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1. Introductions
In RAN1#57bis, LTE Release 8 baseline performance for ITU scenarios was investigated [1]. The results indicate that the LTE DL SU-MIMO configurations do not fulfill the downlink spectral efficiency requirements in the Urban Micro and Urban Macro scenarios. It was suggested that MU-MIMO and CoMP be used to be able to reach the requirements for UMi and UMa scenarios [2]. In this contribution, we provide system-level performance results of LTE-A enhanced MU-MIMO configurations in ITU-R deployment scenarios.

2. Simulation Parameters
The simulation parameters are outlined in Table 1 which is based on the agreed baseline assumptions in last RAN1 #57 meeting [3].
In the following evaluation study, both long-term and short-term SCI (spatial channel information) feedbacks are considered. For long-term SCI feedback, we assume that long-term wideband transmit channel covariance matrix is available at the base station. For short-term SCI feedback, we assume that instantaneous transmit channel covariance matrix averaged over 6 PRB is reported with 5ms periodicity. For both cases, UE calculates the CQI assuming that the base station would transmit data signal using the precoding vectors that is equal to the largest eigen-vector of reported transmit channel covariance matrix. Sub-band CQI’s over 6 PRB are reported with 5ms periodicity.
For the UE selection algorithm for MU-MIMO, we consider the greedy UE selection algorithm with zero-forcing beam-forming. When the current data rate is predicted for proportional fairness(PF) metric, the precoding vector of a candidate UE at a selection iteration is found within the null space of the precoding vectors of the UE’s selected at the previous iterations, and the scheduler considers the transmission power reduction for MU-MIMO transmission and the loss due to projected precoding vector of newly selected UE. After the best UE combination is selected, the precoding vectors are modified with zero-forcing beam-forming algorithm.

Table 1.  Simulation Parameters and Assumptions
	Parameter
	Value and Assumption

	General
	Parameters and assumptions not explicitly stated here according to
ITU guidelines M.2135 [4] and 3GPP specifications

	Duplex method 
	FDD 10+10MHz except InH with 20+20MHz

	Network synchronization
	Synchronized

	UE dropping
	Uniform random dropping over entire cells

	Handover margin
	1dB

	Downlink transmission scheme 
	4x2 MU-MIMO, rank=1 for each user, Equal power allocation between multiplexed UE’s

	Downlink scheduler
	Proportional Fair in Time and Frequency 
PF metric = Current_Rate/(Average_Rate)α
α=1.2 for UMa channel
α=1.0 for other channels

	Downlink link adaptation
	Wideband or narrow band spatial channel information, 
6RB Sub-band CQI
5ms CQI reports periodicity,
6ms delay total (measurement in subframe n is used in subframe n+6)
CQI measurement error: N(0,1) per PRB
5 bit CQI, 1.2dB granularity ( -7 ~ 29 dB)
MCSs based on LTE transport formats [36.213]

	Downlink HARQ scheme
	Incremental Redundancy (IR) , Maximum 4 transmissions
Initial transmission target FER: 10%

	Downlink receiver type
	MMSE with interference rejection combining(IRC)

	Antenna configuration
base station
	Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths

	Antenna configuration  UE
	Vertically polarized antennas, 0.5 wavelengths separation at UE

	Channel estimation
	Non-ideal

	Control channel and reference signal overhead, Acknowledgements etc. 
	- L=3 symbols for PDCCH Overheads
- CRS for one antenna port (antenna virtulization)
- DM-RS with 12 REs per PRB
- 6 MBSFN subframes per frame
Average 9.64OFDM symbol for PDSCH

	Feedback and control channel errors
	Ideal


3. Performance Results
The simulation results are shown in Table 2 according to the maximum number of spatial multiplexed UE’s, assuming long-term SCI feedback. The required values for IMT-A numbers are shown as reference. For 4 by 2 antenna configuration, the 10% average sector throughput gain is achieved when the maximum number of spatial multiplexed UE’s increases to 3. It could be concluded that the maximum 3 spatially multiplexed UE’s is the best choice considering performance and scheduler complexity.
Table 2. LTE-A DL performance results according to the maximum number of spatial multiplexed UE’s
	Minimum technical requirements item
	Scenario
	ITU required value
	The maximum # of spatial multiplexed UE’s.

	
	
	
	2
	3
	4

	Cell spectral efficiency (bit/s/Hz/cell)
	Indoor Hotspot
	3
	4.84 
	5.66 
	5.79 

	
	Urban Micro
	2.6
	2.63 
	2.74 
	2.74 

	
	Urban Macro
	2.2
	2.15 
	2.22 
	2.21 

	
	Rural Macro
	1.1
	2.98 
	3.26 
	3.26 

	Cell edge user spectral efficiency (bit/s/Hz/cell)
	Indoor Hotspot
	0.1
	0.220 
	0.232 
	0.211 

	
	Urban Micro
	0.075
	0.082 
	0.081 
	0.081 

	
	Urban Macro
	0.06
	0.062 
	0.062 
	0.062 

	
	Rural Macro
	0.04
	0.081 
	0.083 
	0.081 


Table 3. LTE-A DL performance results according to the feedback types
	Minimum technical requirements item
	Scenario
	ITU required value
	Long–term feedback
	Short–term feedback

	
	
	
	BS antenna spacing 0.5 λ 
	BS antenna spacing 4.0 λ
	BS antenna spacing 0.5 λ 
	BS antenna spacing 4.0 λ

	Cell spectral efficiency (bit/s/Hz/cell)
	Indoor Hotspot
	3
	5.66 
	5.28 
	6.49 
	6.40 

	
	Urban Micro
	2.6
	2.74 
	2.21 
	2.99 
	2.68 

	
	Urban Macro
	2.2
	2.22 
	1.69 
	2.15 
	1.76 

	
	Rural Macro
	1.1
	3.26 
	2.86 
	3.14 
	2.81 

	Cell edge user spectral efficiency (bit/s/Hz/cell)
	Indoor Hotspot
	0.1
	0.232 
	0.221 
	0.262 
	0.273 

	
	Urban Micro
	0.075
	0.081 
	0.068 
	0.094 
	0.085 

	
	Urban Macro
	0.06
	0.062 
	0.042 
	0.065 
	0.051 

	
	Rural Macro
	0.04
	0.083 
	0.059 
	0.083 
	0.069 


In the table 3, we compare the performance of short-term SCI feedback with that of long-term SCI feedback. It is shown that the performance gain using short-term SCI feedback is 10% for 0.5 BS antenna spacing, and 20% for 4.0 BS antenna spacing over low mobility channels, such as InH and UMi channels. Since the quantization for SCI is not modeled, the results represent an upper bound of performance.
4. Conclusion
In this contribution, we investigate the downlink enhanced MU-MIMO scheme with zero-forcing beam-forming over ITU scenarios and observe that all the ITU requirements are achieved with the knowledge of long-term SCI at the base station. The results show that the enhancement from the feedback of short-term SCI is very large without the loss due to the feedback quantization and error, especially over low correlated channel. It is for further study which feedback type is supported in LTE-A system with reasonable feedback overhead.
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