot and covariance matrix from the second DMRS for demodulation of resource elements in the second half of slot.
Observation #8:	Enhanced MMSE-IRC processing with per-half slot processing leads to additional 0.7 dB performance improvement in comparison to MMSE-IRC processing for Scenario 2-1.
Observation #9:	Enhanced MMSE-IRC processing with per-half slot processing leads to additional 1.6 dB performance improvement in comparison to MMSE-IRC processing for Scenario 2-2.
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