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1
Introduction
Multiuser MIMO (MU-MIMO) has been considered as a promising enhancement for Release 10, complementing the SU-MIMO advancements of previous releases. It has also attracted attention in the context of the ITU performance evaluation as a promising candidate to meet spectral efficiency requirements. MU-MIMO is particularly effective when dynamic switching between SU/MU-MIMO operations is supported in a UE transparent fashion. 

In contributions to this and previous meetings, the system design of transparent SU/MU-MIMO operation has been discussed in detail [1-6]. The purpose of this contribution is to illustrate that the proposed system design can easily support MU-MIMO transmissions in which some UEs are served with more than one layer or in which more than two UEs are paired together. Such configurations are beneficial in some setups such as cross-polarized antenna configurations, HeNB setups, or fractional traffic load scenarios. We emphasize that no conceptual changes to the system design are necessary and that MU-MIMO can be dimensioned in a UE transparent and semi-static fashion.

2
Support for MU-MIMO dimensioning 
In this contribution, we focus on scenarios in which a UE is served with more than one layer, or in which more than two UEs are paired, i.e., scenarios that go beyond the basic MU-MIMO configuration of serving two UEs with one layer each. The focus of this contribution is on the requirements for feedback and control signaling in support of MU-MIMO dimensioning; we refer to [1-2] for a general discussion on MU-MIMO design.
2.1
Maximum MU-MIMO rank

Going beyond release 9, the UE-RS is designed for up to 8 layers of transmission. Release 8 MU-MIMO operation supports transmission of one layer per user in MU-MIMO mode of operation. It is possible to consider MU-MIMO operation with multiple layer transmission per user. Such operation may be motivated by deployments with cross-polarized antenna configurations, home eNodeB deployments, or lightly loaded systems. 

At this stage, we propose supporting MU-MIMO operation with total transmission rank of up to four in Release 10 air-interface design. This translates into maximum of 4 orthogonally multiplexed UEs.  The sum of ranks for users supportable by orthogonal DM-RS is 4.  Note that it is possible to simultaneously schedule larger number of users or rank in a non-orthogonal manner.
2.2
Feedback design
The design of a suitable feedback mechanism that supports dynamic switching of SU/MU MIMO (and possibly CoMP) transmission techniques in a UE transparent fashion has been discussed extensively. In order to enable a UE transparent operation, feedback consists of (i) channel direction information (CDI) which provides information on the spatial structure of a UE’s channel and (ii) channel quality and rank indication (CQI/RI) that is used, together with the CDI information, for performing UE pairing as well as rank and rate adaptation. In the context of heterogeneous networks, precoded reference signals have been proposed to improve link adaptation in harsh interference conditions [7]. In the context of MU-MIMO dimensioning such methods may also be beneficial, especially in HeNB CSG scenarios. 
CDI feedback

The feedback of CDI provides an eNB with information on the spatial structure of the UE’s channel and enables it to determine favorable precoding matrices that are tailored to serving one or multiple UEs in SU/MU operation. For example, a CDI report may convey the principal eigen-direction of the UE’s channel matrix. In [2] it is discussed that a reconfigurable codebook structure with higher granularity (compared to Release 8) is worthwhile to improve the system performance. Feedback compression and encoding techniques are also important components for reducing the amount of feedback that needs to be provided by the UE. 
Fundamentally, if a UE is to be served with more than one layer, a larger amount of CDI information should be fed back, but no conceptual changes to the system design are necessary as the eNB can perform similar operations to determine the precoding matrices. For example, a set of most dominant eigen-directions of the channel could be fed back as opposed to just the most dominant one. In order to ensure that the amount of CDI information provided by a UE corresponds to the rank with which it will likely be served, the CDI feedback should be configured semi-statically. Specifically, this means that a rank cap is semi-statically set per UE, requiring it to report CDI information that is adequate for being served up to the configured rank cap. The described CDI feedback approach naturally extends to the case of serving more than two UEs using MU-MIMO since UE pairings are completely transparent to the UE.  
CQI/RI feedback

CQI/RI feedback is fundamental for enabling eNBs to determine UE pairings as well as to perform rate and rank adaptation. As discussed in [2], the CQI/RI reporting should be common for both SU/MU-MIMO operation in order to guarantee UE transparency and enable dynamic switching among techniques. 
Considering that a UE does not have information about potentially co-scheduled UEs, CQI/RI reports should be based on the assumption of SU-MIMO and follow the Release 8 design in which CQI/RI reports are obtained based on CDI information. For MU-MIMO operation, eNBs extrapolate the SU-MIMO CQI/RI reports of all UEs and perform UE pairing, link adaptation, and H-ARQ accordingly. We emphasize the importance of dynamic support for SU-MIMO based on the observation that in some practical scenarios MU-MIMO gains may be limited. We do not see value in enabling two concurrent dynamic reports for SU/MU operation, respectively.
Naturally, the CQI/RI reporting will be tailored to the same rank cap that applies to the CDI reporting.  

Optional RQI feedback

A resource quality indication (RQI) mechanism has been proposed in the context of heterogeneous networks to improve link adaptation performance in harsh interference conditions [7]. This approach is based on RQI reference signals (RQI-RS), which are transmitted according to the precoding decisions that will be used in subsequent data transmissions. As a result of the (H)eNBs’ advance commitment to precoding matrices, accurate link adaptation can be performed, which may lead to substantial gains in HeNB CSG deployments and could therefore impact the design of MU-MIMO dimensioning. Performance gains due to RQI-RS have been presented in [8].
It should be stressed that RQI-RS only needs to be configured when harsh interference conditions are encountered. In moderate interference conditions, as typically observed in planned macro deployments, link adaption and H-ARQ are generally sufficient and the additional overhead and latency of RQI-RS can be avoided entirely. 

2.3
Reference signal design
As outlined in previous contributions the UE-RS based demodulation allows for non-codebook based precoding that is instrumental for efficient MU-MIMO operation. The UE-RS structure for Release 10 in RAN1 is agreed to be based on CDM/FDM structure that allows for efficient interference estimation and power balancing in MU-MIMO scenarios. The baseline patterns for normal subframes for up to rank 4 are depicted in Figure 1.
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Figure 1: UE-RS Patterns for up to 4 layer of transmission

We propose a cell-specific UE-RS scrambling sequence initialization. Furthermore, we propose limiting the number of sequence IDs per cell to a limited value, e.g. 2, similar to Release 9.

2.4
Application scenarios
Extending MU-MIMO operation to serving UEs with more than one layer, or pairing more than two UEs can be beneficial in several application scenarios. For example, cross polarized antenna configurations typically lead to a spatial channel structure that favors rank 2 transmissions per UE. Moreover, in deployments with fractional traffic loads, the number of potential UE pairings for MU-MIMO operation may be limited. As a result, serving a UE with multiple layers could be a way of improving the system performance. Finally, in HeNB deployments, channel conditions may allow for serving multiple UEs with more than one layer. The support of such MU-MIMO operation may significantly improve spectral efficiency in such a scenario.  
3
Conclusion

In summary, this contribution has discussed a consistent way of MU-MIMO dimensioning, which naturally extends from the basic operation that has been the focus of related contributions. 

· It is emphasized that no conceptual changes are necessary to allow serving UEs with multiple layers or pairing more than two UEs, and that this operation maintains the benefit of dynamic SU/MU switching and being completely UE transparent.  

· From a practical standpoint, limiting the total rank to no more than four across UEs seems adequate when taking into account practical considerations. 

· Potential applications include setups with cross-polarized antennas, HeNB setups as well as deployments with fractional traffic load. 
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