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1. Introduction
In the RAN4#101-e meeting, the test parameters for MMSE-IRC receiver for suppressing inter-cell interference were discussed, and the WF was approved in [1].
In this paper, we give our views on the remaining open issues in section 2 and we provide simulation results in section 3.
2. Discussion
In this section, we discuss the test parameters for PDSCH demodulation requirements with MMSE-IRC receiver.
2.1 Common Test Parameters
Network Type
Status in the WF in [1]:
· 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.
· [bookmark: _Hlk91769177]For asynchronized scenario, reusing LTE configuration of time/frequency offset as starting point. 
In the last meeting, it was agreed to use synchronized network as the baseline assumption, and interested companies are encouraged to bring results for async scenario under the baseline assumption of MMSE-IRC receiver.
In this contribution, we provide the performance difference between MMSE-IRC receiver under sync and async scenarios with 1 interference cell. 
In the simulation, the time/frequency offset configuration in LTE is reused, i.e., 0.33ms time offset and 0Hz frequency offset. With the above time offset between the target and the neighbor cells, UE will observe different interference power on the 2 DMRS symbols, since the precoding matrix and layer number is updated each slot in the neighbor cell.
Note that the baseline MMSE-IRC is used in the simulation where UE does not aware of the async network and it will simply do Rnn estimation on the DMRS symbol.
2 kinds of possible Rnn estimation implementation were simulated: within each PRB bundling, 1) UE only use the first DMRS symbol for Rnn estimation; 2) UE use the averaged estimated Rnn on the 2 DMRS symbols.
Simulation results are shown as follows:
Table 1. Performance Comparison for Sync and Async Deployment under HomNet scenario with 1 interference cell, TDLC300-100 channel model
	Sync/Async
	Rx Number
	INR Value
	MCS
	MMSE Baseline
	MMSE-IRC
(Rnn estimation with the first DMRS symbol only / Averaged estimated Rnn on 2 DMRS symbols)

	Sync
	2Rx
	3.10
	13
	9.6
	8.6 / 8.1

	Async
	
	3.10
	13
	9.6
	10.4 / 8.7



It can be observed from the results that:
1) The performance of MMSE receiver for sync and async is similar, since the interference power level is the same for each slot in the neighbor cell.
2) Performance degradation for MMSE-IRC in async scenario compared with sync scenario is observed, due to the lower accuracy of Rnn estimation.
3) The MMSE-IRC receiver can still achieve reasonable performance gain over MMSE receiver under async scenarios, only when the UE use the averaged estimated Rnn on the 2 DMRS symbols.
[bookmark: _Hlk91773893]Considering the above, we propose to include MMSE-IRC performance requirements for async FDD scenarios, to better verify the UE MMSE-IRC implementation since we cannot always assume the real networks are well synchronized.
Observation 1:
1) The performance of MMSE receiver for sync and async is similar, since the interference power level is the same for each slot in the neighbor cell.
2) Performance degradation for MMSE-IRC in async scenario compared with sync scenario is observed, due to the lower accuracy of Rnn estimation.
3) The MMSE-IRC receiver can still achieve reasonable performance gain over MMSE receiver under async scenarios, only when the UE use the averaged estimated Rnn on the 2 DMRS symbols.
Proposal 1: Include MMSE-IRC performance requirements for async FDD scenarios, to better verify the UE MMSE-IRC implementation since we cannot always assume the real networks are well synchronized.

SSB configuration
Status in the WF in [1]:
· Previous meeting status
· 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
· Way forward
· 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
For the SSB configuration for HomNet scenarios, we support Option 1 to use same time/frequency resource for different cells, since option 1 is the most popular SSB configuration at least for HomNet scenario and we do not see clear simulation results on how does the aligned SSB configuration will impact the UE demodulation performance.
For the SSB configuration for HetNet scenarios, according to companies’ comments in the last meeting, there exists unaligned SSB configuration between cells in some real networks. Our main concern is that in such real networks, the SSBs will still be interfered by neighbor cell PDSCH, but we are not scheduling PDSCH within the slots containing SSBs in our test. We think interference-free SSB configurations may not be a meaningful configuration in the real test.
[bookmark: _Hlk91775007]Considering the above, we support using aligned SSB configuration for HomNet and we also slightly prefer using aligned SSB configuration for HetNet scenario.
Proposal 2: Support using aligned SSB configuration for HomNet and we also slightly prefer using aligned SSB configuration for HetNet scenario.

2.2  Target PDSCH parameter
MCS
Status in the WF in [1]:
· Use MCS 13 for homogeneous deployment assumptions
· 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
[bookmark: _Hlk91775359]According to our simulation result in section 3, with MCS13, MMSE-IRC can show clear performance gain over MMSE baseline receiver for all scenarios, therefore, we are ok to use MCS13 for both HomNet and HetNet scenarios.
Proposal 3: We are ok to use MCS13 for both HomNet and HetNet scenarios.

