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1. Introduction 
In RAN4#101-e PDSCH demodulation requirements with MMSE-IRC for inter-cell interference was discussed and way forward [1] was agreed. In this contribution we present our views on the open issues, simulation assumptions for requirements definition and simulation results.  
2. Discussion
Common Test Parameters
In RAN4#101-e the agreements for common parameters were:
	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.
Propagation condition
· Use TDLC300-100 for homogeneous deployment assumptions and TDLA30-10 for heterogeneous deployment assumptions 



Open issues on common test parameters are:
· Network Type
· SSB Configuration


Network Type
Synchronized network for FDD and TD is the baseline assumption for requirements in ICI with MMSE-IRC receiver. For ICI scenarios the interference and target cells might not be synchronized but considering synchronized network would have the worse impact on UE performance. Moreover, we don’t see any impact to MMSE-IRC receiver processing for asynchronized network. We don’t see the purpose of considering asynchronous network for ICI scenarios.
Proposal #1: Only consider synchronized network for ICI requirements. 
 
SSB Configuration

The SSB configuration for interference cell was discussed with the following options in [1]:
· SSB Option 1: All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· SSB Option 2: Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
In [1] the SSB configuration was discussed and following options for requirements definition were presented:
· 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

We already agreed that TRS from serving and interfering cells are overlapping. We prefer to keep SSB non overlapping as the impact to UE demodulation is unknown. The tracking loops might be affected in the actual test with overlapping SSBs and depending on the operating SINR. Give than SSB configuration is very flexible and multiple SSB configurations are possible between cells, we don’t see the necessity to have overlapping SSB for target and interfering cells.
Proposal #2: Configure non-overlapping SSBs on target and interfering cells. 

Interference model
In RAN4#101-e the agreements for common parameters were:
	Deployment
· Introducing test cases with different parameters for Homogenous scenario and HetNet scenario with minimized test cases:
· One test case applied for Homogenous for each duplex mode and 2Rx/4Rx
· One test case applied for HetNet for each duplex mode and 2Rx/4Rx
· If UE supporting both TDD and FDD with same Rx number, UE will pass test case under homogenous scenario with FDD mode, and pass test case under HetNet scenario with TDD mode
INR values for HetNet Deployment
· 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.




Open issues related to interference model are:
· INR values for Homogeneous deployment
· Number of explicitly modeled interference cells
· Time and frequency offsets for synchronized network
INR Values for Homogeneous Deployment
The INR values for homogeneous network was discussed and following options were finalized: 
· 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

Number of explicitly modelled interference cells
Options discussed for number of 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
Based on the simulation assumptions agreed, we present results for homogenous deployment scenario with 1 and 2 interference cells with different interference levels.
Channel Model: TDLC300-100

Scenario 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

Table 1: Simulation Results for HomNet Scenario 1
	Ant. Conf.
	Num Interf Cells
	SNR (dB)
	Gain
	SINR with MMSE-IRC

	
	
	MMSE
	MMSE-IRC
	
	

	2x2
	1
	10.6
	9.8
	0.8
	3.3

	
	2
	13.4
	12.9
	0.5
	3.5

	2x4
	1
	6.9
	5.4
	1.5
	-1.2

	
	2
	9.8
	8.2
	1.6
	-1.1



The operating SINR and gain with MMSE-IRC are very comparable between 1 and 2 interference cells. 

Scenario 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
Table 2: Simulation Results for HomNet Scenario 2
	Ant. Conf.
	Num Interf Cells
	SNR (dB)
	Gain
	SINR with MMSE-IRC

	
	
	MMSE
	MMSE-IRC
	
	

	2x2
	1
	9.0
	8.6
	0.3
	3.8

	
	2
	11.4
	11.0
	0.5
	3.8

	2x4
	1
	5.5
	4.4
	1.1
	-0.4

	
	2
	7.7
	6.6
	1.1
	-0.5



For scenario 2 as well the operating SINR and gain with MMSE-IRC are very comparable between 1 and 2 interference cells. 
Since the INR levels are higher in scenario 2 the gain with MMSE-IRC is more compared to scenario 1 as expected. 
Observation #1: The operating SINR and gain with MMSE-IRC are very comparable between 1 and 2 interference cells in both scenarios.
Observation #2: The gain with MMSE-IRC is more with scenario 1 compared to scenario 2 since the INR levels are higher. 
The number of interference cells doesn’t impact UE processing with MMSE-IRC and given the comparable gains and operating SINR, we prefer to simplify the test setup and only enable 1 interference cell. Given the above observation, we recommend defining requirements for homogenous deployment with 1 interference cell with INR of 5.49 dB. 
Proposal #3: For homogeneous network define requirements with 1 interference cell with INR 5.49 dB. 
Proposal #4: For HetNet deployment define requirements with 1 interference cell. 

Time and Frequency offset for synchronized network
In the WF [1] from last meeting the following were agreed: 
· 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 precluded
· Frequency shift: The serving cell is 300 Hz for interfering cell 1 and -100 Hz for interfering cell 2 (in case modeled)
For synchronized network with TDD, the time offset of 3us in TDD with 30KHz SCS would no longer meet the synchronized network assumption and option 2 above would be more suitable. Hence, we propose to use time offset of interference cell as 1us. 
Proposal #5: Define requirements with time offset of interference cell in TDD as 1us. 
Simulation Results
For the simulation assumptions agreed in [1] and also captured in the appendix, we present the simulation results for FDD and TDD for 1 and 2 interference cells. 
HomoNet 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
HomoNet 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
HetNet: INRs 11.39 and 5.45 dB in case of 2 interference cells and INR 4.84 dB in case of 1 interference cell.
FDD
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)

