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1
Introduction

In previous RAN1 meetings performance of LTE and LTE-A for meeting IMT-advanced requirements was studied (see e.g., [1]-[5]). We considered DL performance of SU-MIMO LTE Rel-8 and preliminary performance of MU-MIMO in [2]. It was demonstrated that MU-MIMO can provide significant gains allowing achieving IMT-advanced requirements [7]. In this document we will provide further results on the performance of MU-MIMO and CoMP in FDD for different ITU scenarios and show that IMT-advanced requirements can be met based on LTE-A in all scenarios. The performance of LTE-A for ITU scenarios in TDD setup is studied in [6].

2
Discussion
It was demonstrated in [1] that the performance requirements for InH and RMa test environments specified in M.2135 can already be met with LTE Rel-8 design. Techniques like dynamic rank selection, subband scheduling and close-loop MIMO with codebook based precoding are employed to meet the requirements.
It was further shown in [2] that LTE Rel-8 design cannot achieve the IMT-advanced requirements in UMi and UMa scenarios. For these scenarios, we consider the performance of MU-MIMO with and without coordination across cells. Details on the MU-MIMO scheduling can be found in [9]. In MU-MIMO with coordination, schedulers at different cells attempt to maximize the marginal utility of the entire network by consider the users served by itself and all other “victim” users that experience high interference from this cell. 
The simulation assumptions are shown in the Appendix. Note that simulations were carried out with a 4 element v-pol antenna array at each cell. We consider antenna spacing of 0.5( for UMa. The smaller antenna spacing were used to create long term transmit correlation that could be exploited even for fast varying channels (50 Hz in the case of UMa). The performance of UMi is studied with the antenna spacing of 4( and 0.5(. 
The DL spectral efficiency of LTE-A system for L = 3 control symbols is summarized in Table 1. Results for L = 2 control symbols are provided in the Appendix. Red color reflects scenarios that do not fulfil the IMT-advanced requirements. The InH and RMa performance is based on LTE Rel-8 design. It can be observed from Table 1 that the IMT-Advanced requirements could already be met with the single point MU-MIMO transmission scheme. Furthermore, coordination across cells in MU-MIMO setup can provide around 10% gain in the cell-edge user performance for all the scenarios considered. However, the cell spectral efficiency gain of MU-MIMO with coordination versus no coordination is limited to around 2%. The inter-cell coordination scheme is also expected to yield larger gain in dominant interference scenarios such as HeNB and partial loading.
Table 1 LTE-A DL spectral efficiency in different scenarios (L=3 control symbols)
	
	IMT Advanced Requirement
	Rel-8 SU-MIMO
	MU-MIMO w/o coordination
	MU-MIMO w. coordination

	InH

(4()
	Cell spectral efficiency (bps/Hz/cell)
	3
	3.75
	
	

	
	Cell edge user spectral efficiency (bps/hz)
	0.1
	0.151
	
	

	UMi

(4()
	Cell spectral efficiency (bps/Hz/cell)
	2.6
	1.69
	2.65
	2.71

	
	Cell edge user spectral efficiency (bps/hz)
	0.075
	0.065
	0.093
	0.103

	UMi

(0.5()
	Cell spectral efficiency (bps/Hz/cell)
	2.6
	1.92
	2.95
	2.99

	
	Cell edge user spectral efficiency (bps/hz)
	0.075
	0.076
	0.103
	0.114

	UMa

(0.5()
	Cell spectral efficiency (bps/Hz/cell)
	2.2
	1.32
	2.36
	2.33

	
	Cell edge user spectral efficiency (bps/hz)
	0.06
	0.043
	0.076
	0.083

	RMa

(0.5()
	Cell spectral efficiency (bps/Hz/cell)
	1.1
	1.67
	
	

	
	Cell edge user spectral efficiency (bps/hz)
	0.04
	0.071
	
	


The MU-MIMO enhancements include employing UE specific RS, optimized user pairing, and post-scheduling precoded RS for rate prediction. For UMa, asynchronous HARQ scheduling is used to obtain the right balance between scheduling re-transmissions and capturing multi-user diversity. Details on MU-MIMO operation in LTE-A can be found in [6]. User selection and pairing are done within a utility maximization framework. The precoder selection is based on the SLR metric that balances the beam-forming gain to the user served by the cell and amount of interference caused to “victim” users in a computationally tractable framework. Furthermore, once the decision on beamforming vectors is finalized, scheduler implicitly informs the users of the scheduling decision by transmission of precoded reference signals referred to as RQI-RS. Users will provide the scheduler with CQI estimate based on the RQI-RS. This estimate captures the impact of multi-user interference more accurately and provides performance improvements. The performance improvement for MU-MIMO without coordination is shown in Table 2. The additional scheduling delay associated with RQI-RS transmission is modelled in these simulations.

