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1 Introduction
This contribution presents system performance results of LTE and LTE-A in ITU-R deployment scenarios (e.g., indoor hotspot, urban micro-cell, urban macro-cell, and rural macro-cell). 
From the simulation results, we observe that the LTE Rel.8 downlink with 4-by-2 antenna configuration can achieve the IMT-advanced requirements for indoor hotspot and rural macro-cell environments while LTE Rel.8 uplink with 1-by-4 antenna configuration can attain the requirements for all the environments. In downlink, single-cell MU-MIMO with 4Tx or 8Tx antennas and CoMP joint processing with 4Tx antennas introduced in this contribution can fulfill the requirements for urban micro-cell and urban macro-cell environments.
2 System-level simulation model
LTE and LTE-A system-level performance is evaluated under the assumptions shown in Table 1 which are aligned with the guidelines provided by ITU [1] and 3GPP RAN1 [2]. 
Table 1. Simulation assumptions

	Parameters
	Description

	
	LTE Rel.8
	LTE-A beyond Rel. 8

	Deployment scenario 
	Indoor hotspot, urban micro-cell,  urban macro-cell, rural macro-cell
	For downlink, urban micro-cell, urban macro-cell
For uplink, Indoor hotspot, urban micro-cell, urban macro-cell, rural macro-cell

	Duplex method and bandwidths 
	FDD: downlink 10MHz + uplink 10MHz
	FDD: downlink 10MHz + uplink 10MHz

	Network synchronization 
	Synchronized
	Synchronized

	Handover margin 
	1.0 dB
	1.0 dB

	Downlink transmission scheme 
	MIMO closed loop precoded spatial multiplexing (transmission mode 4 [36.213]): 4x2 MIMO
	Single-cell MU-MIMO based on short-term narrow-band CSI: Antenna configurations (A), (C) are used for 4Tx while (E) is used for 8Tx.

MU CoMP JP within up to 3 cells from the same cell site based on short term narrow-band CSI: Antenna configuration (C) with 4Tx is used.

	Downlink scheduler 
	Proportional fairness
	Proportional fairness

	Downlink link adaptation 
	Non-frequency selective PMI and frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1dB) per PRB
	MU-MIMO: Dynamic MU- or SU- selection based on the PF metric. Applicable to both single-cell and COMP. Up to 2 users paired in one PRB, each with rank -1 transmission.

CoMP: Dynamic transmission point selection, up to 3 cells within the same cell site.

	Downlink HARQ scheme 
	Incremental redundancy
	Incremental redundancy

	Downlink receiver type 
	MMSE
	MMSE

	Uplink transmission scheme 
	1x4 SIMO without MU-MIMO
	2x4 MIMO without MU-MIMO

	Uplink scheduler 
	Channel dependent 
	Channel dependent

	Uplink Power control 
	Fractional power control: alpha = 0.8, P0 fitted to the environment (Target average IoT = 10dB)
	Fractional power control: alpha = 0.8, P0 fitted to the environment (Target average IoT = 10dB)

	Uplink link adaptation 
	Non-ideal based on delayed SRS-based measurements: MCS based on LTE transport formats and SRS period and bandwidths according to [36.213]
	Non-ideal based on delayed SRS-based measurements: MCS based on LTE transport formats and SRS period and bandwidths according to [36.213]

	Uplink HARQ scheme 
	Incremental redundancy
	Incremental redundancy

	Uplink receiver type
	MMSE
	MMSE

	Base station antenna configuration
(Configurations (A), (B), (C), (D), and (E) are shown in [2])
	For downlink, 
· Indoor hotspot: (A)
· Urban micro-cell: (A), (B), (C)
· Urban macro-cell: (A), (C)
· Rural macro-cell: (A), (C)
For uplink,

· All scenarios: (A), (C)
	For downlink,

· Urban micro-cell: (A) for 4Tx, (E) for 8Tx
· Urban macro-cell: (A) for 4Tx, (E) for 8Tx
For uplink,
· All scenarios: (A)

	UE antenna configuration
	Vertically polarized antennas with 0.5 wavelengths separation at UE
	Vertically polarized antennas with 0.5 wavelengths separation at UE

	Channel estimation
	Non-ideal
	Non-ideal

	Control channel and reference signal overhead, Acknowledgements etc.
	For downlink, 31.64% overhead
· PDCCH: 3 OFDM symbols (50RBs * 12REs * 10subframes * 3symbols)

· CRS: 4 sets of CRS REs counted in the PDSCH region (50RBs * 16REs  * 10subframes)

