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1. Introduction
In RAN4 #76bis meeting, the need of the requirements for asynchronous network has been discussed [1-4] and there are the following two proposed options on interference modeling methodology for asynchronous network [5]: 
· Interference modeling methodology 1
· 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.
· Interference modeling methodology 2
· 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.
In this contribution, we provide our views on the methodology and link parameters for asynchronous network. 
2. Discussion
2.1 Channel seeds configuration

In the RAN4#76 meeting, we present the performance comparison of asynchronous and synchronous network in [2]. In [4], it also provided the performance comparison and the simulation results showed minor performance difference between the asynchronous and synchronous network which is different from our results in [2]. 

Firstly we want to further clarify the interference modeling methodology in our simulation, different channel seeds are configured in different TTIs for the fading channel of the interfering UEs. In other words, there are two cases for the channel seeds configuration, we adopt case 1 in our simulation, and we think case 2 was used in the former synchronous simulations. 

Case1: different channel seeds are configured in different TTIs for the fading channel of the interfering UEs

Case2: Same channel seeds are configured in different TTIs for the fading channel of the interfering UEs

And then we analyzed the large performance difference between asynchronous and synchronous network in our results. In figure 1, we present the received power curves changed with TTIs in one antenna port for interfering UE 1 with timing delay. Figure 1-1 and 1-2 show the curves for case 1 and case 2 respectively. 
From the curves, we can observe that there is larger received power difference between TTIs for case 1. In this case, if there is timing delay between the serving UE and the interferers, which may cause uneven power within one TTI and between TTIs for the interferers. From the channel characteristic aspect, in case 1, the difference of the channels between different TTIs is large which will make the estimated interferer covariance matrix mismatch with the real interfering condition, and then impact the demodulation performance of the wanted signal, hence our simulation results show there is more than 1dB performance degradation for MMSE-IRC receiver caused by the timing delay.
Regarding case 2, as there is minor received power difference between TTIs, even if there is timing delay between serving UE and interferers, the interfering power is relatively even in time domain, and the channel characteristic of neighboring TTIs with same channel seeds are very similar, so the estimated channel matrix and interferer covariance matrix are relatively matching with the current propagation condition, therefore the timing delay have less impact to the demodulation performance of the serving UE. 
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Figure 1-1 Received power curves for case 1
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                                                                  Figure 1-2 Received power curves for case 2
                Figure 1 Received power curves changed with TTIs in one antenna port for interfering UE 1
2.2 Performance evaluation in asynchronous network
In order to verify the analysis in section 2.1, we evaluate the performance of MMSE-IRC and MMSE receiver in asynchronous and synchronous network for both case 1 and case 2. In the following figures 2-4, we provided the link level simulation results for heterogeneous scenario based on the interference modeling methodology 2 which configured same channel seeds in different TTIs (case 2).
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Figure 2 Throughput performance for Asynchronous and synchronous networks (Case2-Heterogeneous-2Rx-EPA5)
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Figure 3 Throughput performance for Asynchronous and synchronous networks (Case2-Heterogeneous-4Rx-EPA5)
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Figure 4 Throughput performance for Asynchronous and synchronous networks (Case2-Heterogeneous-8Rx-EPA5)
From the results, we can observe that the performance difference between asynchronous and synchronous network for case 2 is less than 0.5dB, hence we need different interference modeling methodology to evaluate the performance of BS IRC receiver in asynchronous network. And there are the following two options discussed in the last meeting:
· Option1: Interference modeling methodology 1
· 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.
· Option2: Interference modeling methodology 2
· 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.
Firstly, we modified option 2 based on the description of case 1. 

· Option2: Modified Interference modeling methodology 2
· One of the differences w.r.t. the synchronous simulation setup is to model certain timing offsets, and the other one is configuring different channel seeds in different TTIs for the fading channel of the interfering UEs.
· 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.
· Configured different channel seeds in different TTIs for the fading channel of the two interfering UEs.
In the following figures 5-10, we provided our link level simulation results for the modified interference modeling methodology 2 to compare the throughput performance of asynchronous and synchronous network in several different test scenarios based on the simulation assumptions in [5].
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Figure 5 Throughput performance for Asynchronous and synchronous networks (Case1-Heterogeneous-2Rx-EPA5)
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Figure 6 Throughput performance for Asynchronous and synchronous networks (Case1-Heterogeneous-4Rx-EPA5)
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Figure 7 Throughput performance for Asynchronous and synchronous networks (Case1-Heterogeneous-8Rx-EPA5)
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Figure 8 Throughput performance for Asynchronous and synchronous networks (Case1-Homogeneous-2Rx-EVA70)

[image: image12.emf]-10 -8 -6 -4 -2 0 2 4

0

5

10

15

x 10

6

SINR(dB)

Throughput(bps)

Homogeneous 4Rx EPA5 MCS15 fullbandwidth

 

 

