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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 [1] and before:
	· Previous meeting status
· Synchronized for FDD and TDD
· FFS asynchronized for FDD
· 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.
· For asynchronized scenario, reusing LTE configuration of time/frequency offset as starting point. 



Most 5G NR deployments are synchronous and hence PDSCH demodulation requirements based on synchronous deployment should be the baseline for all kinds of deployment including the asynchronous networks. That is if any requirements are made for asynchronous deployment then they need to be on par with synchronous networks. 
However, interference mitigation is inherently much more difficult in asynchronous deployment due to uneven interference in a slot. Even with the proposed half slot based MMSE-IRC receiver, we do not believe it will be possible to show the same kind of gain as in synchronous networks. It is unclear to us right now how the changing interference profile will necessarily show up in the correct DM-RS to allow for correct interference covariance estimation for each of the interference profile “halves”.
Synchronized deployment is significantly better than asynchronized deployment regarding interference mitigation. 
Gain of IRC receiver in asynchronous networks is diminished compared to synchronous networks.
Don’t make separate requirements for asynchronized network deployment. UEs in asynchronized networks should be held to the same (relative IRC gain) performance requirements as in synchronized.

SSB configuration
During the discussion in RAN4#101e the SSB configurations shown below were discussed [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 (serving cell and interference cell(s)) are in the same time/frequency resources
· Option 2: Use SSB Option 2 for all test (Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
· 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



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 for all tests. All SSBs (serving cell and interference cell(s)) are at the same time/frequency resources. 
In case SSB option 1 does not find a majority, we can also support option 3A.

Interference model for scenario 1
INR values for Homogeneous deployment assumptions

During the discussion in RAN4#101e multiple INR profiles for synchronous homogenous deployment were discussed Error! Reference source not found.. Following are issues open for discussion after RAN4#101-e Error! Reference source not found.:
	· 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



Table 1 captures the SNR at 70% throughput for MRC and IRC receivers with the different options for INR profiles with 2 interfering cells whose interference is affected by a separate instance of TDLC 300 channel model. Both 2 Rx and 4 Rx antenna configurations results are shown. It can be seen that the gain of IRC receiver is highest with option 1 for 4 Rx antenna configuration. Gain for 2 Rx configuration is the same.
[bookmark: _Ref92286051][bookmark: _Ref92286027]Table 1 SNR at 70% throughput,  MCS 13, TDLC300-100 channel model, 2 interfering cells
	Interference profile
	SNR at 70% throughput, MRC
	SNR at 70% throughput, IRC
	IRC receive gain

	Option 1, 2Tx2Rx 
	14.18 dB
	11.88 dB
	2.3 dB

	Option 2, 2Tx2Rx
	11.66 dB
	9.65 dB
	2 dB

	Option 1, 2Tx4Rx 
	10.92 dB
	8.39 dB
	2.53 dB

	Option 2, 2Tx4Rx
	8.89 dB
	6.6 dB
	2.3 dB



Table 2 then shows similar performance using these options but with 1 interfering cell. Again, here the relative receiver gain of the IRC receiver is highest for option 1.
[bookmark: _Ref92286113]Table 2 SNR at 70% throughput, MCS 13, TDLC300-100 channel model, 1 interfering cell
	Interference profile
	SNR at 70% throughput, MRC
	SNR at 70% throughput, IRC
	IRC receiver gain

	Option 1, 2Tx2Rx 
	10.6 dB
	7.37 dB, 0.8
	3.3 dB,

	Option 2, 2Tx2Rx
	8.83 dB
	6.41 dB
	2.4 dB

	Option 1, 2Tx4Rx 
	7.32 dB
	5.07 dB, -1.5
	2.25 dB

	Option 2, 2Tx4Rx
	5.53 dB
	4.3 dB
	1.23 dB



Gain of IRC receiver is highest for option 1 in homogenous deployment. We have a slight preference for option 1, but are open to compromise.
Option 1 for defining requirements.

