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1. Introduction
The following observations were made in RAN1#59 - 
From the set of contributions, following observations (non exhaustive list) can be made

· No clear preference for transparent or non-transparent MU-MIMO at this stage. 

· If MU-MIMO were to be non-transparent, strongest possibilities to consider for downlink signalling include:

· whether / which DM-RS ports are used for other UEs

· power offset

Study further whether non-transparency is beneficial, and if so, what signalling would be useful.
The issue of transparency for MU-MIMO operation is also related to the DM-RS decision for supporting 1-4 layer MU-MIMO. In this contribution we assume the following definition of transparent operation -

Definition 

Transparent – DL control information necessary for demodulation at the UE – this includes port # and the identity of the applicable DMRS sequence (if more than 1 sequence is supported)


Non-transparent - More information compared to the other case – potentially (i) UE RS density if 4 orthogonal ports with CDM+FDM is assumed (ii) port number(s) and sequence numbers of co-scheduled UE(s).
2. Discussion – Transparent vs Non-transparent MU-MIMO  

· Receiver interference suppression: The claimed benefit of non-transparent MU-MIMO is to improve intra-cell interference suppression at the UE. It should be noted that even with transparent MU-MIMO intra-cell interference can be suppressed to some extent – it will be treated in the same manner as inter-cell interference and can be used for interference suppression with linear receivers. If UE RS density is fixed to 12RE/PRB for 1-4 layer MU-MIMO (as with Rel-9 or with 4 orthogonal ports with OCC length of 4) then the complete intra-cell interference can be captured (clubbed together with inter-cell interference). The extra benefit of non-transparent MU-MIMO then depends heavily on the quality of channel estimation that can be performed for estimating the intra-cell interference. The goal of an eNB scheduler is to design transmit weights in a manner such that the intra-cell interference power is minimized (besides the transmit power being cut down by a factor of 2-4) - this makes it harder for an UE to estimate per-subcarrier interference accurately. Therefore the extra benefit of knowing the interference ports is questionable. This extra benefit is also difficult to measure since typically link simulations do not model realistic user-pairing and system simulations do not model realistic channel estimation.
· Data puncturing : The issue of data puncturing occurs if 4 orthogonal ports with CDM+FDM is assumed to support MU-MIMO in a transparent manner. In this case the data of 2 UEs assigned CDM group-1 may be punctured by the RS of CDM group-2. This may lead to some degradation of performance and further investigation is needed to judge whether a UE RS density indication is needed in such a case [1]. 
· Scheduler flexibility : The performance improvement of MU-MIMO depends critically on the ability of a scheduler to pair varying number of users in different sub-bands. In non-transparent MU-MIMO operation, however, the scheduler will be constrained to match the allocation of MU-MIMO users so that a common signaling indicating DMRS density or port numbers of co-scheduled UEs is possible. This constraint with non-full buffer traffic will pose a significant challenge to the scheduler for resource allocation for first transmissions as well as retransmissions. In reality the MU-MIMO gains may be significantly reduced as a result. Therefore we strongly support retaining scheduler flexibility for MU-MIMO resource allocation in a manner similar to TM8.       
3. Simulations
 As observed above simulation results can only provide a rough estimate of the benefit of non-transparent MU-MIMO operation. Simulation results assuming ideal channel and interference estimation and assuming pairing of 2 UEs (orthogonal ports) is studied in [2]. The simulation results show that the accuracy of channel information that can be estimated at the eNodeB and the receiver type impacts the performance of transparent MU-MIMO. Specifically with accurate CSI at the eNodeB or with interference-rejection capable receivers there is little loss with transparent MU-MIMO.
4. Conclusions 
In this contribution we studied several aspects with respect to transparent MU-MIMO operation -
· If DM RS ports/scrambling sequences for MU-MIMO is chosen such that UE RS density is fixed at 12 RE/PRB for 1-4 layer of MU-MIMO, a transparent MU-MIMO operation is observed to have significant benefits in terms of scheduler flexibility with small throughput loss under idealistic simulations. Therefore a fixed DM RS density for MU-MIMO in conjunction with a transparent operation is preferable.
· If 4 orthogonal ports (FDM+CDM) are chosen for MU-MIMO operation, further studies may be needed to enable MU-MIMO scheduling flexibility as well as performance (considering signaling UE RS density vs co-scheduled ports).
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