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1 Introduction
Rel-12 SI/WI of Network Assisted Interference Cancellation and Suppression (NAICS) [1,2] has mostly focused on the inter-cell (or inter-point) case. The SI/WI concluded that SL-IC/R-ML receivers, with the network assistance of higher layer signalling of interference parameters, can achieve noticeable gain over Rel-11 LMMSE-IRC receivers. 
MU-MIMO has been defined in LTE since Rel-8 and Rel-9/10, but still no massive deployment yet. With the MU design in the current LTE, it is completely the eNB’s responsibility to minimize any MU interference. The MU interference is based on UE codebook based feedback in FDD and is one of the reasons for limited system throughput gain for MU-MIMO over SU-MIMO. It is expected that the MU throughput can be improved if NAICS concept is applied, i.e., MU interference information can be provided or accurately detected. A proposal for Rel-13 SI has been submitted for enhancement of MU-MIMO and the MU inter-beam interference cancellation based on the assistance from the network [3]. In this contribution, we discuss the motivation of the study.
2 Discussion
2.1 Multi-User Transmission in LTE
Consider the downlink of the LTE system, an eNB equipped with multiple antennas communicates with a number of UEs, each possibly equipped with multiple receive antennas. If a traditional orthogonalization technique is used, the eNB transmits to a single receiver on each time-frequency resource. Alternatively, the eNB can use MU-MIMO to simultaneously transmit to multiple receivers on the same time-frequency resource. When the number of eNB antennas is larger than the number of antennas at each terminal, the capacity of the MU-MIMO downlink channel is significantly larger than the throughputs achieved with SU-MIMO techniques.
The support of MU-MIMO in Rel-8/9/10 LTE and the potential enhancements in Rel-13 are summarized in Table 1. The enhancement of Rel-13 is an “interference non-agnostic” MU-MIMO scheme. Specifically, a UE is notified of the existence of co-scheduled UEs, and the scheduling information of the co-scheduled UEs is dynamically provided.
	Table 1. Support of MU-MIMO in Rel-8/9/10 LTE and the potential enhancement in Rel-13

	Rel-8
	Rel-9
	Rel-10
	Potential enhancement in Rel-13

	· Codebook based precoding (TM5)
· Precoding weights are chosen from a predefined Precoding Matrix Index (PMI)
	· Non-codebook based precoding (TM8)

· eNB can use any precoding weights

· UE only relies on precoded pilots  (DMRS)
	· Enhancement to non-codebook based precoding (TM9)

· Also support 8-Tx codebook-based feedback using CSI-RS
	· “Interference non-agnostic” MU

· eNB dynamically provides transmission information of co-scheduled UEs


2.2 Multi-User Interference Cancellation (MUIC)
MU interference is a big problem. In MU-MIMO, the eNB determines the linear precoding weights based on the limited UE feedback in FDD (based on codebook) or additionally the sounding in TDD. Inevitable cross-user interference appears. 
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Figure 1. Block diagram of ML and SIC receivers. The upper and lower paths correspond to ML and SIC receivers, respectively.

Advanced IC capability can help mitigate MU interference, instead of relying only on eNB precoding. With the network assisted information regarding the co-channeled UEs, it is expected that the inter-layer interference of MU-MIMO is well handled, and a higher throughput gain of MU-MIMO can be realized. There are generally two methods for advanced MU interference mitigation. One is the joint detection of the desired and interfering signals, e.g., maximum likelihood “ML” receiver, and the other is the successive interference cancellation “SIC” receiver, which includes symbol-level and codeword-level IC. Figure 1 illustrates the block diagram of the ML and SIC receivers. Comparisons of Rel-12 NAICS and the proposed Rel-13 MUIC in terms of target scenarios, signaling, and IC receivers are given in Table 2.
	Table 2. Comparison of Rel-12 NAICS and proposed Rel-13 MUIC

	
	Rel-12 NAICS
	Proposed Rel-13 MUIC

	Target scenarios 
	Cell-edge users dominated by inter-cell interference 
	UEs with mid- to high-SINR, suffering from additional intra-cell MU interference 

	Signaling
	Assisted by semi-static signaling on neighboring cells, plus blind detection of all dynamic parameters
	Dynamic signaling of the co-scheduled transmission information 

	IC receiver
	ML or Symbol-Level IC
	Additional, codeword-level IC


2.3 Study on MU System Enhancements
The concept of a joint optimization of MU operation from both transmitter and receiver’s perspective has the potential to further improve MU system capacity. This amounts to identifying any physical layer changes (e.g., CSI feedback) and network signalling (dynamic and semi-static) needed to achieve the system level gain. Joint Tx/Rx optimization might require standardization effort, on the signalling and feedback aspects at least. Proposed MU system enhancements in Rel-13 include: 
· Enhancement to MU-MIMO schemes

· Simultaneous transmission of multiple beams with one layer of data transmission in each beam

· Users’ signals are separated in spatial domain

· Based on SLIC/RML/CWIC receivers and with improved interference information over the existing MU operation

· NOMA [4]

· A special implementation of MU-MIMO

· Simultaneous transmission of multiple beams with more than one layer of data transmission in a beam

· NOMA UEs’ signals are separated in power domain
3 Conclusion 
MU operation is expected to become more suitable with the increasing interest in the deployment of 4-Tx and 8-Tx eNBs. MU-MIMO has also received a lot of interest in IEEE 802.11 to better serve multiple UEs in a conference room scenario with good fairness. The extension of NAICS study to MU operation is thus proposed after the completion of the core part of Rel-12 WI in RAN1. In this contribution, the motivation is discussed for the enhancement of MU-MIMO and the cross-user interference cancellation based on the assistance from the network.
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