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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
BS IRC receiver in asynchronous network was discussed in the previous meetings. In RAN4 #76bis, the following agreements were reached during the online and ad-hoc discussions [1] [2]:
· Consider investigating the performance of asynchronous network as well as synchronous network in the WI.
· Reference receiver
· Use the same reference receiver for both sync and async, i.e., the interference covariance matrix estimation is performed at per TTI basis.
· Antenna configuration
· This option can be considered as baseline: Cover 2Rx, 4Rx and 8Rx
· Number of simulation cases
· As baseline: For each antenna configuration, introduce one simulation case for asynchronous homogeneous scenario and one simulation case for asynchronous heterogeneous scenario. 
· Two methodologies for asynchronous network interference modeling are to be considered. 
· The initial simulation assumptions for the two methodologies were agreed in [3]. 
· Interested companies are invited to provide views on the methodology and link parameters to be used for asynchronous network.
Moreover, the following work plan for SIMO PUSCH under asynchronous network was agreed in [4].
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Our companion contribution in [5] provides system level analysis on BS IRC interference modeling in asynchronous network. 
In this contribution, the interference modeling methodology and BS IRC performance in asynchronous network are analyzed by link simulations.
2. Interference modeling methodologies and simulation cases
2.1	General
In the last meeting, it was agreed to analyze the two candidate interference modeling methodologies [3]. The main differences between the two methodologies are summarized in Table 1.
Table 1: Comparison of the candidate methodologies
	Methodology
	Number of simultaneous interferers
	Power for the interference 
from one neighboring cell
	Channel seed for the interference 
from one neighboring cell

	#1
	1
	Different between two continuous TTIs
· DIP 1-1 for the even TTIs
· DIP 1-2 for the odd TTIs
	Different between two continuous TTIs [Note]
· One seed for the even TTIs
· Another seed for the odd TTIs

	#2
	1 for 2Rx,
2 for 4/8Rx
	Fixed
	Same

	#3 (new)
	1
	Fixed
	Different between two continuous TTIs
· One seed for the even TTIs
· Another seed for the odd TTIs

	#4 (new)
	1
	Different between two continuous TTIs
· DIP 1-1 for the even TTIs
· DIP 1-2 for the odd TTIs
	Same

	Note: 
For the interference from one neighboring cell, totally two channel seeds are used to generate the fast fading, but not to change the channel seed in every TTI. 
· The reason is that, based on the initial discussion with TE vendors, it may be challenging to re-configure the channel seed per TTI. And the fast fading with two different channel seeds may be implemented by one channel emulator or two channel emulators.



During the last meeting’s discussion, we have the following initial observation [6]: 
· Using methodology 1, IRC performance in asynchronous scenario is poorer than that in synchronous scenario.
· Using methodology 2, the IRC performances in asynchronous and synchronous scenarios are very close.
Based on the observation, one question is raised:
When using methodology 1, the performance difference between IRC async and IRC sync is caused by the change of interference power or the fast fading channel seed?
In order to answer this question, two new methodologies are considered and simulated in this contribution, named methodology 3 and methodology 4 in Table 1. The key characteristics of the two methodologies are given in Table 1, and more detailed descriptions are provided in section 2.4 and 2.5.
2.2	Methodology 1 (copied from R4-156867)
· Modeling of time-varying interference in terms of interference power and fast fading
· Configure two ON/OFF interfering signals (UEs) to model the interference from one dominant interfering cell, i.e., the dominant interfering cell schedule UE 1-1 in the even TTIs and schedule UE 1-2 in the odd TTIs. The interference power of UE 1-1 and UE 1-2 are different, and different channel seeds are used for the desired UE and interfering UEs.
· As baseline, the transmission of the interference signal is delayed with respect to the desired signal by 0.33 ms.
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Figure 1: Modeling of time-varying interference: One explicit interfering cell

Table 2: Candidate simulation cases for interference modelling methodology 1
	Num
	PRB allocation/
Band width
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	Scenario
	(DIP1-1, DIP1-2) dB

