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1. Introduction
In the RAN4#74 meeting, scenarios, interference modelling and simulation assumptions for homogeneous and heterogeneous for BS LMMSE-IRC receiver have been discussed [2-16], some agreements on system level simulation assumptions and reference receiver have been made in [14-16]. According to the work plan [1], candidate reference receivers and simulation assumption should be discussed. In this contribution, we provide our views on simulation framework for link level simulation. 
2. Discussion
PUSCH reference receiver structure
The NRx-dimensional received signal vector r of the k-th subcarrier and the l-th OFDM symbol is assumed to be expressed as a sum of "own signal 
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 represent the NTx x1 transmitted signal vector and the (NRx x NStream) equivalent channel matrix between the j-th UE and the BS. The recovered NStream x 1 signal vector at the BS, 
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, is detected by using the (NStream x NRx) receiver weight matrix 
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For MMSE baseline receiver, the weight matrix is expressed as follow:
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where 
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denote the estimated channel matrix and noise power, respectively. P1 is the transmission power of the serving UE and is equal to 
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For MMSE IRC receiver, the DM-RS based weight matrix is expressed as follow:
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where 
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denote the estimated channel matrix and covariance matrix, respectively, P1 is the transmission power of the serving UE and is equal to 
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 denotes the estimated channel matrix, Nsp is the available sample number for estimation, and 
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In [11], there is discussion about two methods for DMRS based covariance matrix estimation. For the enhanced method, the severing cell needs to know the transmission parameters of the interfering UEs like DMRS configuration and transmission mode. Although the enhanced method implies more accurate interference covariance matrix estimation and better demodulation performance, but we may need to consider more implement margin, and the amount of performance improvement is also uncertain. From another aspect, the practical algorithm for estimation method is an implement issue, therefore, we prefer to take the baseline MMSE-IRC receiver in equation (1) as the reference receiver structure.   
Proposal 1:  We propose to take the baseline MMSE-IRC receiver in equation (1) as the reference receiver.
Framework for the link level simulation 
For the framework of BS IRC demodulation performance requirements, we propose the simulation assumptions in the table 1 below.
Table 1 Assumptions for the PUSCH link level simulation
	Parameters
	

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	MIMO configuration on Serving UE
	1x2, 1x4, 1x8 low correlation

	MIMO configuration on interference UE1
	1x2, 1x4, 1x8 low correlation (same antenna configuration as the serving UE)

	MIMO configuration on interference UE2
	1x2, 1x4, 1x8 low correlation(same antenna configuration as the serving UE)

	Channel model and Doppler frequency for target and interference UEs
	EVA5, EVA70
Use different channel seed for between cells

	MCS for target signal
	Depends on the DIPs and initial simulation

	H-ARQ
	8 HARQ processes and max 4 transmissions

	Redundancy version sequence
	0, 2, 3, 1

	HARQ combining
	Incremental redundancy

	MCS/ PMI transmission granularity for interference UEs
	Randomly changing from subframe to subframe, 
Frequency granularity is full bandwidth

	Resource allocation
	Full bandwidth

	Cyclic prefix
	Normal CP

	Channel estimation
	DMRS based covariance matrix estimation (interference covariance matrix estimation should be conducted per PRB and per TTI)

	Receiver
	MMSE-IRC baseline receiver

	Simulation length
	10000 sub-frames at minimum


Test cases 
In the [10], there are proposal to cover the following three types of UEs in phase I link-level evaluation:
· Low SINR UEs: The first priority, for verifying the performance gain brought by MMSE-IRC.

· Medium SINR UEs: For verifying the performance gain brought by MMSE-IRC.

· High SINR UEs: For verifying the performance robustness of BS MMSE-IRC receiver, i.e., ensure at least no performance loss compared to MMSE.
In the table 2 below, we provided our initial PUSCH simulation results based on the proposed assumptions in the table 1, assuming three PRBs are allocated for every subframe transmission. And for SINR=-2.5dB, DIP1=-1.061dB, DIP2=-9.415dB, for SINR=5.5dB, DIP1=-3.273dB, DIP2=-7.733. 
From the simulation results, we can observed that the throughput gain of MMSE-IRC receiver over MMSE baseline is more than 50% for the low SINR UEs, but for the medium SINR UEs with 2Rx configuration, the throughput gain can not reach to 20%. Since the purpose of the performance test is to verify the performance gain brought by MMSE-IRC receiver, considering the performance gain for medium SINR UEs is not distinct, in order to reduce the number of test cases, we propose to only verify the performance requirements for the low SINR UEs, which we think can achieve the purpose of the performance test. 
Proposal 2 : We propose to only verify the performance requirements for the low SINR UEs, which we think can achieve the purpose of the performance test.
Table 2 Initial PUSCH simulation results for 2Rx based on the proposed assumptions in the table 1
	
	Channel model
	Number of external interferers
	MCS of interference
	SINR
	MCS
	MMSE-IRC
	MMSE baseline
	Throughput gain

	2Rx


	EPA5
	1
	QPSK
	-2.5
	7
	326843.200
	168424.000
	94.06%

	
	
	
	
	
	8
	320544.000
	151876.800
	111.06%

	
	
