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1 Introduction
In RAN1#59, the need for non-transparent MU-MIMO signalling was discussed. The scope of this issue has been limited to downlink control signalling. The definition of “Transparent” was clarified to mean 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” [1].
The observations captured in the RAN1 chairman’s note state that:

· 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.

In this contribution, we present our views on the issue of MU-MIMO transparency.
2 Discussions on MU-MIMO Transparency
2.1 Definition of MU-MIMO Transparency

There seems to be a lack of common understanding among companies in RAN1#59 on the definition of MU-MIMO transparency. The definition of MU-MIMO transparency was clarified to mean 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 our understanding, a downlink signalling scheme for MU-MIMO is considered transparent if the UE is only notified of the information necessary to demodulate its own PDSCH but the UE can not assume there is no other UE sharing the same resources. Examples for transparent MU-MIMO signalling include DM RS port indication for its own channel estimation and power offset signalling for rank>1 or QAM demodulation [2][3], etc. For non-transparent MU-MIMO, the UE is also explicitly notified of the information that allows the UE to suppress/cancel multiuser interference, but not strictly necessary for the demodulation of its own PDSCH. Examples for non-transparent MU-MIMO signalling include the DM RS port and the modulations associated with co-scheduled UEs.
2.2 Benefit of non-transparent MU-MIMO

The benefit of non-transparent MU-MIMO has been illustrated in our past contribution [4]. We showed that significant performance gain in BLER can be achieved with a simple “partial-MLD receiver” if the DM RS port and the modulation of the dominant interfering UE are also signalled. The benefit of non-transparent MU-MIMO has also been recognised in other contributions, e.g. [5]
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In our view, non-transparent MU-MIMO can serve as a good complement to transparent MU-MIMO. The gain from transparent MU-MIMO relies on the availability of accurate CSI at the eNB so that good spatial separation of the paired UEs can be achieved with transmit beamforming. However, the knowledge of very accurate CSI at the eNB is almost certainly impossible, and the reasons include:

1. Limited feedback bits or limited uplink resources for feedback; 
2. Insufficient feedback granularity in frequency domain;

3. Delayed feedback, long measurement/feedback period or high UE speed can render the feedback information obsolete.
The imperfect CSI means that substantial residual multiuser interference will always exist at the receiver. It is the bottleneck in feedback that leads us to look towards MU beamforming strategy that relies on long term spatial correlation of the channel though the MU interference can be significant. Although meaningful MU-MIMO gains in system throughput have been demonstrated with the imperfect CSI and transparent MU-MIMO signalling in Rel-9, non-transparent MU-MIMO signalling can still be valuable in terms of enhancing the performances of individual UEs and deserves serious consideration in Rel-10.

In our view, both transparent and non-transparent MU-MIMO can be specified for Rel-10, i.e. there may not be necessary to choose only one or the other to be standardised. The details of design require further discussions.
2.3 Downlink signalling requirement
Non-transparent MU-MIMO incurs extra downlink signalling overhead but depending on the desired level of non-transparency and the acceptable restriction on the scheduler, it is still feasible to design the downlink signalling with an acceptable overhead. At present, we think that the following forward signalling can be considered for non-transparent MU-MIMO:
· The DM RS port associated with the dominant interfering signal;
· The modulation scheme associated with the dominant interfering signal.
The information above amounts to a few bits in the PDCCH, e.g. assuming single layer transmission, 4 bits are required for 4 TX antennas (2 bits for the DM RS port index indication and 2 bits for the modulation scheme indication). By providing just a few bits to the UE, the UE can have at its disposal all the information about the interference signals. In case of transparent MU-MIMO, where this information about the interfering signal is not available, more CSI feedback bits would be needed for all the MU-MIMO UEs to achieve the same level of performance.
The scheduler’s restriction has been highlighted as the major drawback for supporting non-transparent MU-MIMO [7]. This is due to the assumption that the signalling of information related to the interfering UEs such as their DM RS ports should be applicable for the entire assigned PRBs. It is deemed too restrictive that the RB set assigned to a pair of UEs have to be aligned in order to maintain low signalling overhead. We note that in actual fact, what is required for low signalling overhead is that the signalling of information related to the interfering signals are consistent for the entire shared RB set, but the interfering signals can belong to different UEs for different and non-overlapping subset of RBs. While this still represents a restriction to the scheduler, the restriction is much less severe.

3 Conclusions
In this contribution, we present our views on MU-MIMO transparency. Our views or proposals can be summarised as follows: 
· Both transparent MU-MIMO and non-transparent MU-MIMO can be specified in Rel-10.
· Non-transparent MU-MIMO should be considered for advanced UE classes that have advanced interference suppression or cancellation capability.
· The forward signalling that should be considered for non-transparent MU-MIMO are:

· The DM RS port associated with the dominant interfering signal
· The modulation scheme associated with the dominant interfering signal
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