INR values for HetNet deployment assumptions
During the discussion in RAN4#101e multiple INR profiles for synchronous heterogenous deployment were discussed Error! Reference source not found.. Following are issues open for discussion after RAN4#100-e Error! Reference source not found.:
	· 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



Table 3 shows the performance in heterogenous deployment of MRC and IRC receivers for the baseline option both with 2 interfering cells and 1 interfering cell whose interference is effected by a separate instance of TDLA 30 channel model. Both 2 Rx and 4 Rx antenna configurations results 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, baseline INR profile
	Interference profile
	SNR at 70% throughput, MRC
	SNR at 70% throughput, IRC
	IRC receiver gain

	2 interferers, 2Tx2Rx 
	18.08 dB
	15 dB
	3.08 dB

	1 interferer, 2Tx2Rx
	10.57dB
	7.37 dB
	3.2 dB

	2 interferers, 2Tx4Rx 
	14.37 dB
	11.12 dB
	3.25 dB

	1 interferer, 2Tx4Rx
	7.1 dB
	5.65 dB
	1.45 dB



Substantial gain with proposed option for both 2 interferers and 1 interferer cases and the corresponding SINR in all cases is > -6 dB.
To use baseline INR option to define the requirements

Number of explicitly modelled interference cells 
During the discussion in RAN4#101-e modelling 1 or 2 interferer cells for the homogenous and heterogenous deployments were discussed Error! Reference source not found.. Following are issues open for discussion after RAN4#101-e Error! Reference source not found.:
	· 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



Table 4 captures the SINR at 70% throughput of IRC receiver for different INR profiles in both homogenous and heterogenous deployment scenarios. The difference is ~1 dB between 1 interfering cell and 2 interfering cells. Hence testing with both the 1 and 2 interferers makes sense. We can see meaning in option 3A which reflects the real world deployments where homogenous deployments often see more than 1 interferers at cell edge.
[bookmark: _Ref92453484]Table 4 SINR at 70% throughput of IRC receiver for different scenarios
	Homogenous deployment scenario
(INR option 1)
	SINR at 70% throughput, IRC

	2 interferers, 2Tx2Rx
	2.5 dB

	1 interferer, 2Tx2Rx
	0.8

	2 interferers, 2Tx4Rx
	-1 dB

	1 interferer, 2Tx4Rx
	-1.5 dB



	Heterogenous deployment scenario (Baseline option)
	SINR at 70% throughput, IRC

	2 interferers, 2Tx2Rx
	2.38 dB

	1 interferer, 2Tx2Rx
	1.3 dB

	2 interferers, 2Tx4Rx
	-1.5 dB

	1 interferer, 2Tx4Rx
	-0.42 dB



SINR at 70% throughput of IRC receiver is ~1 dB different with 1 interfering cell as compared to 2 interfering cells.
To use option 3A to define the requirements.

Time and frequency offsets for synchronized network
 During the discussion in RAN4#101-e time and frequency offsets for synchronous FDD and TDD network deployments were discussed Error! Reference source not found.. Following are issues open for discussion after RAN4#101-e Error! Reference source not found.:
	· Way forward
· 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 excluded
· Frequency shift: The serving cell is 300 Hz for interfering cell 1 and -100 Hz for interfering cell 2 (in case modeled)



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.

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 - Network type
1. Synchronized deployment is significantly better than asynchronized deployment regarding interference mitigation. 
Gain of IRC receiver in asynchronous networks is diminished compared to synchronous networks.
1. Don’t make separate requirements for asynchronized network deployment. UEs in asynchronized networks should be held to the same (relative IRC gain) performance requirements as in synchronized.

Common test parameters – SSB configuration
Use SSB Option 1 for all tests. All SSBs (serving cell and interference cell(s)) are at the same time/frequency resources. 

Interference model for scenario 1 - INR values for Homogeneous deployment assumptions
Gain of IRC receiver is highest for option 1 in homogenous deployment. We have a slight preference for option 1, but are open to compromise.
Option 1 for defining requirements.

Interference model for scenario 1 - NR values for HetNet deployment assumptions
Substantial gain with proposed option for both 2 interferers and 1 interferer cases and the corresponding SINR in all cases is > -6 dB.
To use baseline INR option to define the requirements

Interference model for scenario 1 - Number of explicitly modelled interference cells
SINR at 70% throughput of IRC receiver is ~1 dB different with 1 interfering cell as compared to 2 interfering cells.
To use option 3A to define the requirements.

Interference model for scenario 1 - Time and frequency offsets for synchronized network
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.
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