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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. However, it should be further investigated whether this type of MU-MIMO is appropriate for LTE-Advanced as well since the maximum transmission rank and associated DM-RS structure is different.
Therefore, in this contribution, we discuss on further details of transparent MU-MIMO in LTE-Advanced from performance and control signaling overhead aspect. 

2. Transparent vs. Non-transparent in LTE-A
     Since full orthogonal DM-RS is supported in Rel-9 dual-layer beamforming, transparent MU-MIMO support seemed natural. The full orthogonal DM-RS allows a UE mitigating co-channel interference without control information of co-scheduled UE since a UE may detect co-channel interference and estimate the effective channel from the orthogonal RS. However, the DM-RS structure in LTE-A is different from Rel-9 since the full orthogonal DM-RS is not supported in higher transmission rank case. As agreed, at least two CDM groups are used if transmission rank is higher than 2. Therefore, additional control signaling may be needed for better support of MU-MIMO. The table 1 discusses pros and cons of transparent and non-transparent MU-MIMO.

Table 1. Pros and Cons of transparent and non-transparent MU-MIMO
	
	Transparent MU-MIMO
	Non-transparent MU-MIMO

	Pros
	· Dual-layer beamforming can be simply extended for higher transmission rank case so that less specification effort is needed.
· A single DCI format is used irrespective of the transmission mode.
	· MU-MIMO performance can be optimized if additional control information is allowed
· Dynamic SU-/MU-MIMO switching is still possible if a unified DCI format is used.

	Cons
	· MU-MIMO performance is not guaranteed in higher transmission rank cases since it is not possible to mitigate co-channel interference at a UE receiver.
	· Separate DCI format for SU-MIMO and MU-MIMO may be needed if a unified DCI format is not employed.
· Unnecessary signalling overhead is existed for SU-MIMO if a unified DCI format is used.


To guarantee the MU-MIMO performance even for higher transmission rank, followings are potential candidates of additional control information in case that non-transparent MU-MIMO is supported in LTE-A.
· Layer indicator: as used in Rel-9 dual-layer beamforming rank-1 transmission, layer indication is needed to inform the used reference signal for a specific UE.

· Reference rank: to minimize CQI mismatch, reference rank information may be needed so that a UE estimate CQI based on the reference rank
· Transmitted rank at eNB: as agreed in DM-RS design for higher order MIMO, 12RE used up to a specific rank 2 and 24RE can be used for higher rank which implies that 2 CDM groups will  be used, thus requiring transmitted rank or RE nulling indication in order to support orthogonal DM-RS even when the larger number of UE are co-scheduled.
Supporting of dynamic switching between SU-/MU-MIMO mode is quite attractive considering the real network traffic characteristic and the loss from long-term mode adaptation duration. Therefore, a unified DCI format is desired although non-transparent MU-MIMO is employed. In this case, additional MU-MIMO related control information overhead should be minimized. 

Observation: it seems that pure transparent MU-MIMO is not appropriated for LTE-Advanced since it cannot support higher transmission rank properly. Therefore, non-transparent MU-MIMO seems to be adequate in LTE-Advanced with a unified DCI format for the supporting of dynamic switching.

3. Conclusions
In this contribution, we discussed on transparent MU-MIMO in LTE-Advanced. From the discussions, our view can be summarized as follows:
· Non-transparent MU-MIMO seems adequate in LTE-Advanced considering the MU-MIMO performance in higher transmission rank.

· Layer indicator, reference rank and transmitted rank seem to be needed additionally for non-transparent MU-MIMO support.

· A unified DCI format support is desirable for the supporting of dynamic switching between SU-/MU-MIMO mode.
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