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Introduction
During the last RAN4#101-e meeting, good progress was made on the topic of PDSCH demodulation requirements for inter-cell interference MMSE-IRC. 
Some remaining issues are captured in the corresponding WF [1]. The major open topics being:
· Common network parameters and PDSCH parameters.
· Interference modelling.
[bookmark: _Hlk88742629]In this contribution we will express our views on the captured open issues and open new discussions, if necessary.

General and PDSCH demodulation requirements for inter-cell interference MMSE-IRC
Common test parameters
Network type
Concerning the network type common test parameter, the following decisions were reach in RAN4#101-bis [1] and before:
	· 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.



Requirements made for asynchronous deployment then they need to be on par with synchronous networks. However results shown below in Table 1 indicate that the gain of IRC receiver is substantially reduced when using the INR profile from sync scenario  (INR1 7.77dB, INR2  2.29 dB). With the other INR profile (INR1 3.87 dB, INR2 -1.96dB) with much lower interference level. However with option 2, requirements for FDD will be based only on asynchronous deployment and hence it does not give merit to use such low interference levels.
	INR profile, network type
	SNR at 70% TP, MMSE_IRC
	SNR at 70% TP, MMSE  MRC
	IRC receiver gain

	2Tx2Rx, synchronous, INR 7.77dB INR2 2.29 dB
	13.23 dB
	14.88 dB
	1.65 dB

	2Tx2Rx, asynchronous, INR 7.77dB INR2 2.29 dB
	14.3 dB
	15.22 dB
	0.92 dB

	2Tx2Rx, synchronous, INR 3.87dB INR2 -1.96 dB
	11.22 dB
	12.07 dB
	0.85 dB

	2Tx2Rx, asynchronous, INR 3.87dB INR2 -1.96 dB
	11.8 dB
	12.26 dB
	0.46 dB



Alternatively, other interference models need to be considered or the reference receiver need to be enhanced to take into account the changing interference levels in different parts of a slot.
INR profile considered for homogenous synchronous network type shows lower performance gain for asynchronous network.
With option 2, requirements for FDD networks will be based only on asynchronous deployment and hence INR profile with low interference levels is not enough to highlight interference suppression.
If a comparable performance between synchronous and asynchronous network types is required, the MMSE-IRC implementation needs to be improved for async.
MMSE-IRC improvement possibilities for async are questionable in general and in particular for the timeframe of this WI.
Based on these observations and considering the timeline of this work item we do not find merit in continuing with asynchronous network type.
Consider only synchronized networks for defining PDSCH demodulation requirements. 

SSB configuration
During the discussion in RAN4#101-bis the SSB configurations shown below were discussed [1]: 
	· 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



Option 1 is quite commonly used in homogenous network deployments and is also the worser of the two options. Hence it will give the minimum performance gain which can be expected practically. For heterogenous deployment though relaxation can be made to get similar level of performance gain because the interference profiles considered for heterogenous deployment have higher level of interference.
Use SSB Option 1, all SSBs (serving cell and interference cell(s)) are at the same time/frequency resources, or option 3.

Interference model for scenario 1

INR values for HetNet deployment assumptions
During the discussion in RAN4#101-bis-e multiple INR profiles for synchronous heterogenous deployment were. Following are issues open for discussion after RAN4#101-bis-e [1]:
	· 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



Table 3 shows the performance in heterogenous deployment of MRC and IRC receivers with 1 interfering cell whose interference is affected by a separate instance of TDLA 30 channel model. Both 2 Rx and 4 Rx antenna configurations results for both options are shown. It can be seen that there is substantial gain of IRC receiver with both antenna configurations. Also, the corresponding minimum SINR for 4 Rx case is -1.5 dB with  2 interferers and -0.4 dB with 1 interferer. Both SINRs are greater than -6 dB.
[bookmark: _Ref92453504]Table 3 SNR at 70% throughput, MCS 13, TDLA30-10 channel model
	Interference profile
	SNR at 70% throughput, IRC
	SNR at 70% throughput, MRC
	IRC receiver gain

	2Tx2Rx, Option 1
	10.48 dB
	12.18 dB
	1.7 dB

	2Tx2Rx, Option 2
	11.08
	13.73 dB
	2.65 dB

	2Tx4Rx, Option 1
	7.45 dB
	8.32 dB
	0.87 dB

	2Tx4Rx, Option 2
	7.9 dB
	10.12 dB
	2.22 dB



Performance gain is higher with INR value of 7.58 dB for 1 interferer heterogenous deployment.
To define requirements based on INR value 7.58 dB for 1 interferer heterogenous deployment