Table 3: Simulation results with FDD
	Ant. Config.
	# Interf Cells
	Deployment
	Prop. Channel
	SNR (dB)

	
	
	
	
	MMSE
	MMSE-IRC
	Gain

	2x2
	1
	HomoNet Opt 1
	TDLC300-100
	10.6
	9.8
	0.8

	2x4
	1
	HomoNet Opt 1
	TDLC300-100
	6.9
	5.4
	1.5

	2x2
	1
	HomoNet Opt 2
	TDLC300-100
	9.0
	8.6
	0.3

	2x4
	1
	HomoNet Opt 2
	TDLC300-100
	5.5
	4.4
	1.1

	2x2
	1
	 HetNet
	TDLA30-10
	9.1
	8.2
	0.9

	2x4
	1
	 HetNet
	TDLA30-10
	5.4
	3.2
	2.2

	2x2
	2
	HomoNet Opt 1
	TDLC300-100
	13.4
	12.9
	0.5

	2x4
	2
	HomoNet Opt 1
	TDLC300-100
	9.8
	8.2
	1.6

	2x2
	2
	HomoNet Opt 2
	TDLC300-100
	11.4
	11.0
	0.5

	2x4
	2
	HomoNet Opt 2
	TDLC300-100
	7.7
	6.6
	1.1

	2x2
	2
	 HetNet
	TDLA30-10
	15.6
	14.3
	1.2

	2x4
	2
	 HetNet
	TDLA30-10
	11.8
	8.0
	3.7



TDD
Time offset: The serving cell is 1us for interfering cell 1 and -0.25 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)
Table 4: Simulation results with TDD
	Ant. Config.
	# Interf Cells
	Deployment
	Prop. Channel
	SNR (dB)

	
	
	
	
	MMSE
	MMSE-IRC
	Gain

	2x2
	1
	HomoNet Opt 1
	TDLC300-100
	11.1
	10.4
	0.6

	2x4
	1
	HomoNet Opt 1
	TDLC300-100
	7.4
	6.1
	1.3

	2x2
	1
	HomoNet Opt 2
	TDLC300-100
	9.5
	9.1
	0.4

	2x4
	1
	HomoNet Opt 2
	TDLC300-100
	5.8
	5.3
	0.5

	2x2
	1
	 HetNet
	TDLA30-10
	9.4
	8.6
	0.8

	2x4
	1
	 HetNet
	TDLA30-10
	6.0
	3.9
	2.1

	2x2
	2
	HomoNet Opt 1
	TDLC300-100
	14.0
	13.4
	0.6

	2x4
	2
	HomoNet Opt 1
	TDLC300-100
	10.1
	9.0
	1.1

	2x2
	2
	HomoNet Opt 2
	TDLC300-100
	11.8
	11.5
	0.4

	2x4
	2
	HomoNet Opt 2
	TDLC300-100
	8.2
	7.1
	1.1

	2x2
	2
	 HetNet
	TDLA30-10
	15.8
	14.6
	1.2

	2x4
	2
	 HetNet
	TDLA30-10
	12.2
	8.6
	3.6




3. Conclusion
In this paper, we provide our views on the open issues, simulation assumptions for requirements definition and simulation results. Our observations and proposals are captured below:
Proposal #1: Only consider synchronized network for ICI requirements. 
Proposal #2: Configure non-overlapping SSBs on target and interfering cells. 
Observation #1: The operating SINR and gain with MMSE-IRC are very comparable between 1 and 2 interference cells in both scenarios.
Observation #2: The gain with MMSE-IRC is more with scenario 1 compared to scenario 2 since the INR levels are higher. 
Proposal #3: For homogeneous network define requirements with 1 interference cell with INR 5.49 dB. 
Proposal #4: For HetNet deployment define requirements with 1 interference cell. 
Proposal #5: Define requirements with time offset of interference cell in TDD as 1us. 
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Appendix
Table A-1: Simulation parameters for PDSCH requirements in ICI
	Parameter
	Target Cell
	Interference Cell(s)

	Duplex mode
	FDD
TDD

	Active DL BWP index
	1
	1

	CBW/SCS
	FDD:10 MHz/ 15 KHz
TDD: 40MHz/ 30KHz

	RB allocation
	Full bandwidth

	MIMO layer
	Rank 1
	Mixed rank: {70% Rank 1, 30% Rank 2}

	Antenna Config and Correlation
	2x2, ULA Low
2x4, ULA Low

	Channel
	TDLA-30-10
TDLC-300-100

	SNR
	Simulation parameter
	Homogenous deployment:
Opt1: 5.49/{7.77,2,29}
Opt2: 3.1/{5.43, -1.5}
Heterogeneous deployment:
4.84/{11.39, 5.45}

	Frequency Offset
	0
	Cell 1: 300Hz
Cell 2: -100 Hz

	Time Offset
	0
	FDD: 3us, -1us
TDD: 1us, -0.25us

	PDSCH configuration

	Mapping type
	Type A
	Type A

	Starting symbol (S) 
	2
	2

	Length (L)
	12
	12

	PDSCH DMRS configuration

	DMRS Type
	Type 1
	Type 1

	Number of additional DMRS
	1
	1

	Maximum number of OFDM symbols for DL front loaded DMRS
	1
	1

	DMRS Ports
	1 Layer:1000
	1 Layer:1000
2 Layers 1000,1001

	Precoding Model

	Granularity
	2 PRB

	Type
	Randomly generated per slot from SP Type I codebook

	HARQ Parameters

	Number of HARQ Processes
	4
	N/A

	Maximum HARQ transmission
	4
	N/A