· SCH: 288 REs per frame

· PBCH: 288 REs per frame
For uplink, 21.14% overhead (This overhead is also applied for LTE-A uplink)
·  PUCCH: ACK/NAK, CQI, PMI (4RBs * 12REs * 10subframes * 14symbols)

· DMRS: 2 OFDM symbols for DMRSs per subframe (46RBs * 12REs * 10subframes * 2symbols)

 
	For downlink MU-MIMO, 37.35% overhead for 4Tx, and 38.30% overhead for  8Tx
· PDCCH: 3 OFDM symbols in 10 non-MBSFN subframes in a frame (50RBs * 12REs * 10subframes * 3symbols)

· CRS: 2 sets of CRS REs counted in the PDSCH region (50RBs * 12REs * 10subframes)

· UE-RS: 1 or 2 UE RS (50RBs * 12REs * 10subframes)

· CSI-RS for 4Tx: 4 CSI RS transmitted in every 5 subframes, where each antenna port uses 2 CSI RS REs per RB in a CSI-RS subframe (50RBs * 8REs * 2subframes)

· CSI-RS for 8Tx: 2 sets of 4 CSI RS transmitted in every 5 subframes, where each antenna port uses 2 CSI RS REs per RB in a CSI-RS subframe (50RBs * 8REs * 4subframes)

· SCH: 288 REs per frame

· PBCH: 288 REs per frame

For downlink CoMP JP, 31.14 % overhead
· PDCCH: 6 MBSFN and 4 non-MBSFN subframes in a frame, and 3 OFDM symbols for PDCCH in non-MBSFN, 2 in MBSFN (50RBs * 12REs * 4subframes * 3symbols + 50RBs * 12REs * 6subframes * 2symbols)
· CRS: 2 sets of CRS REs counted in the PDSCH region in the 4 non-MBSFN subframes (50RBs * 12REs * 4subframes) 
· UE-RS: 1 or 2 UE RS (50RBs * 12REs * 10subframes)

· CSI-RS: 4 CSI RS in 2 subframes in a frame, each antenna port has 2 CSI-RS REs per RB (50RBs * 8REs * 2subframes * 3cells)

· SCH: 288 REs per frame

· PBCH: 288 REs per frame
· Punctured REs: Data in CRS REs of CoMP transmission points is not transmitted. (50RBs * 12REs * 10subframes * 0.0556 + 50RBs * 24REs * 10subframes * 0.0041, using 2-cell CoMP 5.56%, 3 cell-CoMP 0.41%)

	Feedback and control channel errors
	None
	None


3 Downlink system-level performance results
LTE Rel.8 downlink results shown in Tables 2 and 3 demonstrate that the IMT-advanced requirements for urban micro and urban macro environments can not be satisfied.
In order to achieve the requirement in the urban micro and urban macro scenarios, 4-by-2 MU-MIMO without coordination, 8-by-2 MU-MIMO without coordination, and 4-by-2 CoMP joint processing techniques are used, and their performance results appear in Tables 4 and 5. In the urban micro scenario, 4-by-2 MU-MIMO without coordination with antenna configuration (A) and 8-by-2 MU-MIMO without coordination with antenna configuration (E) can meet the requirements in terms of both cell spectral efficiency and cell edge user spectral efficiency. On the other hand, in the urban macro scenario 8-by-2 MU-MIMO without coordination with antenna configuration (E) and 4-by-2 CoMP joint processing with antenna configuration (C) can fulfill the requirements.
Table 2. LTE downlink performance and ITU-R requirements of cell spectral efficiency

	Minimum requirements
	Scenario
	Required Value

(bits/Hz/Cell)
	LTE 4x2

	
	
	
	Antenna
Configuration (A)
	Antenna
Configuration (B)
	Antenna
Configuration (C)

	Cell spectral efficiency
(bps/Hz/cell)
	InH
	3
	4.1
	-
	-

	
	UMi
	2.6
	1.99
	2.03
	2.1

	
	UMa
	2.2
	1.62
	-
	1.72

	
	RMa
	1.1
	1.93
	-
	2.08


Table 3. LTE downlink performance and ITU-R requirements of cell edge user spectral efficiency
	Minimum requirements
	Scenario
	Required Value

(bits/Hz)
	LTE 4x2

	
	
	
	Antenna Configuration (A)
	Antenna
Configuration (B)
	Antenna
Configuration (C)

