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1. Introduction

In RAN1 #59bis meeting, the MU-MIMO dimensioning issue was discussed and followings were agreed as a progress.

For the design of downlink signalling and DM RS, 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 DM RS ports

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

Note: Two alternatives are to be studied:

· 4 orthogonal DM RS ports and 1 scrambling sequence are defined

· 2 orthogonal DM RS 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 TM8 will remain specified in Rel-10. 

As agreed, the LTE-A specification should support up to 4 UEs for MU-MIMO scheduling although it is not the actual limitation of MU-MIMO which implies that the specification will be optimized for co-scheduling up to 4 UEs in a time/frequency resource. However, it is still remained as open that how to allocate orthogonal resources for better supporting of MU-MIMO.
Therefore, we discuss on the orthogonal resource allocation of DM-RS for further progress on MU-MIMO mode in LTE-A.

2. Resource allocation for MU-MIMO
     In Rel-9 dual-layer beamforming mode, it is agreed to support up to 4 UEs with 2 orthogonal RS and 2 quasi-orthogonal RS (i.e., scrambling code) while supporting dynamic switching between SU-/MU-MIMO. Since the orthogonal DM-RS is only supported up to 2 layers in Rel-9, it deemed necessary to employ additional quasi-orthogonal RS to support more than 2 UEs co-scheduling.

     In LTE-Advanced, it is decided that up to 4 UE co-scheduling for MU-MIMO operation will be supported from specification viewpoint. Therefore, the only issue here is that how to support orthogonal resources for MU-MIMO operation in Rel-10. Two alternatives can be considered as noted in RAN1 #59bis chairman’s note:

· Alt-1: full orthogonal DM-RS supports for co-scheduling up to 4 UEs since the Rel-10 DM-RS is capable to support 4 orthogonal resources already.

· Alt-2: reuse same resources used in transmission mode 8 of Rel-9 since it can support 4 co-scheduling UEs although the beams are fully separated by orthogonal DM-RS. 

    The use of quasi-orthogonal resources on top of the orthogonal resources is due to the fact that there were limited orthogonal resources defined in the release 9. Therefore, it seems hard to justify the use of quasi-orthogonal resources under the assumption that LTE-A specification already supports enough orthogonal resources for co-scheduling up to 4 UEs as far as the control signaling overhead is the same and/or no additional transmission mode is needed to define since the orthogonal resource gives more chance to suppress co-channel interference at the receiver if the beams are not sufficiently separated at the transmitter. Note that the co-channel interferences are usually existed even with ZF-beamforming considering all the implementation impairments. Hence, if possible, it would be good to support full orthogonal DM-RS so that additional interference mitigation should be allowed at a UE receiver. The additional use of quasi-orthogonal resources can be also considered if the benefit is shown.
3. Summary
In this contribution, we discussed on the resource allocation for MU-MIMO operation in LTE-Advanced. From the discussions, we may conclude as follows:

· Since Rel-10 already supports more than 2 orthogonal resources, it seems reasonable to exploit the orthogonal resources for MU-MIMO operation for better support of MU-MIMO.[image: image1.png]




































































































































