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1. Introduction
Downlink high-order MIMO has been discussed in many contributions as an important technology evolution to increase downlink system capacity in LTE-A. As a technology supported in LTE Rel-8, MU-MIMO provides higher spectral efficiency than SU-MIMO and is an effective measure to meet the spectral efficiency requirements in LTE-Advanced. In RAN1#58bis, MU-MIMO is discussed and some observations were made as follows:

· Dynamic vs. non-dynamic SU-MU switching

· Transparent vs. non-transparent MU-MIMO

· If non-transparent, what DL signaling is to be provided to the UE

· antenna port indications

· other…

· Feedback (CSI) enhancement for MU-MIMO

· enhancements to feedback codebooks

· other…

· Number of layers per MU-MIMO UE

· 1, 2, …

· Number of supported co-scheduled MU-MIMO UEs

· 4, 8, unspecified…
In this paper, we provide some considerations on MU-MIMO dimensioning based on simulation results. 
2. Discussion
2.1. MU-MIMO with dual layers per UE
The previous discussion about MU-MIMO is mostly based on one layer transmission per UE as in LTE Rel-8. However, multi-layer transmission to scheduled UEs should also be considered if the sum throughput can be further improved. Especially for systems with cross-polarized antennas or lightly loaded, rank>1 transmission is more attractive. In contribution [1], rank2 transmission per UE is studied by transmitting two layers over two polarized directions, and simulation results show that MU-MIMO with maximum 2 layers per UE can provide significant gain in systems with cross-polarized antennas 
If multiple layers transmission is allowed for every scheduled UE, the feedback mechanism and downlink signaling in Rel-8 may be further extended (e.g. additional RI indication) and rank adaption should also be supported for each UE. Furthermore, there may be co-scheduled UEs with different ranks. The additional scheduling complexity and overhead should be considered in association with the performance gain when discussing multiple layers transmission per UE.
In table1-2, we provide simulation results to study the performance of MU-MIMO with two co-scheduled UEs supporting maximum 2 layers per UE. Rank adaption per UE is enabled and ideal CSI is assumed in BS. Compared to one layer transmission per UE, dual-layer transmission per user can provide 12% gain in cell average throughput for 8x2 antenna configuration, and 22% gain for 8x4 antenna configuration.
Table1 performance of different transmit ranks for MU-MIMO (8x2)
	Transmission Mode
	Cell average SE (bits/s/Hz) 
	Gain

	Maximal one layer per UE
	3.842
	0%

	Maximal dual-layer per UE
	4.302
	12%


Table2 performance of different transmit ranks for MU-MIMO (8x4)

	Transmission Mode
	Cell average SE (bits/s/Hz) 
	Gain

	Maximal one layer per UE
	4.303
	0%

	Maximal dual-layer per UE 
	5.273
	22%


2.2. MU-MIMO with over two co-scheduled UEs
In LTE Rel-8, only two co-scheduled UEs are allowed for downlink MU-MIMO. We also consider the possibility of supporting more than two co-scheduled UEs in the same time-frequency resource in LTE-A. If UEs are scheduled transparently, no additional overhead is needed for signaling and feedback; otherwise, additional information about co-scheduled UEs (e.g. RI or ports indication) is needed. However, more users doesn’t mean higher throughput, as the interference between co-scheduled UEs becomes lager at the same time. It’s obvious that orthogonal DM RS port allocation of the scheduled UEs is more appropriate, with the significant interference reduction among users.
In table 3, performance of MU-MIMO with different number of co-scheduled UEs is provided. Similar to Rel-9 transmission 8,  rank1 transmission per UE and single-user based receiver are assumed. We can see that the performance saturates at the number of co-scheduled UEs equals to 4. Considering only SU based MMSE receiver is assumed in this simulation, if higher order receiver with MU interference cancellation is used in UEs, the allowed co-scheduled UEs may be increased. Of course, this non-transparent MU-MIMO detection requires downlink signaling to indicate information of co-scheduled users, and more signaling overhead is needed with more co-scheduled users.
Table 3 performance of different co-scheduled UEs for MU-MIMO (8x2)
	Co-scheduled UEs
	Cell average SE (bits/s/Hz) 
	Gain

	1 UE (SU-MIMO)
	2.219
	0%

	2 UEs (MU-MIMO)
	3.842
	73%

	3 UEs (MU-MIMO)
	4.588
	106%

	4 UEs (MU-MIMO)
	4.661
	110%

	5 UEs (MU-MIMO)
	4.627
	109%

	6 UEs (MU-MIMO)
	4.625
	109%


3. Conclusions
In this contribution, some issues are discussed about MU-MIMO dimensioning in Rel-10. System performance gain as well as additional overhead and complexity from scheduling and signaling should both be considered to judge how many layers per UE or how many co-scheduled UEs can be supported for DL MU-MIMO. Based on the discussion and simulation results, we propose that:
· Dual-layer transmission per UE should be supported for downlink MU-MIMO in LTE-A.
· Maximum four co-scheduled UEs can be supported for downlink MU-MIMO in LTE-A.
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5. Appendix-Simulation parameters
Table3: System level simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Total eNB TX power 
	46dBm – 10MHz carrier

	eNB antenna gain plus cable loss
	14 dBi 

	UE antenna gain
	0 dBi

	Noise figure at UE
	9dB

	Distance-dependent path loss
	L=I+37.6log10(.R), R in kilometers, I=128.1 for 2GHz

	Minimum distance between UE and cell
	>= 35 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell

	Penetration Loss  
	20dB

	Channel model
	UrbanMacro AS=15 


	UE speeds of interest
	3km/h

	Number of antenna elements (eNB, UE)
	(8, 2), (8, 4)

	Antenna separation (eNB, UE) 
	(0.5λ, 0.5λ)

	Overhead 
	3 OSs DL control/ 4 CRS ports/ 12 REs DRS per PRB

	Scheduler
	Proportional fair and frequency selective scheduling based on ideal CSI and ideal CQI

	CSI
	Ideal CSI in BS

	CQI estimation
	Ideal

	Channel estimation
	Ideal 

	MCS
	Refer to 36.213

	Receiver
	MMSE

	Precoding/scheduling granularity
	1RB