	1
	50 PRB/10MHz
	6
	(EVA70, ETU70)
	1x2 Low
	HomNet
	(-1.69, -0.50)

	2
	50 PRB/10MHz
	6
	(EPA5, ETU5)
	1x2 Low
	HetNet
	(-0.85, -0.12)

	3
	50 PRB/10MHz
	15
	(EVA70, ETU70)
	1x4 Low
	HomNet
	(-1.69, -0.50)

	4
	50 PRB/10MHz
	15
	(EPA5, ETU5)
	1x4 Low
	HetNet
	(-0.85, -0.12)

	5
	50 PRB/10MHz
	20
	(EVA70, ETU70)
	1x8 Low
	HomNet
	(-1.69, -0.50)

	6
	50 PRB/10MHz
	20
	(EPA5, ETU5)
	1x8 Low
	HetNet
	(-0.85, -0.12)


Note: DIP1-1 and DIP1-2 are the DIP values for UE1-1 and UE1-2 respectively, and are derived based on companies’ simulation results TR 36.884 V0.1.0.

2.3	Methodology 2 (copied from R4-156867)
· The only difference w.r.t. the synchronous simulation setup is to model certain timing offsets 
· Model two simultaneous interfering UEs, and the transmissions from the first/second dominant interfering UE is delayed with respect to the desired UE by 0.33/0.67 ms.
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Figure 2: Two simultaneous interfering UEs

Table 3: Candidate simulation cases for interference modelling methodology 2
	Num
	PRB allocation/
Band width
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	Scenario
	(DIP1, DIP2) dB

	1
	50 PRB/10MHz
	6
	(EVA70, ETU70)
	1x2 Low
	HomNet
	(-1.11, N/A)

	2
	50 PRB/10MHz
	6
	(EPA5, ETU5)
	1x2 Low
	HetNet
	(-0.43, N/A)

	3
	50 PRB/10MHz
	15
	(EVA70, ETU70)
	1x4 Low
	HomNet
	(-1.11, -10.91)

	4
	50 PRB/10MHz
	15
	(EPA5, ETU5)
	1x4 Low
	HetNet
	(-0.43, -13.78)

	5
	50 PRB/10MHz
	20
	(EVA70, ETU70)
	1x8 Low
	HomNet
	(-1.11, -10.91)

	6
	50 PRB/10MHz
	20
	(EPA5, ETU5)
	1x8 Low
	HetNet
	(-0.43, -13.78)



2.4	Methodology 3
The differences with methodology 1 are highlighted by yellow.
· Modeling of time-varying interference in terms of fast fading
· Configure two ON/OFF interfering signals (UEs) to model the interference from one dominant interfering cell, i.e., the dominant interfering cell schedule UE 1-1 in the even TTIs and schedule UE 1-2 in the odd TTIs. The interference power of UE 1-1 and UE 1-2 are the same, and different channel seeds are used for the desired UE and interfering UEs.
· As baseline, the transmission of the interference signal is delayed with respect to the desired signal by 0.33 ms.
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Figure 3: Modeling of time-varying interference in terms of fast fading: One explicit interfering cell

Table 4: Candidate simulation cases for interference modelling methodology 3
	Num
	PRB allocation/
Band width
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	Scenario
	(DIP1-1, DIP1-2) dB [Noted]

	1
	50 PRB/10MHz
	6
	(EVA70, ETU70)
	1x2 Low
	HomNet
	(-1.11, -1.11)

	2
	50 PRB/10MHz
	6
	(EPA5, ETU5)
	1x2 Low
	HetNet
	(-0.43, -0.43)

	3
	50 PRB/10MHz
	15
	(EVA70, ETU70)
	1x4 Low
	HomNet
	(-1.11, -1.11)

	4
	50 PRB/10MHz
	15
	(EPA5, ETU5)
	1x4 Low
	HetNet
	(-0.43, -0.43)

	5
	50 PRB/10MHz
	20
	(EVA70, ETU70)
	1x8 Low
	HomNet
	(-1.11, -1.11)

	6
	50 PRB/10MHz
	20
	(EPA5, ETU5)
	1x8 Low
	HetNet
	(-0.43, -0.43)


Note: Re-use the DIP1 values derived in synchronous network.