	
	16QAM
	-2.5
	7
	313641.600
	196425.600
	59.67%

	
	
	
	
	
	8
	351920.000
	151283.200
	132.62%

	
	
	2
	QPSK
	-2.5
	7
	331875.200
	170969.600
	94.11%

	
	
	
	
	
	8
	339963.200
	163155.200
	108.37%

	
	
	
	16QAM
	-2.5
	7
	322936.000
	196425.600
	64.41%

	
	
	
	
	
	8
	349545.600
	178784.000
	95.51%

	
	EVA5
	1
	16QAM
	5.5
	10
	512635.200
	481683.200
	6.43%

	
	
	
	
	
	11
	492896.000
	421358.400
	16.98%

	
	
	2
	16QAM
	5.5
	10
	543704.000
	475259.200
	14.4%

	
	
	
	
	
	11
	496804.800
	458107.200
	8.45%


Table 3 Initial PUSCH simulation results for 4Rx based on the proposed assumptions in the table 1
	
	Channel model
	Number of external interferers
	MCS of interference
	SINR
	MCS
	MMSE-IRC
	MMSE baseline
	Throughput gain

	4Rx


	EVA5
	1
	QPSK
	-2.5
	7
	490531.200
	264328.000
	85.58%

	
	
	
	
	
	8
	524403.200
	284928.000
	84.05%

	
	
	2
	QPSK
	-2.5
	7
	512198.400
	308964.800
	65.78%

	
	
	
	
	
	8
	571721.600
	290185.600
	97.02%

	
	EVA5
	1
	16QAM
	5.5
	10
	857662.400
	747286.400
	15.71%

	
	
	
	
	
	11
	855105.600
	709084.800
	20.59%

	
	
	2
	16QAM
	5.5
	10
	880438.400
	715283.200
	23.09%

	
	
	
	
	
	11
	919137.600
	708110.400
	29.8%


Test Metric
Since it is difficult to align simulation results when we enable MCS/PMI adaptation in the link level simulation, we propose to use fixed reference channels in the performance evaluation of MMSE-IRC receiver.
Proposal 3: Use fixed reference channels in the performance evaluation of MMSE-IRC receiver.

As there are interferences modelling in the demodulation test, use SINR or SNR for the performance comparison is also needed to consider. For the downlink IRC receiver evaluation, we align simulations to record throughput vs. sweeping geometry while DIPs are kept fixed and equal to agreed values, which can also be used in the uplink evaluation. We derive the DIP values from system simulation results and when running the link level simulation, DIPs can be kept constant and change the power of noise to change the throughput performance, and then determine the test point such as [70%] of the maximum throughput of the FRC, which is a typically used in RAN4 demodulation tests.   
Proposal 4:
Alignment simulations to record throughput vs. sweeping SNR while DIPs are kept fixed and equal to agreed values.
Structure of the interference

· Time/frequency variation of interferer PMIs:  Randomly changing from subframe to subframe, Frequency granularity is full bandwidth.
As we prioritize 1Tx UE scenario for both target PUSCH and interference PUSCH, for which the only PMI is one, we also propose to randomly change the interferer PMIs from subframe to subframe, and the frequency granularity is full bandwidth, which can be considered in the 2Tx UE scenario.
· Interferer MCS: 16QAM 
Based on our initial PUSCH simulation results in table 2, it is shown that the MCS of interferer has no impact to the throughput performance. As 16QAM has more constellation points, we think it could make a more random interference. Moreover, 16QAM has an increased variability in the amplitude domain which would most likely be modelled by OCNG in the test systems, so we propose to use 16QAM as the fixed MCS for the interfering cells.
· Antenna configuration: same as the serving UE, 1Tx
Proposal 5: 
Choose fixed random modulation for the interfering cell signals such as 16QAM.
Remain issues 
· PUSCH with 1Tx SIMO under asynchronous network
We think the asynchronous network can be considered in Phase II. We can define the new DIP values based on the system level simulation, and consider the timing offset based on the link level simulation, which is the same procedure processed in the downlink IRC performance evaluation.
· PUSCH with 2Tx MIMO
For the 2Tx transmission, we think the main consideration is the evaluation for rank 2 transmission, which is for the cell-center high SINR UEs. Meanwhile we think maybe there will not be obvious performance gain of MMSE-IRC receiver comparing to MMSE baseline receiver for the high SINR UEs, so firstly simulations may be needed to decide the necessity of PUSCH with 2Tx configuration.
· PUCCH with various formats

Currently we think we should focus on the PUSCH performance requirements.
3. Conclusion
In this contribution, we provide our views on simulation framework for link level simulation, the detailed assumptions are listed in table 1.
Proposal 1:  We propose to take the baseline MMSE-IRC receiver in equation (1) as the reference receiver.
Proposal 2: We propose to only verify the performance requirements for the low SINR UEs, which we think can achieve the purpose of the performance test.
Proposal 3: Use fixed reference channels in the performance evaluation of MMSE-IRC receiver.

Proposal 4: Alignment simulations to record throughput vs. sweeping SNR while DIPs are kept fixed and equal to agreed values.
Proposal 5: Choose fixed random modulation for the interfering cell signals such as 16QAM.
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