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1   Introduction
In RAN4#80bis meeting, the way forward was approved [1]. The agreements for reference receiver are as follows:

· Reference Receiver 

· Option 1: CWIC
· CWIC is used to mitigate uplink intra-cell inter-user interference 

· IC iteration may or may not be implemented to further improve the receiver performance 

· The Rel-13 BS MMSE-IRC receiver can be applied simultaneously for inter-cell interference suppression while CWIC receiver is used for intra-cell interference cancellation, if inter-cell interference are to be modeled.
· Option 2: SLIC

· Down-selection to be made in the next meeting by taking complexity and performance into consideration

· Baseline receiver for performance comparison

· MMSE receiver for intra-cell interference scenario only 

· Rel-13 BS MMSE-IRC for inter-cell interference suppression, if inter-cell interference are to be modelled.
In this contribution, we will discuss the reference receiver for BS IC. According to discussion [2~5] last meeting, there would be several issues. Firstly which reference receiver out of CWIC and SLIC should be used for BS IC? Secondly, how many co-scheduled intra-cell user(s) should the BS IC receiver cancel? Thirdly, should IRC or whitening be used as part of reference receiver in this evaluation and requirements? And the third question is also related to the discussion on whether the inter-cell interference should be modeled.
2   Discussion
2.1   CWIC and SLIC
Figure 1 provides the uplink physical channel processing, which is copied from TS36.211. And Figure 2 provides the downlink physical channel processing. One of big differences between uplink and downlink is that additional “Transform precoder”, i.e., DFT operation, will be conducted between “Layer mapper” and “Precoding” blocks for uplink.
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Figure 1: Overview of uplink physical channel processing
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Figure 2: Candidate reference receiver for intra-cell inter-stream BS IC receiver
Due to DFT operation, it is very difficult to perform SLIC. 
According to the study in NAICS, the SLIC is conducted after MIMO equalizer. Generally the knowledge of modulation order is needed to reconstruct the interference signal to be cancelled, and thus blind detection of modulation order, PMI and RI is needed. Based on that information, the soft or hard re-construction of interference signal and cancellation can be conducted.
But for uplink, DFT operation destroys the structure of signals before pre-coding at transmitter or after MIMO equalizer or MRC at receiver. There is almost no way to re-construct the interference signals. 
One possible way might be to conduct SLIC after iDFT at receiver. But it requires that the same DFT is applied for all the co-scheduled UEs. When the resource allocations for the co-scheduled UEs are not well aligned, it seems impossible. To require the alignment of resources allocated between UEs would put too much restriction on network.
According to our understanding, the complexity of CWIC for BS seems acceptable and the performance is reliable. And according to discussion in [2], all the information which is needed for CWIC is available at BS. So we propose that
· Proposal 1: Use CWIC (codeword interference cancellation) receiver as reference receiver.

2.2   Number of intra-cell inter-users to be cancelled
In MUST, the number of co-scheduled users is defined as the number of users in one spatial layer. The users in one spatial layer cannot be distinguished by any linear spatial processing. As a result, only interference cancellation works for that scenario. We propose to follow the same methodology to specify the number of intra-cell inter-user(s) to be cancelled.
And considering the complexity of implementation, we also propose to follow the number for MUST, i.e., the maximum number of co-scheduled users per spatial layer is 2 for BS IC.
· Proposal 2: Specify the maximum number of intra-cell co-scheduled users per spatial layer for BS IC.
· Proposal 3: The maximum number of co-scheduled users per spatial layer for BS-IC to handle is proposed to be 2.
2.3   IRC processing for BS IC
In the agreements it was said that Rel-13 BS MMSE-IRC for inter-cell interference suppression, if inter-cell interference are to be modelled. In my view, this agreement is debatable. Even without inter-cell interference, if the two users are not within the same spatial layer, then IRC can also suppress the inter-user interference. The residual interference after IRC could be handled by BS IC.
In our view, there will be inter-cell interferences in the practical network and IRC will be supported since Rel-13 as mandatory feature. If there were inter-cell interferences, the performances between with and without IRC is expected to be different. So we should specify the requirements under the set up matching the real life well and to verify the performance of the whole receiver including both IRC and BS IC. 
Based on the above analysis, the MMSE or MMSE-IRC (whitening operation before MMSE equalization) should be considered together with CWIC receiver. One possible receiver structure is shown in Figure 3.

Figure 3: Candidate reference receiver for intra-cell inter-stream BS IC receiver
· Proposal 4: We suggest considering MMSE-IRC together with CWIC as the reference receiver

· For intra-cell interference which can be project to the other sub-space orthogonal to target signal’s, the correlation matrix can be estimated by using DM-RS of interference signals;
· For inter-cell interference, covariance matrix is estimated at DM-RS Res
2.4   BS IC iteration
Iteration can improve the performance. But iterations also will increase the complexity of implementation, and when there will be cap for the performance with iteration. When the times of iteration approach a certain value, the performance will not be improved. How to do and how many times the iteration should be do would be implementation issues, which should not be mandated.
3   Conclusion
In this contribution, we discuss the candidate BS IC reference receiver. We propose that 
· Proposal 1: Use CWIC (codeword interference cancellation) receiver as reference receiver.

· Proposal 2: Specify the maximum number of intra-cell co-scheduled users per spatial layer for BS IC.
· Proposal 3: The maximum number of co-scheduled users per spatial layer for BS-IC to handle is proposed to be 2.
· Proposal 4: We suggest considering MMSE-IRC together with CWIC as the reference receiver

· For intra-cell interference which can be project to the other sub-space orthogonal to target signal’s, the correlation matrix can be estimated by using DM-RS of interference signals;
· For inter-cell interference, covariance matrix is estimated at DM-RS RE-s.
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