MMSE-IRC Asyn

MMSE Asyn

MMSE-IRC Syn

MMSE Syn


Figure 9 Throughput performance for Asynchronous and synchronous networks (Case1-Homogeneous -4Rx-EVA70)
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Figure 10 Throughput performance for Asynchronous and synchronous networks (Case1-Homogeneous -8Rx-EVA70)
From the figures 5 to 10, we can observe that there is more than 1dB performance degradation for MMSE-IRC receiver in the asynchronous network. But excluding the test case 1 in the table 1, there are still more than 2dB throughput gain of MMSE-IRC receiver vs. MMSE receiver for all the other test cases. And based on the following agreements to choose MCS, the simulation results show that the SINR of all the test cases for MMSE-IRC receiver are within the required range, hence we don’t need to revise the simulation parameters in the table 1.
· Criterion to choose MCS (to check whether the required SINR will fall within the SINR range provided below. If not, the tentative MCS provided in the table below will be revisted)
· For homogeneous network, the resulted SINR (taking the typical margin into account) should be within [-5, 4] dB which is according to the system simulation results of SINR.
· For heterogeneous network, the resulted SINR (taking the typical margin into account) should be within [-8, 4] dB, which is according to the system simulation results of SINR.
Table 1: 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)


Observation 1: For the modified interference methodology 2, although there is more than 1dB performance degradation for MMSE-IRC receiver in the asynchronous network, excluding the test case 1 in the table 1, there are still more than 2dB throughput gain of MMSE-IRC receiver vs. MMSE receiver for all the other test cases. And based on the past agreements to choose MCS, the simulation results show that the SINR of all the test cases for MMSE-IRC receiver are within the required range. 
Although there is some performance degradation for MMSE-IRC receiver as timing delay of the interferers, MMSE-IRC receiver can achieve obvious performance gain compared to MMSE receiver. Considering asynchronous is an important scenario in the realistic network, we propose to introduce the performance requirement of MMSE-IRC receiver for asynchronous network in the specification.

Proposal 1: Introduce the performance requirement of MMSE-IRC receiver for asynchronous network in the specification.
Regarding methodology 1 [1], it modeled the change of power level and fast channel seed between two continuous TTIs for the asynchronous interference, which reflect the real interference condition. But from the complexity aspect, we think if we adopt the methodology 1for the asynchronous network, besides the increasing number of test cases for asynchronous network, it also increased the complexity of the tests. And as to the methodology for obtaining DIPs, we have concern that whether the DIP 1-1 and DIP 1-2 values can represent the realistic interference condition. 
As for the modified option2, we think it can meet the need of test requirement. Firstly it modeled the real network scenario, the received power of interferences is uneven within one TTI and between two continuous TTIs. Secondly, if configuring different channel seeds in different TTIs is feasible for the test equipment, the complexity of this methodology is less than methodology 1. Lastly, from the performance aspect, excluding the test case 1 in the table 1, there are still more than 2dB throughput gain of MMSE-IRC receiver vs. MMSE receiver in asynchronous network for all the other test cases.  
Considering the down selection of the test cases, we think the test cases 2, 4 and 6 are enough to cover the different antenna configurations. The reason is to choose the test cases have large performance difference of MMSE-IRC receiver between asynchronous and synchronous scenarios and there is enough performance gain for MMSE-IRC receiver vs. MMSE receiver in asynchronous network. So we have the following proposals 2 and 3:
Proposal 2: Adopt the modified interference modeling methodology 2 to verify the performance requirement for BS MMSE-IRC receiver in asynchronous network if configuring different channel seeds in different TTIs is feasible for the test equipment. 
Proposal 3: Regarding the test cases for asynchronous scenario, test cases 2, 4 and 6 are enough to cover the different antenna configurations.
3. Conclusion
In this contribution, we analyzed the need of requirements for asynchronous network based on our link level simulation results and provided our view on the system level simulation work.
Observation 1: For the modified interference methodology 2, although there is more than 1dB performance degradation for MMSE-IRC receiver in the asynchronous network, excluding the test case 1 in the table 1, there are still more than 2dB throughput gain of MMSE-IRC receiver vs. MMSE receiver for all the other test cases. And based on the past agreements to choose MCS, the simulation results show that the SINR of all the test cases for MMSE-IRC receiver are within the required range. 
Proposal 1: Introduce the performance requirement of MMSE-IRC receiver for asynchronous network in the specification.
Proposal 2: Adopt the modified interference modeling methodology 2 to verify the performance requirement for BS MMSE-IRC receiver in asynchronous network if configuring different channel seeds in different TTIs is feasible for the test equipment. 

Proposal 3: Regarding the test cases for asynchronous scenario, test cases 2, 4 and 6 are enough to cover the different antenna configurations and both the homogeneous and heterogeneous scenarios.
· Option2: Modified Interference modeling methodology 2
· There are the following two differences w.r.t. the synchronous simulation setup

· 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.
· Configured different channel seeds in different TTIs for the fading channel of the two interfering UEs. 
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