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1. Introduction
As an important enhancement approach for LTE system, MU-MIMO has attracted significant attention and has been discussed intensively throughout the contributions proposed by several companies [1-4]. Single cell MU-MIMO would be beneficial for the scenarios with high load, if only rank1 transmission is supported for each of the co-scheduled UEs. However, as up to 8 layers will be supported in LTE-A, the overall system performance would still benefit from the increased number of enabled layers per scheduled UE, especially in the cases when the number of active UEs with high geometries is relatively small [5]. Therefore, the performances of MU-MIMO with different dimensions need to be verified. Furthermore, the corresponding signaling overhead and the impacts on specification and legacy system should be taken into account. 

Based on the discussion and initial performance evaluation results, the following agreements were reached in RAN1 #59bis: 
For the design of downlink signalling and DMRS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· Not more than 2 layers per UE with 2 orthogonal DMRS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 

Note: Two alternatives are to be studied:

· Alt1:4 orthogonal DMRS ports and 1 scrambling sequence are defined

· Alt2:2 orthogonal DMRS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one?).

· Note that in any case Transmission Mode 8 will remain specified in Rel-10. 

In this contribution we present our views on orthogonal DMRS port and scrambling sequence based MU-MIMO operation in LTE-A.
2. Discussion
2.1. MU-MIMO in LTE Rel-9

In Rel-9, MU-MIMO can be implemented based on SU-MIMO with additional control signaling, such as DM-RS port indication. Furthermore, in order to support more UEs or higher-order MU-MIMO, two UE-specific reference signal scrambling sequence initialization ID are introduced for each cell in LTE Rel-9. Depending on configuration of the scrambling ID, up to four rank 1 UEs or two rank 2 UEs can be co-scheduled in MU-MIMO transmissions. Being aware of the allocation of its own DM-RS port and DM-RS scrambling initialization ID, the desired layer(s) can be detected regardless the existence of co-scheduled UE.
Since multi-port DM-RS based transmission is also supported in LTE-A, the similar mechanisms designed for dual-layer beamforming are still applicable for LTE-A. 

2.2. Application scenarios of MU-MIMO
With MU-MIMO, several UEs can be scheduled on the same resources. Therefore the system may benefit from multi-user diversity and/or spatial multiplexing gain. As has been discussed in many contributions, it’s suitable to multiplex multiple UEs over the correlated channel dimensions in MU-MIMO transmission. The remaining uncorrelated channel dimensions, if any, may be utilized through allocating multiple layers to each UE. The scenario with very high geometry, cross-polarized eNB antenna array and light system load might be the only motivation of introducing multiple layer transmission per UE in MU-MIMO operation. MU-MIMO transmission with single layer per UE, on the other hand, would be beneficial for the deployment with high system load and also high geometry. 

MU-MIMO shows attractive gain in spectrum efficiency for up to four layers DL transmission [6]. However, the higher order MU-MIMO favored scenarios might exist rarely in practical deployments. Actually the higher order MU-MIMO with maximum DL rank of four is already supported by LTE Rel-9. The only benefit of achieving the same functionality based on four orthogonal DMRS ports might come from the possible enhancement in DMRS estimation. The interference level among co-scheduled UEs relies on the channel condition and scheduling algorithm. Usually only the UEs with high geometries and negligible coupling can be co-scheduled in MU-MIMO transmissions. In the other word, the spatial isolation characters and selected scheduling metric are definitive for the performance of MU-MIMO. Therefore, in most cases the influences of overlapped non-orthogonal DMRS ports on the performance of channel estimation and also demodulation are acceptable. That’s why a DMRS scrambling ID is introduced on top of a pair of orthogonal DMRS ports in LTE Rel-9.
2.3. Control signaling for DL MIMO

The impact of MU-MIMO dimensioning on signaling overhead should also be considered in Rel-10. If Alt2 is specified in Rel-10, the control signaling can be simply extended from DCI 2B with newly defined rank indication bits. However, in order to introduce further degree of freedom in the MU-MIMO dimensioning, information regarding DMRS port allocation, DMRS pattern or total DL rank and power offset is needed for Alt1. 
In [1] the control signaling for DMRS port indication and DMRS pattern (12/24 RE per PRB pair) is presented. With the knowledge of its own DMRS port assignment and the overall DMRS pattern, the UE in MU-MIMO transmission can estimate the covariance matrix of co-channel interference plus noise and then detect its desired layer(s). As CDM/FDM based DMRS pattern is used for rank 3-8 transmissions, the UE cannot assume that the ratio of PDSCH data in each layer to the corresponding DMRS port for each OFDM symbol is equal. Therefore the power ratio in each DMRS CDM group is required for DL demodulation.  If the total DL rank is available in addition to the DMRS port assignment in DCI, the UE will be able to deduce the power offset for each DMRS CDM group and also the overall allocation of DMRS ports in the DL. Furthermore, the UE can estimate the interfering channel of all the co-scheduled UEs. Thus, MMSE or ZF receiver can be supported at UE side.
Considering the dynamic nature of practical traffic and channel state, aligning the resources for all the co-scheduled UE may greatly constrain the flexibility in scheduling and hence degrade the system performance. However, in the case when not all the resources are aligned, it’s questionable about how to inform the overall DMRS port allocations/patterns for each RBG with constrained PDCCH capability.    
2.4. Impact of MU-MIMO operation on legacy Rel-9 UEs
As Transmission Mode 8 will remain specified in Rel-10, the operation with co-scheduled Rel-9 and Rel-10 UE should be considered in the specification. For CDM based DMRS multiplexing in Rel-9, the DMRS EPRE is equal to that of the total power in data REs. If 4 orthogonal DMRS ports are to be specified for MU-MIMO in Rel-10, the DMRS ports for Rel-9 and Rel-10 UEs might be multiplexed by CDM/FDM. Without the power offset indication, the power ratio between each DMRS port and corresponding data stream of Rel-9 UE has to be set to 1.  In such cases, the DMRS channel estimation performance suffers from limited DMRS power.
3. Conclusions
Higher order MU-MIMO based on 2 orthogonal DMRS ports and 2 DMRS scrambling sequences is already efficiently supported in LTE Rel-9. Since multi-port DM-RS based transmission is also supported in LTE-A, the similar mechanisms designed for dual-layer beamforming are still applicable for LTE-A. The limited performance gain that might be provided by MU-MIMO operation with 4 orthogonal DMRS ports and rarely existing higher order MU-MIMO favored deployment scenarios cannot justify the necessity of introducing further degree of freedom in MU-MIMO dimensioning. Furthermore, the increased control signaling overhead and the impact on legacy Rel-9 UEs should also been taken into account, if Alt1 is to be specified. 
Based on the discussion above, we propose to re-use the mechanism defined in Rel-9 and support the MU-MIMO operation with 2 orthogonal DMRS ports and 2 scrambling sequences in LTE-A.

4. References

[1] R1-100682, “Transparent vs. non-transparent MU-MIMO operation”, Qualcomm Inc
[2] R1-100049, “On MU-MIMO dimensioning and the relation to Rel-9”, Ericsson, ST-EricssonR1-1003
[3] R1-100327, “On the multi-layer multi-user transmission in LTE-Advanced”, Nokia, Nokia Siemens Networks
[4] R1-094441, “On transparent and non-transparent MU-MIMO”, Ericsson. ST-Ericsson 
[5] R1-092346, “Enhancements to MU-MIMO for LTE-A”, Philips

[6] R1-100250, “MU MIMO dimensioning”, Huawei