	Cell edge user spectral efficiency
(bps/Hz/cell)
	InH
	0.1
	0.201
	-
	-

	
	UMi
	0.075
	0.062
	0.064
	0.069

	
	UMa
	0.06
	0.052
	-
	0.063

	
	RMa
	0.04
	0.066
	-
	0.081


Table 4. LTE-A downlink performance and ITU-R requirements of cell spectral efficiency
	Minimum requirements
	Scenario
	Required Value

(bits/Hz/Cell)
	MU-MIMO w/o coordination
4 × 2
	MU-MIMO w/o coordination
8 × 2
	CoMP JP
4 × 2

	
	
	
	Antenna Configuration

(A)
	Antenna Configuration

(C)
	Antenna Configuration

(E)
	Antenna Configuration

(C)

	Cell spectral efficiency
(bps/Hz/cell)
	UMi
	2.6
	2.95
	2.78
	3.48
	-

	
	UMa
	2.2
	1.90
	1.86
	2.43
	2.27


Table 5. LTE-A downlink performance and ITU-R requirements of cell edge user spectral efficiency
	Minimum requirements
	Scenario
	Required Value

(bits/Hz/Cell)
	MU-MIMO w/o coordination
4 × 2
	MU-MIMO w/o coordination
8 × 2
	CoMP JP
4 × 2

	
	
	
	Antenna Configuration

(A)
	Antenna Configuration

(C)
	Antenna Configuration

(E)
	Antenna Configuration

(C)

	Cell edge user spectral efficiency
(bps/Hz/cell)
	UMi
	0.075
	0.096
	0.072
	0.131
	-

	
	UMa
	0.06
	0.048
	0.053
	0.080
	0.062


4 Uplink system-level performance results
LTE Rel.8 uplink results shown in Tables 6 and 7 illustrate that the IMT-advanced requirements can be met in all the deployment scenarios. The simulation results also show that an introduction of LTE-A uplink transmission can provide much more gain in terms of both cell spectral efficiency and cell edge user spectral efficiency. IoT results for LTE and LTE-A uplink cases are obtained with 10 dB target average IoT, and the IoT results are offered in Table 8.
Table 6. LTE and LTE-A uplink performance and ITU-R requirements of cell spectral efficiency

	Minimum requirements
	Scenario
	Required Value

(bits/Hz/Cell)
	LTE 1x4
	LTE-A 2x4

	
	
	
	Antenna

Configuration (A)/(C)
	Antenna

Configuration (A)

	Cell spectral efficiency
(bps/Hz/cell)
	InH
	2.25
	3.39 / 3.26
	 3.91

	
	UMi
	1.8
	1.96 / 1.92
	 2.24

	
	UMa
	1.4
	1.57 / 1.45
	1.75

	
	RMa
	0.7
	1.75 / 1.72
	2.27 


Table 7. LTE and LTE-A uplink performance and ITU-R requirements of cell edge user spectral efficiency
	Minimum requirements
	Scenario
	Required Value

(bits/Hz/Cell)
	LTE 1x4
	LTE-A 2x4

	
	
	
	Antenna

Configuration (A)/(C)
	Antenna

Configuration (A)

	Cell edge user spectral efficiency
(bps/Hz/cell)
	InH
	0.07
	0.245 / 0.234
	0.265

	
	UMi
	0.05
	0.087 / 0.077
	0.088

	
	UMa
	0.03
	0.075 / 0.07
	0.082

	
	RMa
	0.015
	0.092 / 0.091
	0.126


Table 8. IoT for LTE and LTE-A uplink
	Scenario
	Target

average
IoT
	LTE 1x4
	LTE-A 2x4

	
	
	Antenna

Configuration (A)/(C)
	Antenna

Configuration (A)

	InH
	10 dB
	10.03 dB / 9.33  dB
	9.63 dB 

	UMi
	10 dB
	9.87  dB  / 9.93 dB 
	9.67 dB 

	UMa
	10 dB
	9.84  dB  / 9.56 dB
	9.92 dB 

	RMa
	10 dB
	9.8  dB  /  9.1 dB 
	9.37 dB 


5 Discussion and Conclusion

For uplink, all the ITU requirements are achieved by LTE Rel.8, whereas some of the requirements for downlink can not be fulfilled by LTE Rel.8, especially in urban micro and urban macro environments. Therefore, single-cell MU-MIMO and CoMP joint processing techniques are introduced in downlink to satisfy the requirements in urban micro and urban macro scenarios. 4-by-2 and 8-by-2 single-cell MU-MIMO meets the requirements in urban micro scenario, while 8-by-2 single-cell MU-MIMO and 4-by-2 CoMP joint processing attain the requirements in urban macro scenario.
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