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1. Introduction

It is agreed that employing dual-layer beam-forming in Rel-9 based on UE-specific precoded DM-RS which is extended from single-layer beam-forming in Rel-8 in RAN #43. Since it can support up to 2 layers, SU-MIMO with precoded DM-RS can be supported and it could give better performance as compared with codebook based SU-MIMO under some specific scenarios since the precoder can be optimized in eNB side with UE transparent manner. In addition to SU-MIMO, it has been discussed as well that MU-MIMO also needs to be supported in Rel-9 to achieve higher system thoughput by expanding work scope of dual-layer beamforming from SU-MIMO to MU-MIMO. Followings can be the issues discussed so far regarding dual-layer beam-forming based MU-MIMO in Rel-9:

· MU-MIMO support in Rel-9 dual-layer beam-forming
· Orthogonal vs. non-orthogonal DM-RS

· Interference cancellation/suppression at UE

· Specification impact minimization
· Power sharing indicator
In this contribution, we discuss further on the listed issues above for MU-MIMO support in Rel-9 dual-layer beam-forming.

2. Discussions
Given that the dual-layer beam-forming work item should be finished within the timeline, we need to check the specification impact when allowing MU-MIMO support with dual-layer beam-forming and the benefit of optimizing MU-MIMO mode with precoded multi-layer DM-RS. 

· MU-MIMO support in Rel-9 dual-layer beam-forming
In Rel-8, SDMA-based MU-MIMO with precoded DM-RS is supported without any interfering channel information so that the performance is relatively low since it is not allowed for a UE to cancel and/or suppress co-channel interference. As a result, the performance is quite limited and dependant on antenna configuration and scheduler. Therefore, enhancing MU-MIMO in Rel-9 to provide robustness and better system performance by allowing interference cancellation and/or suppression at UE side would be beneficial as far as the specification impact is reasonable.
· Orthogonal vs. non-orthogonal DM-RS

For supporting single-user dual-layer beam-forming, orthogonal DM-RS is already agreed for better supporting rank-2 transmission. Therefore, exploiting already designed orthogonal DM-RS for MU-MIMO if supported seems to be quite natural if performance gain can be obtained.

To improve the MU-MIMO performance, it has been discussed that co-channel interference should be cancelled and/or suppressed to increase SINR at UE side. Hence, orthogonal DM-RS seems necessary to allow interfering channel estimation for better performance.
· Interference cancellation/suppression at UE

As discussed before, the performance of the SDMA-based MU-MIMO in Rel-8 is limited to certain level since its co-channel interference couldn’t be canceled and/or suppressed in UE side. To allow interference cancellation, scheduling information such as MCS, channel and rank used for other co-scheduled UE in the same PRB should be shared, thereby resulting in excessive signaling overhead. In addition, if co-scheduling UE is not the same for allocated PRBs, the overhead will be even more serious. Therefore, interference suppression seems appropriate to consider as an enhancement scheme for Rel-9 MU-MIMO since it only requires interfering channel information. The interfering channel can be estimated by using orthogonal DM-RS if a UE knows the DM-RS index associated with transport block demodulation and existence of interfering UE. Therefore, interference suppression should be supported in Rel-9 dual-layer MU-MIMO and its relevant control information such as a DM-RS index intended to a UE and existence of co-scheduling UE is needed. However, whether the control information is explicitly informed to a UE needs to be further discussed to take specification impact into account.

· Specification impact minimization
Considering timeline for dual-layer beam-forming, the specification impact also needs to be taken into account. To allow interference suppression, a DM-RS index intended to itself and co-scheduling indicator need to be informed to a UE. However, the co-scheduling indicator may result in significant signaling overhead if it is needed in each scheduled PRB explicitly in order to avoid scheduling restriction. Given this situation, the CDM-based DM-RS can be a good solution which let a UE detect co-channel interference with orthogonal DM-RS by using energy detection in each scheduled PRB and the UE can suppress the interfering signal in each scheduled PRBs if interfering UE is existed. Therefore, a DM-RS indicator with CDM-based orthogonal DM-RS can minimize the specification impact for supporting MU-MIMO. If the same approach is also used for SU-MIMO rank-1 support, the unified PDCCH can be used for both SU-MIMO and MU-MIMO.

· Power sharing indicator
In Rel-8, since the CRS is cell specific power sharing information is needed for demodulation when QAM-based modulation is used. However, if UE-specific RS is used the power sharing information can be implicitly included in the RS considering UE-specific RS is not shared with other UEs. In this case, UE assumes the power level between data RE and UE-specific RS is the same. Only the issue can be whether DM-RS boosting is needed to enhance channel estimation performance, this issue also need to be discussed for single user MIMO. Therefore, it is preferable not to specify power sharing indication for MU-MIMO support.
3. Conclusion
In this contribution, we discussed on MU-MIMO related issues for Rel-9 dual layer beam-forming. From the discussions, we can conclude as follows:
· If specification impact is marginal, it would be beneficial to enhance Rel-8 MU-MIMO performance with dual-layer beam-forming by allowing co-channel interference cancellation or suppression at UE.
· Orthogonal DM-RS needs to be employed for MU-MIMO support for a UE to estimate channel of interfering UE and suppresses the interference. 
· A DM-RS index indication with CDM-based orthogonal DM-RS seems to be appropriate to minimize the specification impact while enhancing MU-MIMO performance.
· Power scaling indication is not needed for MU-MIMO support since the DM-RS can include the information implicitly.
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