2.5	Methodology 4
The differences with methodology 1 are highlighted by yellow.
· Modeling of time-varying interference in terms of interference power 
· Configure two ON/OFF interfering signals (UEs) to model the interference from one dominant interfering cell, i.e., the dominant interfering cell schedule UE 1-1 in the even TTIs and schedule UE 1-2 in the odd TTIs. The interference power of UE 1-1 and UE 1-2 are different, and the same channel seed is used for UE 1-1 and UE 1-2.
· As baseline, the transmission of the interference signal is delayed with respect to the desired signal by 0.33 ms.
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Figure 4: Modeling of time-varying interference in terms of interference power: One explicit interfering cell

Table 5: Candidate simulation cases for interference modelling methodology 4
	Num
	PRB allocation/
Band width
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	Scenario
	(DIP1-1, DIP1-2) dB

	1
	50 PRB/10MHz
	6
	(EVA70, ETU70)
	1x2 Low
	HomNet
	(-1.69, -0.50)

	2
	50 PRB/10MHz
	6
	(EPA5, ETU5)
	1x2 Low
	HetNet
	(-0.85, -0.12)

	3
	50 PRB/10MHz
	15
	(EVA70, ETU70)
	1x4 Low
	HomNet
	(-1.69, -0.50)

	4
	50 PRB/10MHz
	15
	(EPA5, ETU5)
	1x4 Low
	HetNet
	(-0.85, -0.12)

	5
	50 PRB/10MHz
	20
	(EVA70, ETU70)
	1x8 Low
	HomNet
	(-1.69, -0.50)

	6
	50 PRB/10MHz
	20
	(EPA5, ETU5)
	1x8 Low
	HetNet
	(-0.85, -0.12)


3. Link level performance analysis
3.1	General
Link level simulations for the four methodologies are performed. The simulation assumptions agreed in the last meeting in [3] are followed, and some further clarifications on the simulation setup are given as below:
· Throughput v.s. SNR (instead of SINR) curves are collected in our simulation. 
· The reason is that, for interference modeling methodology 1 and 4, the interference power and the resulted SINR is different between two continuous TTIs. 
· The SNR metric is used for initial simulation. Regarding the test metric for the potential conformance test, it can be discussed further.
· Note: for the ON/OFF interference model with one simultaneous interferer,
· In the even TTIs, DIP1-1 =  
· In the odd TTIs, DIP1-2 = 
· The noise power is fixed among TTIs.
· For each simulation case, in addition to IRC performance in asynchronous scenario, IRC performance in synchronous scenario and MMSE performance in asynchronous scenario are also simulated for comparison.
· For IRC sync: the simulation configurations are the same with IRC async, excepting that the timing offset is 0 ms.
· For MMSE async: the simulation configurations are the same with IRC async, excepting that MMSE receiver is used.

3.2	Link results for methodology 1
The link level simulation results for methodology 1 are given in Figure 5.
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Case 1: 1T2R, EVA70 serving channel, HomNet               Case 2: 1T2R, EPA5 serving channel, HetNet
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Case 3: 1T4R, EVA70 serving channel, HomNet              Case 4: 1T4R, EPA5 serving channel, HetNet
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Case 5: 1T8R, EVA70 serving channel, HomNet             Case 6: 1T8R, EPA5 serving channel, HetNet
Figure 5: Link results for methodology 1
Observation 1: When using methodology 1, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve significant performance gain (more than 2dB gain for all cases) compared to MMSE receiver.

