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1. Introduction 
In RAN4#101-bis-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 for requirements definition for PDSCH demod with ICI and simulation results.  
2. Requirements for Scenario 1
Common Test Parameters
The open issues on common test parameters are:
· Network Type
· SSB Configuration


Network Type
Options discussed in previous meeting for network type:
· Option 1: Only consider synchronized network
· Option 2: Include FDD asynchronized network type with applicability rule:
· For 2Rx/4Rx UE that only support FDD mode, we can have 1 HomNet test for aync scenario and 1 HetNet test for sync scenario.
· For 2Rx/4Rx UE that support both FDD and TDD modes, we can have 1 test for HomNet FDD async and 1 test for HetNet TDD sync respectively.

Synchronized network for FDD and TDD 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 a benefit of adding extra test cases and requirements for asynchronized network. 
Proposal #1: Only consider synchronized network for ICI requirements. 
 
SSB Configuration

The options for SSB configuration for interference cell 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 (All SSBs are in the same time/frequency resources) for all test
· Option 2: Use SSB Option 2 (Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources) for all test
· Option 3: Use different assumptions for different deployment scenarios: SSB Option 1 for homogeneous deployment assumptions and SSB Option 2 for heterogeneous deployment assumptions

Our preference is to have non-overlapping SSBs for serving and interference cells. But based on discussion it is our understanding that in real deployment scenarios for homogeneous networks at least it is common to have overlapping SSBs. Hence, we are supportive of option 3 to use overlapping SSB for homogeneous network and non-overlapping SSB for heterogeneous network. 
Proposal #2: Use different assumptions for different deployment scenarios: SSB Option 1 (overlapping) for homogeneous deployment and SSB Option 2 (non-overlapping) for heterogeneous deployment assumptions. 

Interference model
In RAN4#101-bis-e the agreements for common parameters were:
	INR values for homogenous Deployment and synchronous network
· INRs 7.77 and 2.29 dB in case of 2 interference cells and INR 5.49 dB in case of 1 interference cell




Open issues related to interference model are:
· INR values for heterogenous deployment
· Number of explicitly modeled interference cells
· Time and frequency offsets for synchronized network
· Interference modelling in PDCCH region

INR Values for Heterogeneous Deployment
The INR values for heterogenous network was discussed and following options were finalized: 
· Use INRs 11.39 and 5.45 dB in case of 2 interference cells are modelled
· Select one of the following options for scenario with 1 interference cell
· Option 1: INR 4.84 dB.
· Option 2: INR 7.58 dB
We provide the simulation results for with different INR values for FDD below for single interference cell for homogeneous network and heterogeneous network assumption. 
Table 1: Performance with different interference levels for single interference cell
	Ant. Config.
	INR1 (dB)
	Prop. Channel
	SNR (dB)
	SINR with MMSE-IRC

	
	
	
	MMSE
	MMSE-IRC
	Gain
	

	2x2
	5.49
	TDLC300-100
	12.1
	11.3
	0.7
	4.8

	2x4
	5.49
	TDLC300-100
	9.3
	7.9
	1.4
	1.3

	2x2
	4.84
	TDLA30-10
	10.6
	9.7
	0.9
	3.6

	2x4
	4.84
	TDLA30-10
	8.0
	5.7
	2.2
	-0.4

	2x2
	7.58
	TDLA30-10
	12.5
	11.0
	1.5
	2.7

	2x4
	7.58
	TDLA30-10
	9.7
	6.2
	3.5
	-2.1



The operating SNR and gain with option 2 is higher compared to option 1 because of higher INR. The INR in option1 is lower than INR for homogeneous deployment. Typically, the INR levels for heterogenous deployment would be higher than homogenous deployment. Give that the operating SINR is not very low, we propose to use option 2 for single cell INR value for heterogenous deployment assumption.
Proposal #3: Use INR value of 7.58dB for heterogeneous deployment assumption with 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: 2 interference cells for homogeneous deployment assumptions and 1 interference cell for heterogeneous deployment assumptions
The number of interference cells doesn’t impact UE processing with MMSE-IRC. Also, we from the results presented in subsequent section that 1 and 2 cell interference have comparable gains and operating SINR. Hence, we prefer to simplify the test setup and only enable 1 interference cell. 
Proposal #4: Define requirements for homogeneous and heterogeneous deployment with 1 interference cell. 

