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1. Introduction 
Downlink MU-MIMO is as an important feature to improve the system performance and meet ITU target when the system is highly loaded. MU-MIMO refers to a system where the same frequency resource is occupied by more than one UE at the same time. As a result, an eNB may transmit to two or more users simultaneously and achieve higher multiplexing gain. In Rel-9, MU-MIMO is designed in a transparent fashion. 

· “Transparent” here means that no downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB.

In this paper we provide our views on the transparency issue of MU in Rel-10. 
2. Discussion
A comparison of transparent vs. non-transparent design is provided in the following.

· Advanced MIMO receiver for intra-cell interference mitigation 

· A non-transparent MU-MIMO has the possibility to apply advanced MIMO receiver (e.g. IRC) to mitigate/suppress intra-cell interference from co-scheduled UEs. This could be beneficial for high-end terminal with more advanced MIMO receiver. 

· A UE receives both inter-cell and intra-cell interference in MU-MIMO. To a great extent, intra-cell interference may be pre-eliminated through MU beamforming by projecting the transmission of a user into the null space of the other user’s effective channel. Hence, only residual intra-cell interference (e.g. due to channel frequency-selectivity and/or CSI quantization) are subject to further mitigation allowed by a non-transparent design. For inter-cell interference mitigation that does not rely on the non-transparent property, a non-transparent MU will not help in this aspect. The realistic gain of intra-cell interference mitigation shall be carefully evaluated in a system-level simulation setup with consideration on both intra/inter-cell interferences. 

· Scheduler flexibility 

· In principle, resource assignments are not necessarily aligned for UEs multiplexed in MU transmission. A UE can be multiplexed with a different number of users in different RBs, and the DMRS ports of the co-scheduled UE could vary on different RB. A per-RB signalling of co-scheduled information (total ranks, DMRS port) is obviously too complicated. On the other hand, eNB may enforce a more aligned resource allocation among UEs, such that a single signalling of the total rank and DMRS port of co-scheduled UE is possible. However, this inevitably results in serious scheduler restriction and jeopardizes MU performance. Given that flexible UE pairing is critical to ensure MU performance [8], scheduler restriction should be avoided if possible.

· PDCCH overhead 

· Non-transparent design incurs more control signalling overhead (total rank, DMRS ports signalling of co-scheduled UE). Given that MU requires more PDCCH resources to support user multiplexing, the control channel capacity constraint should be carefully evaluated.
In light of the scheduler restriction, control overhead and unclear gain of intra-cell interference mitigation, our preference is transparent MU-MIMO within Rel-10 timeline.
3. Conclusions
In this paper we discuss various issues concerning MU transparency in Rel-10. Our preference for Rel-10 timeframe is transparent MU-MIMO. 
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