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1 Introduction

Discussion on Single user (SU) Dual layer beamforming (DL-BF) continues as an important part of Rel-9. Furthermore, Multiuser (MU) DL-BF is considered as a possible enhancement of SU DL-BF. 
In this contribution, we first discuss different definitions of MU mode transparency, namely “transparent as RRC”, “transparent as signalling” and “transparent as UE”, and list possible impact on spec for each of them. Then, we compare transparent/non-transparent MU (defined as “transparent as UE”). 

2 Definition of Transparency and Impact on Spec

In this section, we discuss different definitions of MU mode transparency and describe the relationship between them.

As discussed on RAN1 reflector, MU DL-BF refers to the case that one layer is intended to one UE, while the other layer is intended to another UE. In MU DL-BF, an important issue is the design of demodulation (DM) RS on two layers. 
For SU DL-BF, the DMRS on two layers have been agreed to be orthogonal to each other. If we consider that MU DL-BF is an extension of SU DL-BF (except that the each layer is intended to different UE), it is straightforward to assume that the DMRS for the two UEs are orthogonal. The case of non-orthogonal DMRS among assigned UEs is discussed in section 3.
If DMRS are inter-layer-orthogonal, the UE would need to know which layer is intended to itself, otherwise it can not demodulate/decode correctly. If UE knows that one layer is intended to itself while the other layer is not, clearly UE knows that itself is in MU mode. Therefore, orthogonal DMRS means that “MU non-transparent as UE”. As the way to inform UE its intended layer (and inform that itself is in MU mode), implicit signaling and explicit signaling can be considered.
Implicit signalling of MU operation

The first one is implicit signalling, namely that the UE can detect MU mode based on the power difference between DMRS on the two layers. In this way, no control signalling (neither PHY layer nor RRC/MAC layer) needs to be defined. The stronger layer is the intended layer. Moreover, there is one DCI format for both SU and MU mode. However, there are still two issues that need to be clarified:

i) The reliability of detecting MU mode based on DMRS power needs to be carefully examined. MU mode detection error would cause much performance loss; hence the error rate should be sufficiently small. A RAN4 test would be still needed. The mis-detection of the layer also have similar problem.
ii) Although there is no need of control signalling to inform UE its intended layer, implicit signalling does not mandate a RAN1 spec-transparent MU. For example, a MU-specific PDSCH format would be necessary. Such MU-specific PDSCH format would improve the reliability detection of MU mode and the detection of layer, in spite of increased UE complexity. MU-specific PDSCH format may superimpose data on DMRS of the other UE.
Explicit signalling of MU operation
In contrast to implicit signalling, the intended layer can also be informed by explicit signalling, i.e., “MU non-transparent as signalling”. The control signalling can be a higher layer signalling (RRC) or layer 1 signalling (PDCCH). 
a) Explicit signalling of MU operation by PDCCH. The layer is informed by PDCCH.

If MU mode and intended layer is signalled by PDCCH, then, one DCI format for both Rel-9 SU and MU mode (two bits in PDCCH to configure MU and intended layer) is specified. In this option, it is possible to dynamically switch between SU and MU mode. Its con is the overhead in PDCCH. Meanwhile, the exact benefit of dynamic switching has not been carefully studied in our opinion.

b) Explicit signalling of MU operation by RRC. The layer is informed by PDCCH.
In this option, MU mode is signalled by RRC (non-transparent as RRC). Two DCI formats for Rel-9 SU and MU mode would be specified separately. This option does not allow dynamic switching between SU and MU.
c) Explicit signalling of MU operation and the layer by RRC.

In this option, MU mode and the layer is signalled by RRC. We think the layer is at least necessary to be informed dynamically. Therefore, we don't seek further discussions.
3. Transparent/Non-transparent MU Comparison
In this section, we further compare transparent and non-parent as UE.

If one considers Rel-9 MU DL-BF using the same technique as Rel-8 antenna port 5, the DMRS for the two UEs would be non-orthogonal. Actually, the DMRSs will use the same time-frequency resources, assuming that they are well separated in spatial domain. This is ensured by the scheduler.
In this way, the MU-MIMO has no impact on spec, i.e., non-orthogonal DMRS implies transparent MU mode. Compared with non-orthogonal DMRS, the main advantage of orthogonal DMRS is less interference between DMRS due to the orthogonality at the transmitter side. In addition, orthogonal DMRS allows to implement receiver beamforming in order to suppress inter-UE-interference better. 

The con of non-orthogonal DMRS is the interference between layers.  The pro of non-orthogonal DMRS is  better channel interpolation granularity and/or better noise averaging. In this case, we assume that 12 REs/RB for single layer transmission is necessary. However, an empirical impression is that 6REs/RB/layer is typically fine for correct channel estimation. Therefore, better interpolation granularity (from 6REs to 12 REs) seems only leads to marginal gain. Moreover, averaging channel estimation (with less granularity) can better reduce noise level, but if interference presence, the benefit of noise reduction may not be significant. Therefore, we consider inter-UE-interference aspect maybe more important than interpolation granularity (or noise averaging) aspects. This argument is also verified by the system level simulation result by CATT [1] and Huawei [2], where orthogonal DMRS shows about 10% performance gains over non-orthogonal DMRS.
3 Conclusions

Based on the above discussion, we propose to consider orthogonal DMRS as the baseline of Rel-9 MU DL-BF. Within orthogonal DMRS, either implicit signalling or RRC signalling or PDCCH signalling can be FFS, since each of them has different pros and cons.
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