Time offset for synchronized network with 30KHz SCS
In the WF [1] from last meeting the following options were discussed for TDD 30KHz SCS: 
· 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
· Companies are encouraged to bring simulation results for both options next meeting to identify whether significant performance difference can be observed
We evaluate performance for homogenous and heterogenous deployments for 1 interference cell with different TO options. 

Table 2: Performance with different TO for TDD with 1 interference cell-2x2
	 
INR (dB) 
	Deployment/ TO option
	Prop. Channel
	SNR (dB)
	SINR w/ MMSE-IRC

	
	
	
	MMSE
	MMSE-IRC
	Gain
	

	5.49
	HomoNet Opt1
	TDLC300-100
	12.5
	11.6
	0.9
	5.0

	5.49
	HomoNet Opt2
	TDLC300-100
	12.5
	11.7
	0.8
	5.1

	7.58
	 HetNet Opt1
	TDLA30-10
	12.8
	10.9
	1.9
	2.6

	7.58
	 HetNet Opt2
	TDLA30-10
	12.8
	11.0
	1.8
	2.7



The results show that there is no significant delta between the 2 options for time offset. 
Observation #1: No significant performance delta with different TO assumptions with 1 interference cell. 
For synchronized network with TDD, the time offset of 3us in TDD with 30KHz SCS would no longer meet the synchronized network assumption since time offset is > CP length for 30KHz SCS and option 2 above would be more suitable. Hence, we propose to use time offset of interference cell as 1us. 
Observation #2: With time offset of 3us in 30KHz, the synchronized network assumption is no longer met.

Proposal #5: Define requirements with time offset of interference cell in TDD as 1us. 

Interference modelling in PDCCH region
Interference modeling in PDCCH region was discussed with the options below :
· Option 1: NR interference model to have unallocated RE’s in control region filled with QPSK randomly modulated symbols with random precoding for the number of antenna ports in the requirement scenario.
· Option 2: No interference signal in PDCCH region
· Option 3: Assume PDCCH transmission from interference cells
With option 2 to assume no interference in PDCCH region is not practical when we are defining requirements for PDSCH demod in ICI. It’s not practical to assume that there will be no interference on PDCCH. Typically, PDCCH would see interference from PDCCH in a synchronized network and it would be suitable to model it the same for ICI requirements. Since we are not evaluating PDCCH performance here, we should not have to evaluate impact of randomly modulated and precoded symbols vs PDCCH interference. PDCCH seeing PDCCH interference is more practical in our understanding.
Proposal #6: Model PDCCH interference from interference cells in PDCCH region.

Simulation Results 
For the simulation assumptions agreed in [1], we present the simulation results for FDD and TDD for 1 and 2 interference cells. 
HomoNet: INRs 7.77 and 2.29 dB in for 2 interference cells and INR 5.49 dB for 1 interference cell
HetNet: INRs 11.39 and 5.45 dB for 2 interference cells 
HetNet Opt1: INR 4.84 dB for 1 interference cell.
HetNet Opt2: INR 7.58 dB for 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 
	TDLC300-100
	12.1
	11.3
	0.7

