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1 Introduction
MU-MIMO with non-codebook based precoding and DM-RS is a key feature of LTE-Advanced to improve system capacity as observed during the self-evaluations for ITU submissions. It enables the use of more advanced transmit filtering at the eNB and more advanced feedback mechanisms at the UE side. It significantly departs from the Rel. 8 codebook based precoding approach using CRS. While the exact eNB transmit filter design may be an implementation issue, an appropriate feedback mechanism has to be specified in order to fully benefit from the use of non-codebook based precoding.


In those last few meetings, the following few issues were identified for further progress of MU-MIMO discussions:
· Transparency vs. non-transparency of MU-MIMO

· MU-MIMO dimensioning
· CSI feedback enhancements based on explicit and implicit feedback
This contribution deals with MU-MIMO dimensioning, i.e. number of layers per MU-MIMO UE and number of supported co-scheduled MU-MIMO UEs. In particular we focus on the number of co-scheduled MU-MIMO UEs and evaluate performance benefits of constraining the number of co-scheduled UEs.

. 
2 Number of supported co-scheduled MU-MIMO UEs 
In [1], our position regarding MU-MIMO dimensioning was that 
·  the number of supported co-scheduled MU-MIMO doesn’t no need to be explicitly captured in the specification 

·  using only orthogonal DMRS, the number of co-scheduled UEs is implicitly limited by the number of individual orthogonal DMRS patterns. For example, 4 users can be co-scheduled and distinguished orthogonally with each UE of rank-1 in case where rank-4 DMRS pattern is used.
·  For additional co-scheduled UEs (going beyond the capabilities of orthogonal DMRS), non-orthogonal DMRS can be used
We confirm such position by investigating the performance benefits of constraining the maximum number of co-scheduled users under various RS overhead and feedback assumptions. We assume a single layer per UE and perform rank adaptation with a maximum of 2 UEs and 4 UEs. We compare performance without and with (CSI-RS, 2 ports CRS, DM-RS, 3 OFDM CCHs) DL overhead. 
The simulation assumptions are provided in Table 1. We perform ZFBF-based MU-MIMO based on implicit feedback using LTE rank 1 CQI calculation. The UE feeds back a single rank-1 PMI chosen from LTE codebook. In the case of perfect CSI feedback, this PMI is not quantized by LTE codebook but corresponds to the dominant eigenvector of the subband covariance matrix.
Correlated channels
	Perfect CSI feedback


	No DL overhead
	With DL overhead

	
	Max 4 UEs
	Max 2 UEs
	Max 4 UEs
	Max 2 UEs

	Average cell spectral efficiency (bits/s/Hz)
	8.4533
	6.8183
	3.9996
	3.6273

	5% cell edge spectral efficiency (bits/s/Hz)
	0.2375
	0.2832
	0.1119
	0.1506


	LTE codebook

	No DL overhead
	With DL overhead

	
	Max 4 UEs
	Max 2 UEs
	Max 4 UEs
	Max 2 UEs

	Average cell spectral efficiency (bits/s/Hz)
	6.6505
	6.0315
	3.1606
	3.2087

	5% cell edge spectral efficiency (bits/s/Hz)
	0.2082
	0.2398
	0.1026
	0.1276



Those results show that in the presence of perfect CSI feedback and without considering any DL overhead, scheduling up to 4 UEs provides gain over the case where the number of UEs is constrained to be maximum 2. Once the DL overhead is accurately taken into account, scheduling up to 4 UEs still enables to provide some performance gain over 2 UEs case, especially in the case of cell average efficiency.


On the other hand, when the feedback relies on LTE codebook, scheduling up to 4 UEs is the right way to go when the DL overhead is omitted but scheduling a maximum of 2 UEs is preferable once the DL overhead is accurately taken into account.


Those results confirm the importance of standardizing advanced feedback mechanisms providing higher feedback accuracy. 

Uncorrelated channels
	Perfect CSI feedback


	No DL overhead
	With DL overhead

	
	Max 4 UEs
	Max 2 UEs
	Max 4 UEs
	Max 2 UEs

	Average cell spectral efficiency (bits/s/Hz)
	5.5567
	5.4563
	2.6552
	2.9028

	5% cell edge spectral efficiency (bits/s/Hz)
	0.1659
	0.186
	0.081
	0.099


	LTE codebook

	No DL overhead
	With DL overhead

	
	Max 4 UEs
	Max 2 UEs
	Max 4 UEs
	Max 2 UEs

	Average cell spectral efficiency (bits/s/Hz)
	3.7517
	4.3493
	1.8239
	2.3138

	5% cell edge spectral efficiency (bits/s/Hz)
	0.135
	0.1485
	0.066
	0.079


In uncorrelated channels, scheduling maximum 2 users is preferable irrespectively of the accuracy of the CSI feedback.
	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

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

	Users per sector
	10

	Handover margin
	1dB

	Downlink transmission scheme
	4x2 MU-MIMO ZFBF with rank adaptation with up to 2 and 4 layers and 1 layer per UE

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain

	Downlink link adaptation

	CQI and PMI 5ms feedback period

	
	1 PMI and 1 CQI feedback per subband (=4 consecutive RBs)

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	CQI measurement error: None

	
	PMI feedback error: 0% 

	
	MCSs based on LTE transport formats [36.213]

	
	Unquantized CQI

	codebook
	Rel. 8 4 bit

	Allocation
	localized

	Total number of RB in one subframe
	52

	scheduling unit
	1 subband=4 consecutive RBs

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell and DM-RS of the 8 dominant interferers

	Data Channel Estimation
	Perfect channel estimation on CSI RS and DM RS

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Vertically polarized antennas

	
	0.5 wavelength separation at UE

	
	Correlated channel: 0.5 wavelength separation  at base station (uniform linear array)

	
	ideal antenna calibration

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe

	
	Overhead of CSI RS: 4 sets of CSI RS every 5 ms and 2RE/port/RB (This is, in 4 Tx antenna case, 8 REs/RB per 5ms)

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0dB

	Channel model
	SCM urban macro high spread for 3GPP case 1, 3km/h

	
	Correlated channel: 8 degrees angle spread

	Link error prediction technique
	MIESM (RBIR)

	Intercell interference modeling
	rank 4 transmission in interfering cells

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers


Table 1. System Level Simulation assumptions
3 Conclusions

In this contribution, the dimensioning of MU-MIMO in terms of the number of co-scheduled MU-MIMO UEs is evaluated. It is found that with advanced feedback mechanisms enabling high feedback accuracies, some performance gains can be achieved in spatially correlated scenarios with up to four co-scheduled UEs. However if the feedback mechanism keeps relying exclusively on LTE codebook, it is preferable from a performance point of view to limit the number of co-scheduled users to two.
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