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1   Introduction
In RAN#73 meeting, the new study item on interference cancellation receiver for LTE BS was approved in [1]. The objectives for study item are as follows: 
· Identify the target deployment scenarios and the co-channel intra-cell interference conditions. The following scenario is to be considered:

· Intra-cell inter-user interference scenario where multiple users are co-scheduled on the same resource elements.

· Identify the reference receiver structures for PUSCH 
· Receiver structures based on interference cancellation is considered as a starting point, and practical and realizable implementation should be taken into account.

· Agree on the interference models, interference levels and simulation parameters for link level evaluations
· Evaluate the link-level gain for PUSCH over baseline receiver
· Evaluate the link-level gain over baseline Rel-8 MMSE receiver for intra-cell inter-user interference scenarios.

· The prioritization of number of Rx antennas will be discussed and decided in study phase.
In this contribution, we will discuss the reference receiver for BS IC.
2   Discussion
2.1   Background on advanced receivers
In previous releases, RAN4 had specified 8Rx and MMSE-IRC demodulation performance requirements to enhance uplink throughput. This BS IC study item is in the same direction. 
MMSE-IRC makes use of multiple receiver antennas and interference statistical characteristics, and put interference into the noise subspace and put signal into signal subspace by using IRC/whitening algorithm such as to improve the target UE receiving performance.

Unlink BS MMSE-IRC receiver study, the purpose of this WI is to study and specify the advanced receiver with intra-cell inter-user interference cancellation capability to enhance the spectrum efficiency for uplink transmission, while MMSE-IRC is mainly used to suppress the inter-cell interference, i.e., the interference from neighbor cells.
Besides, the desired receiver in this study item should be able to handle the interference which falls into the signal subspace, say, cannot be suppressed by linear operation (matrix operation). It means that we should study the non-linear receiver, which is the counterpart of downlink MUST study in some sense.
For downlink, RAN4 had studied the following advanced receivers:
· MMSE-IRC receiver (Type-A, inter-cell interference suppression): calculate the interference correlation matrix, and suppress the interference into the noise sub-space of correlation matrix, which does not need the assistant information from network;
· NAICS receiver (Type-B, inter-cell interference cancellation): SLIC (symbol level interference cancellation) and CWIC (codeword interference cancellation), which recover the interference PDSCH symbols from neighbor cell and cancel the interference from the received signal, and need assistant information;
· CRS-IC receiver (inter-cell CRS interference cancellation): recover the received neighbor cell CRS interference first and then cancel them from the received signal, which needs the assistant information;

· SU-MIMO inter-stream interference cancellation receiver (Type-C, intra-cell inter-stream interference suppression and/or cancellation, single user): R-ML (reduced complexity maximum likelihood receiver) and CWIC, which utilize the non-linear algorithm to joint decoding multiple streams, and do not need assistant information;

· MUST (intra-cell inter-user interference suppression and/or cancellation): include SLIC, R-ML and CWIC, which suppresses or cancel the interference from the other users that share the same frequency and time resources as the target user, and needs the assistant information.
Different from downlink, SC-FDMA is used to reduce the PAPR of transmit waveform, and DFT is conducted after modulation and before resource mapping. Due to DFT operation, it would be difficult to implement symbol-level based algorithms, i.e., R-ML and SLIC. So CWIC would be only choice for BS intra-cell inter-user interference cancellation among three non-linear advance receivers, i.e., R-ML, SLIC and CWIC.
2.2   Reference receiver for BS IC
Firstly as discussed above, due to DFT operation CWIC would be only candidate advanced receiver for intra-cell inter-stream BS IC receiver.
· Proposal 1: Use CWIC (codeword interference cancellation) receiver as reference receiver.
Secondly, the scheduling scheme would have impact on the reference receiver, and we need consider the scheduling scheme and reference receiver at the same time.
For example, assume that there are four receiver antennas at BS. One scheduling scheme is to pair four users which are spaced very sparsely such that the signals from them come from different directions and are spatially uncorrelated. It is more like MU-MIMO scenario, and maybe MMSE receiver is sufficient to handle it. 
The other scheme is to first group two highly spatially correlated users and then pair four such kinds of groups. In that way, totally at most eight users can be put into the same resources. At the BS receiver, MMSE receiver can separate the signal into four layers and there would be two user streams in each layer. In that case, we may need BS IC receiver capable of handling two users after MMSE operation.

Besides, considering the existence of inter-cell interference, the whitening/IRC operation may be conducted before conducting intra-cell interference cancelling. In such scenario, some spatial freedoms of receiver array are needed or kept to suppress the inter-cell interference. As a result, more highly correlated users may be put into one layer and thus higher BS IC capability, i.e., cancelling more intra-cell inter-stream interference, would be required.

Of course we can conduct BS IC across all the intra-cell streams without MMSE equalization first. But the complexity would be very high especially when the receiver antenna number is large.
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 1.

Figure 1: Candidate reference receiver for intra-cell inter-stream BS IC receiver
· Proposal 2: We suggest considering pre-whitening operation and MMSE receiver together with CWIC as reference receiver to reduce the complexity.
· 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
The complexity of CWIC receiver will increase seriously with the increasing number of interferences to be handled. So like what we did for MUST, we should put the upper bound on the number of signals to be handled for CWIC.
· Proposal 3: For CWIC receiver, decide the maximum number of signals to be handled.
And this limitation will have impact on the scheduling scheme used for BS IC.
Thanks to outcome from MUST [2], we list all the information of the paired users for CWIC receiver below:
· Existence/processing of BS-IC interference per spatial layer
· Transmission power allocation of each user’s PUSCH
· Spatial receiving vector(s) of each user
· Modulation order of each codeword
· Resource allocation
· DMRS information
· PUSCH RE mapping information
· Transmission scheme
· HARQ information
· Parameters for descrambling and CRC checking for the PUSCH
· Transport block size

It can be observed that all those information are available at BS.
· Observation: all the information needed for CWIC is available at BS.
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: we suggest considering pre-whitening operation and MMSE receiver together with CWIC as reference receiver to reduce the complexity.

· 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.
· Proposal 3: For CWIC receiver, decide the maximum number of signals to be handled.

And this limitation will have impact on the scheduling scheme used for BS IC.
We observe that
· Observation: all the information needed for CWIC is available at BS.
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