	2x4
	1
	HomoNet 
	TDLC300-100
	9.3
	7.9
	1.4

	2x2
	1
	 HetNet Opt1
	TDLA30-10
	10.6
	9.7
	0.9

	2x4
	1
	 HetNet Opt1
	TDLA30-10
	8.0
	5.7
	2.2

	2x2
	1
	 HetNet Opt2
	TDLA30-10
	12.5
	11.0
	1.5

	2x4
	1
	 HetNet Opt2
	TDLA30-10
	9.7
	6.2
	3.5

	2x2
	2
	HomoNet
	TDLC300-100
	15.0
	14.4
	0.5

	2x4
	2
	HomoNet
	TDLC300-100
	12.3
	10.8
	1.6

	2x2
	2
	 HetNet
	TDLA30-10
	17.1
	15.8
	1.3

	2x4
	2
	 HetNet
	TDLA30-10
	14.3
	10.5
	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 
	TDLC300-100
	12.5
	11.6
	0.9

	2x4
	1
	HomoNet 
	TDLC300-100
	9.8
	8.3
	1.5

	2x2
	1
	 HetNet Opt1
	TDLA30-10
	10.8
	9.7
	1.2

	2x4
	1
	 HetNet Opt1
	TDLA30-10
	8.4
	6.1
	2.3

	2x2
	1
	 HetNet Opt2
	TDLA30-10
	12.8
	10.9
	1.9

	2x4
	1
	 HetNet Opt2
	TDLA30-10
	10.3
	6.6
	3.7

	2x2
	2
	HomoNet
	TDLC300-100
	15.5
	14.6
	0.9

	2x4
	2
	HomoNet
	TDLC300-100
	12.6
	11.2
	1.4

	2x2
	2
	 HetNet
	TDLA30-10
	17.3
	15.7
	1.6

	2x4
	2
	 HetNet
	TDLA30-10
	14.8
	10.7
	4.1




3. Requirements for scenario 2
Based on the WID scenario 2 with non-slot-based transmission was to be discussed after scenario 1 was stable. This is like uneven interference scenario discussed in Rel-18 demod enhancements. We don’t think that non-slot-based transmission is widely used in networks today. Also, based on the proposals in [2] it looks like an enhancement over MMSE-IRC receiver would be needed to handle this scenario. Also, additional signalling to indicate the interfered symbols would be needed for correct UE processing.
Observation #3: Non-slot-based transmission is not widely deployed in networks.
Observation #4: Handling of partial slot transmission needs some enhancements to baseline MMSE-IRC receiver assumed for ICI requirements
Observation #5: Additional signalling is needed for symbols with interference for correct UE processing
Given the observations above, we don’t support to further discuss requirements for scenario 2 in Rel-17.
Proposal #7: Do not introduce requirements in Rel-17 for non-slot-based transmission for ICI. 
3. Conclusion
In this paper, we provide our views on the open issues for requirements definition for PDSCH demod with ICI and simulation results. Our observations and proposals are captured below:
Common Test Parameters for Scenario 1
Proposal #1: Only consider synchronized network for ICI requirements. 
Proposal #2: Use different assumptions for different deployment scenarios: SSB Option 1 (overlapping) for homogeneous deployment and SSB Option 2 (non-overlapping) for heterogeneous deployment assumptions. 

Interference Model for Scenario 1
Proposal #3: Use INR value of 7.58dB for heterogeneous deployment assumption with 1 interference cell.
Proposal #4: Define requirements for homogeneous and heterogeneous deployment with 1 interference cell. 
Observation #1: No significant performance delta with different TO assumptions with 1 interference cell. 
Observation #2: With time offset of 3us in 30KHz, the synchronized network assumption is no longer met.
Proposal #5: Define requirements with time offset of interference cell in TDD as 1us. 
Proposal #6: Model PDCCH interference from interference cells in PDCCH region.

Requirements for Scenario 2
Observation #3: Non-slot-based transmission is not widely deployed in networks.
Observation #4: Handling of partial slot transmission needs some enhancements to baseline MMSE-IRC receiver assumed for ICI requirements
Observation #5: Additional signalling is needed for symbols with interference for correct UE processing
Proposal #7: Do not introduce requirements in Rel-17 for non-slot-based transmission for ICI. 
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