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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The interference model for BS IRC receiver in asynchronous network was extensively discussed in the previous meetings. In RAN4 #77 meeting, it was agreed that [1] [2]:
· Interference model:
· Keep Option 1, Option 2 and Option 3 open.
· Have further evaluations and make decision on the interference model in the next meeting.
This contribution further discusses the interference model for asynchronous IRC test.
2. Interference model for asynchronous IRC test
2.1	Candidate interference models
Three options on asynchronous network interference model are under consideration. The main differences among the options are summarized in Table 1, and the detailed descriptions on the three options are given in Annex A.
Table 1: Candidate interference models for asynchronous network
	Option
	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
	1
	Fixed
	Different between two continuous TTIs [Note]
· One seed for the even TTIs
· Another seed for the odd TTIs

	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 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 two channel emulators.



2.2	Simulation observations from companies’ link results
In the last meeting, five companies provided link simulation results for asynchronous cases [3-7], and the results are summarized in [1] and copied below:
Summary of companies’ simulation results
· Option 1: 
· CTC: 
· Performance gap between sync IRC and async IRC: 
· 0.9-1.3 dB in HomNet 2/4/8Rx, 1.6-1.9 dB in HetNet 2/4/8Rx
· Performance gap between async IRC and async MMSE: 
· 2.8 - more than 4dB in HomNet 2/4/8Rx, more than 3dB in HetNet 2/4/8Rx
· Ericsson: 
· Performance gap between sync IRC and async IRC: 
· 1.3-1.6 dB in HomNet 2/4/8Rx, 1.7-2.7 dB in HetNet 2/4/8Rx
· Performance gap between async IRC and async MMSE: 
· 1.3-2.7 dB in HomNet 2/4/8Rx, 3.4-8.1 dB in HetNet 2/4/8Rx
· Option 2: 
· Performance gap between sync IRC and async IRC
· CTC: 0.1-0.4dB
· ZTE: less than 0.5dB
· Ericsson: 0.1-0.6 dB
· Huawei: 0.1-0.3 dB
· Nokia Networks: 0.2-0.6 dB
· Option 3: 
· CTC: 
· Performance gap between sync IRC and async IRC:
· 1.0-1.6 dB in HomNet 2/4/8Rx, 1.2-2.6 dB in HetNet 2/4/8Rx
· Performance gap between async IRC and async MMSE: 
· 1.6-2.7 dB in HomNet 2/4/8Rx, 2.6 - more than 4dB in HetNet 2/4/8Rx
· ZTE (Modified option 2, two simultaneous interferers with fixed DIPs, and different channel seeds in different TTIs): 
· Performance gap between sync IRC and async IRC: 
· More than 1dB in HomNet and HetNet
· Performance gap between async IRC and async MMSE: 
· More than 2dB for all cases except one case (2Rx in HomNet)

Observations from companies’ results
· When using option 2, MMSE-IRC performance in asynchronous scenario is similar or slightly poorer compared to that in synchronous scenario.
· When using option 1 and 3, MMSE-IRC performance in asynchronous scenario is worse than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve obvious performance gain compared to MMSE receiver.
· In such cases, 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.

Therefore, the following observations can be made based on companies’ link results in the last meeting:
Observation 1: With option 2, MMSE-IRC performance in asynchronous scenario is similar or slightly poorer compared to that in synchronous scenario.
Observation 2: With option 1 and 3, MMSE-IRC performance in asynchronous scenario is worse than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve obvious performance gain compared to MMSE receiver.

2.3	Down-selection of the interference model
In the last meeting, several companies proposed to preclude option 2 [2], but consensus could not be reached. It was planned to make decision on the interference model in this meeting. 
From our perspective, only option 1 and 3 can be considered as the asynchronous network interference model due to the reasons as follows:
1) Based on system simulation, scheduling two different UEs in two continuous TTIs is a typical case.
We conducted uplink system level simulation in the last meeting [8], where full buffer traffic was assumed and proportional fair factor was calculated per TTI per sub-band (6 PRBs). It was seen that:
· For type-1 TTI (TTIs in which PF factors are calculated using different SRS with its previous TTI), two different UEs are scheduled in two continuous TTIs with 48.5% - 61.1% probability.
· For type-2 TTI (TTIs in which PF factors are calculated using same SRS with its previous TTI), two different UEs are scheduled in two continuous TTIs with about 33% probability.
Note that for Rel-11 UE MMSE-IRC receiver testing, the PMI/RI in interfering cells are randomly changed at per TTI basis, which is based on the downlink system simulation results (e.g., in [9] [10]).
2) Option 1 and 3 are feasible from the conformance test point of view.
Considering the test implementation, based on the discussion with TE vendors, option 1 and 3 are feasible.
3) With option 1 and 3, the channel estimation and interference covariance estimation performance are impacted and need to be verified.
Option 2 aslo represents a meaningful scenario for asynchronous network, where the same UE are scheduled in two continuous TTIs. The problem is that with option 2, asynchronous IRC performance is very close to synchronous IRC performance, and thus asynchronous IRC performance can be checked with the synchronous tests. 
As discussed, the other typical scenario is that for two continuous TTIs in interfering cell, two different UEs are scheduled, and the equivalent number of interferers is doubled. Moreover, since the interference power and spatial direction observed at the demodulation RS in the first/second slot are different, the channel estimation and interference covariance estimation performance are impacted. 
Therefore, with option 1 and 3, the IRC baseband performance is impacted and needs to be checked.

We have three observations based on the analysis above:
Observation 3: Based on system simulation, scheduling two different UEs in two continuous TTIs is a typical case.
Observation 4: Option 1 and 3 are feasible from the conformance test point of view.
Observation 5: With option 1 and 3, the channel estimation and interference covariance estimation performance are impacted and need to be verified.
Two proposals are given:
Proposal 1: RAN4 to specify BS MMSE-IRC demodulation requirements for asynchronous network operation.
[bookmark: _Ref129681832]Proposal 2: Select option 1 or option 3 as asynchronous network interference model. Option 1 is more preferred since it better reflects the real interference condition.
3. Conclusion
In this contribution, we further discussed the interference model for asynchronous IRC tests, with the following observations:
Observation 1: With option 2, MMSE-IRC performance in asynchronous scenario is similar or slightly poorer compared to that in synchronous scenario.
Observation 2: With option 1 and 3, MMSE-IRC performance in asynchronous scenario is worse than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve obvious performance gain compared to MMSE receiver.
Observation 3: Based on system simulation, scheduling two different UEs in two continuous TTIs is a typical case.
Observation 4: Option 1 and 3 are feasible from the conformance test point of view.
Observation 5: With option 1 and 3, the channel estimation and interference covariance estimation performance are impacted and need to be verified.
Two proposals are given:
Proposal 1: RAN4 to specify BS MMSE-IRC demodulation requirements for asynchronous network operation.
Proposal 2: Select option 1 or option 3 as asynchronous network interference model. Option 1 is more preferred since it better reflects the real interference condition.
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Annex A: Detailed descriptions on the interference models
This section describes three options for asynchronous network interference model.
· Option 1: Modelling 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. 
[image: ]
Figure A-1: Modeling of time-varying interference: One explicit interfering cell

· Option 2: The only difference compare to 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.
Note: model only one interfering UE for 2Rx cases.
[image: ]
Figure A-2: Two simultaneous interfering UEs

· Option 3: Modeling of time-varying interference in terms of fast fading
· The only difference compared to Option 1 is that the interference power of UE 1-1 and UE 1-2 are the same.
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Note: Use different channel seeds for the three UEs.
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