3.3	Link results for methodology 2
The link level simulation results for methodology 2 are given in Figure 6. 
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Case 1: 1T2R, EVA70 serving channel, HomNet               Case 2: 1T2R, EPA5 serving channel, HetNet
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Case 3: 1T4R, EVA70 serving channel, HomNet              Case 4: 1T4R, EPA5 serving channel, HetNet
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Case 5: 1T8R, EVA70 serving channel, HomNet             Case 6: 1T8R, EPA5 serving channel, HetNet
Figure 6: Link results for methodology 2
Observation 2: When using methodology 2, MMSE-IRC performance in asynchronous scenario is very close to that in synchronous scenario.

3.4	Link results for methodology 3
The link level simulation results for methodology 3 are given in Figure 7. 
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Case 1: 1T2R, EVA70 serving channel, HomNet               Case 2: 1T2R, EPA5 serving channel, HetNet
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Case 3: 1T4R, EVA70 serving channel, HomNet              Case 4: 1T4R, EPA5 serving channel, HetNet
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Case 5: 1T8R, EVA70 serving channel, HomNet              Case 6: 1T8R, EPA5 serving channel, HetNet
Figure 7: Link results for methodology 3
Observation 3: When using methodology 3, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve considerable performance gain (more than 1.5dB gain for all cases) compared to MMSE receiver.

3.5	Link results for methodology 4
The link level simulation results for methodology 4 are given in Figure 8. 
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Case 1: 1T2R, EVA70 serving channel, HomNet               Case 2: 1T2R, EPA5 serving channel, HetNet
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Case 3: 1T4R, EVA70 serving channel, HomNet              Case 4: 1T4R, EPA5 serving channel, HetNet
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Case 5: 1T8R, EVA70 serving channel, HomNet              Case 6: 1T8R, EPA5 serving channel, HetNet
Figure 8: Link results for methodology 4
Observation 4: When using methodology 4, MMSE-IRC performance in asynchronous scenario is similar or slightly poorer compared to that in synchronous scenario.
4. Analysis of the candidate methodologies and IRC link performance
4.1	Summary of the methodologies and link performance
Firstly, for better reading, we copy the Table 1 in section 2.1 and the four observations in section 3 in the following.
Table 1: Comparison of the candidate methodologies (copied from section 2.1)
	Methodology
	Number of simultaneous interferers
	Power for the interference 
from one neighboring cell
	Channel seed for the interference 
from one neighboring cell

	#1
	1
	Different between two continuous TTIs
· DIP 1-1 for the even TTIs
· DIP 1-2 for the odd TTIs
	Different between two continuous TTIs [Note]
· One seed for the even TTIs
· Another seed for the odd TTIs

	#2
	1 for 2Rx,
2 for 4/8Rx
	Fixed
	Same

	#3 (new)
	1
	Fixed
	Different between two continuous TTIs
· One seed for the even TTIs
· Another seed for the odd TTIs

	#4 (new)
	1
	Different between two continuous TTIs
· DIP 1-1 for the even TTIs
· DIP 1-2 for the odd TTIs
	Same

	Note: 
For the interference from one neighboring cell, totally two channel seeds are used to generate the fast fading, but not to change the channel seed in every TTI. 
· The reason is that, based on the initial discussion with TE vendors, it may be challenging to re-configure the channel seed per TTI. And the fast fading with two different channel seeds may be implemented by one channel emulator or two channel emulators.



Four observations based on the link simulation in section 3:
Observation 1: When using methodology 1, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve significant performance gain (more than 2dB gain for all cases) compared to MMSE receiver.
Observation 2: When using methodology 2, MMSE-IRC performance in asynchronous scenario is very close to that in synchronous scenario.
Observation 3: When using methodology 3, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve considerable performance gain (more than 1.5dB gain for all cases) compared to MMSE receiver.
Observation 4: When using methodology 4, MMSE-IRC performance in asynchronous scenario is similar or slightly poorer compared to that in synchronous scenario.
4.2	Observations and proposals
By comparing link simulation results for the four methodologies, we can observe that:
Observation 5: Methodology 2 and 4 are not suitable for asynchronous network interference modeling.
Observation 6: With methodology 1 and 3, different fast-fading channel seeds are used in two continuous TTIs of the interference, and the MMSE-IRC receiver in asynchronous scenario needs to suppress the interference from two different spatial directions. As a result, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario.