2.3  Interference model
INR values for Homogeneous deployment assumptions
Status in the WF in [1]:
· 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
[bookmark: _Hlk92181596]We support option 2 to reuse the interference value assumptions for LTE. From the provided simulation results in section 3, with the INR value of option 2, MMSE-IRC receiver can achieve 1.5~2.7 dB performance gain over MMSE receiver, which is enough for requirement definition.
Observation 2: With the INR value of option 2, MMSE-IRC receiver can achieve 1.5~2.7 dB performance gain over MMSE receiver.
Proposal 4: For the INR values for HomNet scenario, reuse the interference value assumptions for LTE, i.e., use INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell.

INR values for HetNet deployment assumptions
Status in the WF in [1]:
· 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
[bookmark: _Hlk91777184]From the provided simulation results in section 3, under the agreed baseline INR value for HetNet scenario, MMSE-IRC receiver can achieve around 3 dB performance gain over MMSE receiver, which is enough for requirement definition. Therefore, we can confirm the baseline INR values for HetNet scenarios.
Observation 3: Under the agreed baseline INR value for HetNet scenario, MMSE-IRC receiver can achieve around 3 dB performance gain over MMSE receiver, which is enough for requirement definition.
Proposal 5: For HetNet scenarios, confirm to use INRs 11.39 and 5.45 dB in case of 2 interference cells and INR 4.84 dB in case of 1 interference cell.

Number of explicitly modeled interference cells
Status in the WF in [1]:
· Way forward
· Option 1: 1 interference cell for all tests
· Option 2: 2 interference cells for all tests
· [bookmark: _Hlk92182740]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
[bookmark: _Hlk92182815]We support to cover both 1 cell and 2 cells. Same time, to save the total test case number, we are fine to use different cell number assumptions for different deployment scenarios. Therefore, we support the option 3A or option 3B.
Proposal 6: Cover both 1 cell and 2 cells for the MMSE-IRC testing. Fine to use different cell number assumptions for different deployment scenarios.
3. Simulation Results
Based on the agreed test parameters in [1], simulation results for the performance difference for MMSE-IRC vs MMSE baseline receiver under different scenarios are given as follows:
	Scenario
	Sync/Async
	Channel Model
	Rx Number
	INR Value(s)
	MCS
	MMSE Baseline
	MMSE-IRC
	Gain

	HetNet
	Sync
	TDLA30-10
	2Rx
	11.39
	5.45
	13
	17.4
	14.2
	3.0

	
	
	
	
	4.84
	N/A
	
	10.8
	8.1
	2.7

	
	
	
	4Rx
	11.39
	5.45
	
	13.9
	7.3
	6.3

	
	
	
	
	4.84
	N/A
	
	7.3
	4.0
	3.3

	HomNet
	Sync
	TDLC300-100
	2Rx
	5.43
	-1.50
	
	12.0
	10.2
	1.8

	
	
	
	
	3.10
	N/A
	
	9.6
	8.1
	1.5

	
	
	
	4Rx
	5.43
	-1.50
	
	8.5
	5.8
	2.7

	
	
	
	
	3.10
	N/A
	
	6.2
	4.3
	1.9



4. Conclusions
In this paper, we give our views on the remaining open issues in section 2 and we provide simulation results in section 3. The following proposals are given for PDSCH demodulation requirements:
Observation 1: 
1) The performance of MMSE receiver for sync and async is similar, since the interference power level is the same for each slot in the neighbor cell.
2) Performance degradation for MMSE-IRC in async scenario compared with sync scenario is observed, due to the lower accuracy of Rnn estimation.
3) The MMSE-IRC receiver can still achieve reasonable performance gain over MMSE receiver under async scenarios, only when the UE use the averaged estimated Rnn on the 2 DMRS symbols.
Proposal 1: Include MMSE-IRC performance requirements for async FDD scenarios, to better verify the UE MMSE-IRC implementation since we cannot always assume the real networks are well synchronized.
Proposal 2: Support using aligned SSB configuration for HomNet and we also slightly prefer using aligned SSB configuration for HetNet scenario.
Proposal 3: We are ok to use MCS13 for both HomNet and HetNet scenarios.
Observation 2: With the INR value of option 2, MMSE-IRC receiver can achieve 1.5~2.7 dB performance gain over MMSE receiver.
Proposal 4: For the INR values for HomNet scenario, reuse the interference value assumptions for LTE, i.e., use INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell.
Observation 3: Under the agreed baseline INR value for HetNet scenario, MMSE-IRC receiver can achieve around 3 dB performance gain over MMSE receiver, which is enough for requirement definition.
Proposal 5: For HetNet scenarios, confirm to use INRs 11.39 and 5.45 dB in case of 2 interference cells and INR 4.84 dB in case of 1 interference cell.
Proposal 6: Cover both 1 cell and 2 cells for the MMSE-IRC testing. Fine to use different cell number assumptions for different deployment scenarios.
5. References
R4-2120707, Way Forward on general and PDSCH demodulation requirements for inter-cell interference MMSE-IRC, RAN4 #101-e, Nov 2021.
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