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1. Introduction
The topic of MU-MIMO dimensioning is closely related to the discussion on switching between SU and MU-MIMO as well as the issue of transparent verses non-transparent support of MU-MIMO. The observations made on these topics in 3GPP R1#59 are provided for reference:

Conclusion on switching - 

· Switching between SU- and MU-MIMO transmission is possible without RRC reconfiguration

Observations on transparent operation – 

· No clear preference for transparent or non-transparent MU-MIMO at this stage 

· If MU-MIMO were to be non-transparent, strongest possibilities to consider for downlink signaling include:

· whether / which DM-RS ports are used for other UEs

· power offset   
2. Limitation on the rank of a MU-MIMO UE
It has been pointed out in several contributions that rank-1 or at the maximum rank-2 transmission for a MU-MIMO UE can provide most of the achievable gains. While we do not disagree with this observation it is not clear whether it is necessary to provide a restriction on the rank of a MU-MIMO UE in the specifications. Implicitly a restriction will be imposed by the total number of layers allowed for MU-MIMO. Individual scheduler implementations may consider further restrictions. Therefore at this stage we do not see the motivation to state a restriction on the rank of a MU-MIMO UE.
3. Limitation on the total number of UEs for MU-MIMO
As mentioned in [1] it is desirable to support a transparent MU-MIMO operation. Considering a transparent MU-MIMO operation a limitation on the total number of UEs for MU-MIMO will be imposed by the number of orthogonal DMRS patterns, resource allocation overhead, HARQ overhead etc. Considering the baseline assumption on DMRS for rank 1-4 it is clear that up to 4 orthogonally multiplexed UEs can be supported for MU-MIMO. It has also been pointed out in [2] that MU-MIMO transmission to 4 UEs can potentially provide throughput benefits. We validate this observation in the next section. In this case as well, we do not see the need to explicitly specify a limitation on the number of UEs that can be orthogonally multiplexed.

4. Simulation Results 
In this section system results are given comparing two different limitations on the MU-MIMO operation (2 and 4 UE limitations) in a 10 MHz LTE-A downlink using the parameters shown in Table 2.  The eNodeB has 4 or 8 transmit antennas (either a ULA with (/2 spacing or an array of cross-polarized antennas with 2( separation for 4 Tx and 0.5 ( separation for 8 Tx) and the UE has 2 Rx antennas.  The SCM-E channel model (urban macro with 15 degree angular spread) is used with a mobile speed of 3 kph.  For these results the wideband covariance matrix is fed back along with a C/I estimate to be able to perform link adaptation at the base.  The UE uses MMSE combining to suppress crosstalk (i.e., non-transparent MU-MIMO is assumed) and no channel estimation is performed on downlink.  A narrowband allocation of 6 RBs is simulated for the downlink transmission (a RB is 12 subcarriers by 7 OFDM symbols) but the feedback is calculated on a wideband of 600 subcarriers.  10 UEs feed back a covariance matrix and all UEs are available to be paired and scheduled for each frame.  The feedback is updated and sent every 5 msec with a delay of 5 msec between where the feedback is calculated and the first beamformed downlink.  The results use determined with actual beamformed interference from other cells (using a 43 cell system).
Table 1 shows the throughput gain for enabling the scheduling of up to 4 MU-MIMO UEs on the same resource over limiting the scheduling to 2 MU-MIMO UEs.  Depending on the number of transmit antennas and the array type, a 13% to 27% average system-level gain is seen when enabling the scheduling of 4 MU-MIMO UEs.
Table 1. Throughput gain of allowing 4 MU-MIMO UEs over limiting to 2 MU-MIMO UEs

	Array type
	Gain

	4 Tx, ULA
	15%

	4 Tx, cross-polarized
	13%

	8 Tx, ULA
	27%

	8 Tx, cross-polarized
	24%


5. Conclusions 
In this contribution we reviewed the topic of MU-MIMO dimensioning, stating that we support a transparent MU-MIMO operation and observe that:
· The control channel overhead and DMRS patterns will implicitly restrict MU-MIMO dimensioning

· There is no need to specify a restriction on the rank of a MU-MIMO UE. If necessary for future design, an assumption of rank-2 is acceptable.
· It is not necessary to specify a limitation on the number of UEs that can be orthogonally multiplexed. If necessary for future design an assumption of 4 UEs is acceptable.
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APPENDIX
Table 2: Simulation Assumptions

	Reuse
	131

	Scenario 
	Case 1 (2D antenna pattern)

	Channel Model
	SCM-E Urban Macro 150

	BW
	10 MHz

	UE Speed 
	3 kph

	Antenna Configuration
	4 or 8Tx (either ULA or cross-polarized), 2Rx cross polarized (0.5λ separation)

	Chanel Estimation 
	Ideal

	# of Control Symbols
	3

	CQI feedback
	Wideband covariance matrix (unquantized), 5ms delay

	Scheduler
	PF, FSS

	HARQ
	Chase, 4 re-transmissions max


2
1