Number of explicitly modelled interference cells 
During the discussion in RAN4#101-bis-e modelling 1 or 2 interferer cells for the homogenous and heterogenous deployments were discussed . Following are issues open for discussion after RAN4#101-bis-e:
	· 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



As seen in Table 1 and Table 2, 2 interference cells for homogenous networks and 1 interference cell for heterogenous network give testable performance gain of IRC receiver. Also, these interference scenarios reflect the real world deployments where homogenous deployments often see more than 1 interferers at cell edge.
To use option 3 to define the number of explicitly modelled interferer cell.

Time and frequency offsets for synchronized network
 During the discussion in RAN4#101-bis-e time and frequency offsets for synchronous  TDD network deployments were discussed [1]. Following are issues open for discussion after RAN4#101-bis-e [1]:
	· Previous meeting status
· 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
· Way forward
· Companies are encouraged to bring simulation results for both options next meeting to identify whether significant performance difference can be observed



Commercially available GNSS based inter node synchronization solutions, rarely achieve an accuracy of better than 2us. As such using option 2 might not be representative of all deployment encountered by the UEs. Additionally, the cell phase synchronization minimum accuracy requirement in 38.133 section 7.4 is set to be 3 us. Which should, thus, also serve to define the demodulation minimum performance requirement.
Furthermore, at 30kHz SCS the normal CP duration is 2.3us, so with 3us time offset the interference cell 1 will cause cross symbol intercell interference. We propose to test with this option to validate performance
For TDD 30kHz, we propose to use option 1 for TDD: The time offset is 3 us for interfering cell 1 and –1 us for interfering cell 2.
INR values for asynchronous network (if introduced)
During the discussions in RAN4#101-bis-e following options were considered for INR values for asynchronous networks
	· Way forward
· Option 1: DIP1= -2.23dB and DIP2= -8.06dB (INR1=3.87dB and INR2= -1.96dB)
· Option 2: Reuse INR values options from sync scenario
· Other options are not precluded


If asynchronous network are introduced then they are also proposed to be the only type for making requirements for FDD as per [1]. Hence we do not believe the low INR values from option 1 should be considered. If asynchronous networks are introduced, then INR values from sync scenario with IRC receiver gain observed in sync scenario should be the baseline also for asynchronous.
To use option 2 to define the INR values for asynchronous networks if introduced.
Interference modeling in PDCCH region
During the discussions in RAN4#101-bis-e following options were considered for modelling the interference in PDCCH region
	· Way forward
· 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



If asynchronous networks are introduced with time offsets agreed in the last meeting (0.33ms interference cell 1 and 0.67ms interference cell 2) then not having PDCCH region filled with any interference signal will lead to significantly different interference pattern in different parts of the slot.
To use option 1 to model interference in PDCCH region.

Conclusion
In this contribution we have provided our views on various open issues with relation to Intercell PDSCH MMSE-IRC demodulation requirements. We make proposals concerning Common test parameters and Interference model for scenario 1.

We have made the following observations and proposals:
Common test Parameters
1. INR profile considered for homogenous synchronous network type shows lower performance gain for asynchronous network.
With option 2, requirements for FDD networks will be based only on asynchronous deployment and hence INR profile with low interference levels is not enough to highlight interference suppression.
If a comparable performance between synchronous and asynchronous network types is required, the MMSE-IRC implementation needs to be improved for async.
MMSE-IRC improvement possibilities for async are questionable in general and in particular for the timeframe of this WI.
1. Consider only synchronized networks for defining PDSCH demodulation requirements. 
1. Use SSB Option 1, all SSBs (serving cell and interference cell(s)) are at the same time/frequency resources, or option 3.
Interference model for scenario 1
Performance gain is higher with INR value of 7.58 dB for 1 interferer heterogenous deployment.
Define requirements based on INR value 7.58 dB for 1 interferer heterogenous deployment
To use option 3 to define the number of explicitly modelled interferer cell.
For TDD 30kHz, we propose to use option 1 for TDD: The time offset is 3 us for interfering cell 1 and –1 us for interfering cell 2.
To use option 2 to define the INR values for asynchronous networks if introduced.
To use option 1 to model interference in PDCCH region.
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