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1. Introduction

In RAN1 #59 meeting, the definition of transparency between SU-MIMO and MU-MIMO was discussed and it is captured in RAN1 chairman’s note that  “Transparent here means that no downlink signaling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB”. From the definition of transparency in the previous meeting, we may consider Rel-9 dual-layer beamforming as transparent MU-MIMO. In Rel-9, dual-layer beamforming took advantages by employing transparent MU-MIMO mode such as supporting dynamic switching between SU-/MU-MIMO modes and low signaling overhead for MU-MIMO.
In RAN1 #60 meeting, some further details of MU-MIMO support in LTE-A were agreed as follows:

· 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
From the agreements, there seems no need of specification support for more than 4-layer transmission at eNB for MU-MIMO support. Since it is agreed that two CDM groups are used if the transmission rank is higher than 2, further details of resource allocation for MU-MIMO support is remained as open.

Therefore, in this contribution, we discuss on the MU-MIMO transparency support and required control signaling for further progress on MU-MIMO.
2. Transparent vs. non-transparent MU-MIMO
     In RAN1 #59 meeting, it is agreed that the switching between SU-MIMO and MU-MIMO without RRC reconfiguration is allowed so that the downlink transmission could be changed from a subframe to the other which implies that a unified DCI format that supports both SU-MIMO and MU-MIMO transmission will be employed such as DCI format 2B in Rel-9 [1]. The DCI format 2B is used for dual-layer beamforming mode in which SU-MIMO and MU-MIMO transmission could be changed from a subframe to a subframe in a UE perspective without explicit mode indication, thus requiring some sorts of co-channel interference detection procedure at a UE receiver. This type of MU-MIMO is called as transparent MU-MIMO since there is no explicit control signaling to inform a UE of whether the resources granted to the UE are shared with other UEs while the co-channel interference suppression is still possible once fully orthogonal resources are used.
     On the other hand, dynamic switching can be also supported in non-transparent manner which implies that there should be an explicit bit which indicates the transmission mode so that a DCI format can be optimized for both transmission modes. In this case, the control signaling overhead could be larger than that of transparent MU-MIMO.
     In LTE-A, it has been discussed that whether the same resources defined in Rel-9 will be reused for the MU-MIMO transmission in Rel-8 to keep the system simple although up to 8 orthogonal resources are available. Note that 2-orthogonal DM-RS and 2-scrambling sequences are used in dual-layer beamforming mode so that up to rank-2 MU-MIMO transmission only support full orthogonal resources and quasi-orthogonal resources are used if the MU-MIMO transmission rank is higher than 2. Followings are two alternatives discussed above:
· Alt-1: 

· 4 orthogonal DM RS ports and 1 scrambling sequence are defined
· Alt-2:

· 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

    The table 1 discussed pros and cons of two alternatives.
Table 1. Pros and Cons of alternatives
	
	Alt-1
	Alt-2

	Pros
	· Co-channel interference will be much less than Alt-2 as the interferences are suppressed at a UE receiver by exploiting full orthogonal resources if spatial correlation is low. This gain will be reduced as the spatial correlation gets higher.
	· Signalling overhead can be optimized since MU-MIMO specific control signalling will be minimized if unified DCI format is used
· DM-RS overhead will be the same as that for SU-MIMO in a UE perspective since one CDM group is only used regardless of MU-MIMO transmission rank

· Less specification efforts on defining MU-MIMO resources by reusing Rel-9 dual-layer beamforming.

	Cons
	· Unnecessary signalling overhead is expected for SU-MIMO by unifying DCI formats for dynamic switching

· Higher DM-RS overhead is also expected if two CDM groups are used for rank-4 MU-MIMO transmission

· Additional specification effort is needed to define full orthogonal MU-MIMO resources
	· Co-channel interference could be high if resources are shared in scrambling sequence domain so that the MU-MIMO performance will be degraded if spatial correlation is low. This loss will be reduced as the spatial correlation gets higher.


      From the discussion above, there seems to be a trade-off between alternatives such as performance in higher rank MU-MIMO transmission and simpler design with lower signaling overhead. Considering that the MU-MIMO transmission is beneficial under highly correlated channel by separating beams to multiple UEs, it is expected that the performance difference between two alternatives would be negligible. Therefore, if the performance difference is insignificant, Alt-2 seems proper choice for the progress of MU-MIMO issue.
3. Conclusions
In this contribution, we discussed on transparent MU-MIMO in LTE-Advanced. From the discussions, our view can be summarized as follows:
· Transparent MU-MIMO seems adequate in LTE-A considering that 

· Simpler control signaling design

· Smaller DM-RS overhead for MU-MIMO transmission

· Potential negligible performance difference

· Alt-2 (2 orthogonal codes with 2 scrambling codes) is slightly preferred for the supporting of transparent MU-MIMO in condition with that the performance difference is insignificant
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