While RQI-RS is expected to provide large gains in scenarios with bursty-traffic source and in the presence of strong interferers such as in femto deployments, we observe benefits of RQI-RS for homogeneous deployments as well.

Table 2: DL Spectral efficiency with post-scheduling CQI adjustment
	
	MU-MIMO w/o

RQI-RS
	MU-MIMO w

RQI-RS 
	Performance Gain

	UMi

(4()
	Cell spectral efficiency (bps/Hz/cell)
	2.52
	2.65
	5%

	
	Cell edge user spectral efficiency (bps/hz)
	0.089
	0.093
	4%

	UMi

(0.5()
	Cell spectral efficiency (bps/Hz/cell)
	2.78
	2.95
	6%

	
	Cell edge user spectral efficiency (bps/hz)
	0.096
	0.103
	7%


3 
Conclusions
In this contribution, we evaluated the LTE-A DL performance for ITU-R submission. It was shown that all DL spectral efficiency requirements are met with either Rel-8 solutions or enhanced single point MU-MIMO techniques. MU-MIMO transmission provides 30% to 60% gain over LTE Rel. 8 SU-MIMO in UMi and UMa scenarios respectively. Furthermore, DL MU-MIMO with inter-cell coordination can provide around 10% additional gain in cell-edge user throughput.
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Appendix
4.1
Simulation assumptions

The overall performance evaluation is carried out according to the IMT-Advanced evaluation methodology [8]. Additional simulation assumptions are shown in Table 3. The throughput results presented herein take into account system overhead such RS, PBCH, PSS, and SSS, in a normalized manner. 
Table 3: List of Assumptions for DL full buffer simulations

	
	Rel-8
	Beyond Rel-8

	Bandwidth
	10 MHz except Indoor hotspot with 20 MHz
	10 MHz except Indoor hotspot with 20 MHz

	Number of control symbols
	2-3 OFDM symbols for DL CCHs. 

CRS 

SCH

PBCH

MAC header
	2-3 OFDM symbols for DL CCHs. This does not imply 3 symbol MBSFN is allowed, but rather total control overhead is equivalent to 3 OFDM symbols. 

CRS, UE-RS, RQI-RS 

SCH

PBCH

MAC header

6 MBSFN subframes and 4 non-MBSFN subframes. CRS dimensioned for 1 Tx.

	Base station Tx antenna
	4
	4

	Base station antenna configuration
	4(, v-pol for InH, UMi

0.5(, v-pol for UMI, UMa, RMa
	4(, v-pol for InH, UMi

0.5(, v-pol for UMi, UMa, RMa

	UE Rx antenna
	2
	2

	UE Rx antenna configuration
	0.5 (, v-pol
	0.5 (, v-pol

	Channel estimation
	Non-ideal
	Non-ideal

	Noise estimation
	Non-ideal
	Non-ideal

	Receiver algorithm
	MMSE
	MMSE

	Link adaptation
	Non-ideal based on non-ideal CQI/PMI/RI reports
	· Additional rate prediction pilot used to improve MU-MIMO rate prediction accuracy. 

· Asynchronous HARQ with undecodable packet format for the first transmission. 

· Overhead accounted.

	Feedback error
	Not modeled
	Not modeled

	Frequency sensitive scheduling
	Yes 
	Yes 

	Subband size
	6 RB
	6 RB

	Scheduling fairness
	Proportional fair
	Proportional fair

	HARQ scheme
	Incremental redundancy
	Incremental redundancy

	Maximum number of retransmissions
	4
	4


4.2
L=2 Control symbol results
Table 4 DL spectral efficiency for LTE-A with L=2 control symbols
	
	IMT Advanced Requirement
	Rel-8 SU-MIMO
	MU-MIMO w/o coordination
	MU-MIMO w. coordination

	InH

(4()
	Cell spectral efficiency (bps/Hz/cell)
	3
	4.14
	
	

	
	Cell edge user spectral efficiency (bps/hz)
	0.1
	0.167
	
	

	UMi

(4()
	Cell spectral efficiency (bps/Hz/cell)
	2.6
	1.86
	2.83
	2.90

	
	Cell edge user spectral efficiency (bps/hz)
	0.075
	0.072
	0.099
	0.110

	UMi

(0.5()
	Cell spectral efficiency (bps/Hz/cell)
	2.6
	2.12
	3.15
	3.20

	
	Cell edge user spectral efficiency (bps/hz)
	0.075
	0.084
	0.110
	0.122

	UMa

(0.5()
	Cell spectral efficiency (bps/Hz/cell)
	2.2
	1.46
	2.52
	2.49

	
	Cell edge user spectral efficiency (bps/hz)
	0.06
	0.048
	0.081
	0.089

	RMa

(0.5()
	Cell spectral efficiency (bps/Hz/cell)
	1.1
	1.84
	
	

	
	Cell edge user spectral efficiency (bps/hz)
	0.04
	0.078
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