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1 Introduction
In RAN meeting #66, the work item on LTE BS MMSE-IRC receiver was approved [1]. The target is to improve the LTE uplink spectral efficiency by mainly suppressing the inter-cell interference. According to the objectives of the WI, the work includes two phases:
· Phase I: system-level and link-level evaluations

· Determine the interference model, including the number and the power level of the explicitly modelled interference UEs

· Homogeneous network and heterogeneous network

· Evaluate the performance gain of MMSE-IRC over MMSE receiver
· Phase II:

· Agree on the MMSE-IRC as reference receiver (whether other kind of receiver should be considered)

· Specify the PUSCH performance requirements with MMSE-IRC receiver under inter-cell interference

· Determine whether to specify PUCCH performance requirements with MMSE-IRC receiver under inter-cell interference.

In this contribution, we would like to share our views on how to model the inter-cell interferences for LTE BS MMSE-IRC receiver. This model could be used in either evaluations of performance gain of MMSE-IRC over MMSE receiver or for the requirements. 
2 Interference modelling for BS MMSE-IRC receiver
2.1 Assumptions for determining the interference model
First we propose to focus on 1Tx UE for determining the interference model for BS MMSE IRC receiver performance requirements. In our view, the most popular UE would be still mounted with just 1Tx in the long term, and in order to boost the uplink capacity the high order modulation and UL CA will be used. We still do not see the urgent market need and potential prosperity of 2Tx UE. So from the aspect of simplifying the evaluation and considering the practical network, we propose to concentrate on the 1Tx UE.
· Proposal 1: Focus on 1Tx UE scenario in the BS MMSE-IRC WI.
Secondly in the most time the interferences for target PUSCH transmission come from the other PUSCH. It would be the corner case where the interference for PUSCH comes from the other PUCCH transmission. For the sake of simplification, we propose to assume that the interferences for target PUSCH transmission come only from the other PUSCH, namely the PUSCH transmission between the target UE and interfering UEs should be aligned.
· Proposal 2: The interferences for target PUSCH transmission come only from other PUSCH-es.
2.2 Parameters to be decided for interference modelling 

In our view, we think that the following parameters should be studied by the system simulation and determined:
· Number of inter-cell interference to be explicitly modelled;

· The power level of each interference;

· Modulation schemes for each interference;

· Granularities of the changes of interference characteristics (even or uneven interference);
· Timing delay and frequency offsets (synchronous or asynchronous interferences)
How to decide those parameters will be discussed in the other accompanied contributions.
2.3 Proposed interference model
2.3.1 Structure of interference model with TBD parameters
Unlike the downlink MMSE-IRC requirements where the aggressor cell transmitted PDSCH as well as other control channels with the equal mean power, the interference for uplink transmission could be made up of PUSCH transmissions or combinations from UEs belonging to different cells. And the schedule for UE uplink transmissions may be changed per TTI. So the interference for uplink would be with uneven power level across the frequency and time, and would be dynamically changed in a granularity
· Proposal 3: For BS MMSE-IRC receiver test, the interference should be modelled with uneven power levels, and the characters of the interference should be changed in a granularity.
In Table 1, we provide our proposed interference models with the TBD parameters.
Table 1: Interference model with TBD parameters

	Parameter
	Value
	Note

	Number of interference UEs
	N
	To be determined by system and link level simulation

	Interference power level 

(at BS single receiving antenna port)
	Select {I1(i)/Ioc,…, Ij(i)/Ioc,…, IN(i)/Ioc } with the possibility of Pi, i=1,…M
	Independently select the interferer power level per granularity from M candidates, and Ioc is sum of the other interference except for the first strongest N interferers and the thermal noise.

	Timing delay and frequency offset
	Timing delay: {τ1, …, τN};
Frequency offsets: {∆1, …, ∆N};
	To simplify the model, we propose the fixed values for a interfering UE

	Update granularity
	Frequency domain: K PRB;
Time domain: L TTI
	Power level will be changed per granularity

	Correlation matrix and receiving vector
	Independent low correlation channel
	The receiving vector of one interference will change in frequency and time domain

	Modulation scheme
	16QAM or mixed 16QAM and QPSK
	If only QPSK was applied, the other type of receiver other than MMSE-IRC might be used.


By independently applying the low correlation channel matrix to each interfering UE, the receiving vectors from the different UEs can change per granularity.
Assuming that there are NTx transmit antenna array element and NRx receive antenna array element, and that the first N strongest interfering UEs are explicitly modelled. 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 H1(k,l)d1(k,l), interference signals Hj(k,l)dj(k,l) (j>1) and the white noise n(k,l);
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where dj(k,l) and Hj(k,l), j={1, …, NUE} represent the NTx×1 transmitted signal vector and the (NRx×NTx) channel matrix between the j-th UE and the BS, and Vj(k,l) is the NTx×NStream dimensional pre-coder matrix. And we can combine Hj(k,l) and Vj(k,l) to get the equivalent NRx×NStream dimensional channel matrix He,j(k,l). The received the signal is the sum of target signal, the first N strongest interfering signals and the other noise. So by assuming the AWGN noise floor and the Rayleigh fading channel, the covariance matrix of the interfering signal plus the other noise can be denoted as 
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Wherein the i-th set of interference power level as given in Table 1 is selected. It can be observed that by changing the set of power level the Ruu can be changed per granularity given that the He,j(k,l) is statistically independent for the j-th user.
2.3.2 Simplified interference model with N=2
To determine the interference model, we should also take the limitation of the practical test equipment cost and complexity into consideration. For example, two aggressor cells are explicitly modelled for UE MMSE-IRC receiver performance requirements except for TM9 requirements. For TM9 test with 4Tx, only one aggressor cell is modelled to reduce the cost of fader.
For BS MMSE-IRC receiver, N=2 would be a realistic assumption. In Table 2 we provide the interference model with two interfering UEs.
Table 2: Interference model with N=2
	Parameter
	Value
	Note

	Number of interference UEs
	2
	To be determined by system and link level simulation

	Interference power level
	Select  one between {I1(1)/Ioc, I2(1)/Ioc } with P1 and {I1(2)/Ioc, I2(2)/Ioc } with P2
	For each granularity, the selection will be conducted independently for each interfering UE

	Timing delay and frequency offset
	Timing delay: {+3μs, -3μs};

Frequency offsets: {+300Hz, -300Hz};
	We would like to focus on synchronous network, which will dominate the future deployment

	Update granularity
	Frequency domain: 1 PRB;

Time domain: 1 TTI
	Considering single PRB scheduling and create an uneven interference model

	Correlation matrix and receiving vector
	Independent low correlation channel
	1×2 Low, 1×4 Low and 1×8 Low

	Modulation schemes
	16QAM only
	


The interference power levels should be determined by system simulation. Our intention for this proposed simplified model is to provide a starting point for study, since RAN4 had good experiences from UE advanced receiver study [2~4]. And we can provide the system simulation results and then revise the values for the proposed parameters.
3 Conclusions

In this paper, we mainly discuss the interference modelling for BS MMSE-IRC performance evaluation and requirements. We have the following proposals.
· Proposal 1: Focus on 1Tx UE scenario in the BS MMSE-IRC WI.

· Proposal 2: The interferences for target PUSCH transmission come only from other PUSCH-es.
· Proposal 3: For BS MMSE-IRC receiver test, the interference should be modelled with uneven power levels, and the characters of the interference should be changed in a granularity.
And we propose a structure of the interference model as the starting point for the BS MMSE-IRC receiver performance requirements.
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