As known, in real network, the neighboring cell may schedule two different UEs in two continuous TTIs, depending on the BS scheduling decision. The following observations are seen from the system level simulation results in our companion contribution [5]:
· [bookmark: _GoBack]For type-1 TTI, two different UEs are scheduled in two continuous TTIs with 48.5% - 61.1% probability.
· For type-2 TTI, two different UEs are scheduled in two continuous TTIs with about 33% probability.
Usually, if two different UEs are scheduled in two continuous TTIs for the neighboring cell, both interference transmission power and fast channel matrix will be different in the two TTIs. Therefore, to reflect the real interference condition, it is reasonable to model the change of power level and fast channel seed between two continuous TTIs for the asynchronous interference.
Proposal 1: RAN4 to specify BS MMSE-IRC demodulation requirements for asynchronous network operation.
Proposal 2: Methodology 1 and 3 can be used for asynchronous network interference modeling. Methodology 1 is more preferred since it better reflects the real interference condition.
5. [bookmark: _Ref129681832]Conclusion
This contribution analyzed the four interference modeling methodologies in Table 1.
Table 1: Comparison of the candidate methodologies
	Methodology
	Number of simultaneous interferers
	Power for the interference 
from one neighboring cell
	Channel seed for the interference 
from one neighboring cell

	#1
	1
	Different between two continuous TTIs
· DIP 1-1 for the even TTIs
· DIP 1-2 for the odd TTIs
	Different between two continuous TTIs [Note]
· One seed for the even TTIs
· Another seed for the odd TTIs

	#2
	1 for 2Rx,
2 for 4/8Rx
	Fixed
	Same

	#3 (new)
	1
	Fixed
	Different between two continuous TTIs
· One seed for the even TTIs
· Another seed for the odd TTIs

	#4 (new)
	1
	Different between two continuous TTIs
· DIP 1-1 for the even TTIs
· DIP 1-2 for the odd TTIs
	Same



The six observations are made based on the link simulation resuts:
Observation 1: When using methodology 1, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve significant performance gain (more than 2dB gain for all cases) compared to MMSE receiver.
Observation 2: When using methodology 2, MMSE-IRC performance in asynchronous scenario is very close to that in synchronous scenario.
Observation 3: When using methodology 3, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve considerable performance gain (more than 1.5dB gain for all cases) compared to MMSE receiver.
Observation 4: When using methodology 4, MMSE-IRC performance in asynchronous scenario is similar or slightly poorer compared to that in synchronous scenario.
Observation 5: Methodology 2 and 4 are not suitable for asynchronous network interference modeling.
Observation 6: With methodology 1 and 3, different fast-fading channel seeds are used in two continuous TTIs of the interference, and the MMSE-IRC receiver in asynchronous scenario needs to suppress the interference from two different spatial directions. As a result, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario.
Two proposals are given:
Proposal 1: RAN4 to specify BS MMSE-IRC demodulation requirements for asynchronous network operation.
Proposal 2: Methodology 1 and 3 can be used for asynchronous network interference modeling. Methodology 1 is more preferred since it better reflects the real interference condition.
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Annex: Common link parameters
Table A-1: Common parameters of link level evaluation (copied from R4-156867 [3])
	Parameters
	Values

	Channel bandwidth
	10MHz, full PRB allocation

	Antenna configuration and correlation matrix
	1x2 Low, 1x4 Low, 1x8 Low

	Interference modulation
	16QAM

	Reference receiver
	Use the same reference receiver for both sync and async, i.e., the interference covariance matrix estimation is performed at per PRB and per TTI basis.

	HARQ combining
	Incremental redundancy

	Redundancy version sequence
	0, 2, 3, 1, 0, 2, 3, 1

	Maximal number of HARQ transmissions (including 1st transmission and re-transmissions)
	4

	Cyclic prefix
	Normal

	Frequency hopping, TTI bundling
	Disabled
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