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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.

In this contribution we will discuss the reference receiver and how to specify the LTE BS MMSE-IRC receiver demodulation performance requirements.
2 Reference receiver
The details of receiver structure of MMSE-IRC receiver were given in [2] and for BS the similar MMSE-IRC receiver architecture will be used.
Assuming that there are NTx transmit antenna array element and NRx receive antenna array element. 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 recovered NStream×1 signal vector at the UE is detected by using the (NStream×NRx) receiver weight matrix WRx,1(k,l) as follows.
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For MMSE receiver, the weight matrix is denoted as follows:
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In the equation,
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is the estimated channel matrix, and P1 and σ2 are the signal power and noise spectrum density respectively. 
When there is only one transmit antenna, the MRC receiver will be used. The weight matrix is denoted by:
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For MMSE-IRC receiver the weight matrix is denoted as:
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where R denotes the estimated covariance matrix. To obtain the MMSE-IRC receiver weight matrix the covariance matrix including the sources of inter-cell interference needs to be estimated. For uplink demodulation we use the DMRS based covariance matrix estimation scheme, where the covariance matrix is estimated by the following equations:
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where Nsp is the available sample number for estimation, and 
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.
· Proposal 1:  we propose the IRC receiver given in (1) with DMRS based covariance channel matrix estimation as the reference receiver.
3 Framework of demodulation performance requirements
For the framework of demodulation performance requirements, we would like to suggest the following test setup:

· Proposal 2:  for the framework of BS IRC demodulation performance requirements, we propose that

· PUSCH MMSE-IRC requirements

· MCS: QPSK 1/3, whether to introduce the other MCS-es depends on further evaluation.

· Propagation conditions: EPA5, EVA5, EVA70;

· Antenna configuration: 1x2, 1x4, 1x8

· Full PRB transmission during the test;
· System bandwidth for the requirements: focus on 10MHz~20MHz; 

· For the evaluation in Phase I, focus on 10MHz bandwidth;

· Test metric: we prefer to relative throughput vs SNR instead of relative throughput vs SINR
· Requirements can be extended to CA;

· Normal CP;

· No frequency hopping is enabled within TTI;

· No new requirements for ACK/NACK multiplexed on PUSCH with MMSE-IRC

· No new requirements for uplink timing with MMSE-IRC

· No TTI bundling

· PUCCH MMSE-IRC requirements

· Mainly focus on PUSCH requirements.

MCS

Unlike downlink MMSE-IRC receiver, the geometry and relation between power levels of serving cell and aggressor cells could not be used to determine the interference characteristics for uplink IRC receiver. At the serving eNB receiver, the interference characteristic on the certain PRB with a TTI is independent of the scheduled UE. What MCS will be applied also depends on the actual transmit power for that UE, which would be related to the closed-loop power control. But different companies may have the different algorithms. It would be difficult to align the simulation results. 
Therefore we think that we cannot follow the method to determine the interference levels for downlink MMSE-IRC receiver, i.e., first assume the geometry and then select the MCS which provide required SNR at 70% relative throughput approaching the assumed geometry. We should first decide a group of the candidate interference levels and use the existing MCS-es for BS demodulation requirements, i.e., 1/3 QPSK, 3/4 16QAM, and 5/6 64QAM, as the starting point and then try to find the proper combinations of MCS-es and interference levels to provide the significant gain between IRC and MRC receiver. In that way, we can have a good test point.
Full PRB transmission

The disadvantage of single PRB transmission for the test is that the covariance matrix within one PRB is the same. But in practice the uplink transmission will be scheduled on multiple PRBs and BS need to mitigate the interference with different interference covariance matrices. So the full PRB transmission would be better than the single PRB transmission from the test point of view.
System bandwidth for the requirements
Firstly the performance on different bandwidths would be quite similar. Secondly 10MHz~20MHz would be widely supported. To reduce the test case number, we propose to focus on 10MHz, 15MHz and 20MHz for the requirements.

Test metric
As mentioned for MCS discussion, the geometry was used to determine the MCS and test metric for downlink MMSE-IRC receiver. Thus the SINR instead of SNR is used for UE MMSE-IRC requirements. But for BS, if the different approach was used for MCS selection, then it would be better to use SNR, which may be beneficial for comparison of the performance between normal receiver and IRC receiver.
4 Conclusions

In this paper, we provide our views on the reference receiver and the framework of the BS MMSE-IRC receiver. We have the following proposals:
· Proposal 1:  we propose the IRC receiver given in (1) with DMRS based covariance channel matrix estimation as the reference receiver.
· Proposal 2:  for the framework of BS IRC demodulation performance requirements, we propose that

· PUSCH MMSE-IRC requirements

· MCS: QPSK 1/3, whether to introduce the other MCS-es depends on further evaluation.

· Propagation conditions: EPA5, EVA5, EVA70;

· Antenna configuration: 1x2, 1x4, 1x8

· Full PRB transmission during the test;

· System bandwidth for the requirements: focus on 10MHz~20MHz; 

· For the evaluation in Phase I, focus on 10MHz bandwidth;

· Test metric: we prefer to relative throughput vs SNR instead of relative throughput vs SINR

· Requirements can be extended to CA;

· Normal CP;

· No frequency hopping is enabled within TTI;

· No new requirements for ACK/NACK multiplexed on PUSCH with MMSE-IRC

· No new requirements for uplink timing with MMSE-IRC

· No TTI bundling

· PUCCH MMSE-IRC requirements

· Mainly focus on PUSCH requirements.
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