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1 Introduction
This paper summarizes the FDD evaluation results for ITU submission, including spectral efficiency, mobility, Voice-over-IP (VoIP) capacity and link budgets. The results of LTE Rel-8 and LTE-A features that are capable to fulfill the requirements in different ITU scenarios are presented. The results and assumptions shown in this paper are aligned with what have been submitted to the 3GPP RAN1 email reflector.
Generally, the LTE Rel-8 configuration could fulfill most of the ITU requirements on spectral efficiency, mobility, VoIP capacity, and link budget, except 1) the downlink spectral efficiency in UMi and UMa, and 2) the uplink spectral efficiency in UMi and UMa with high overhead, which is required for supporting the advanced LTE-A DL transmission. To fully achieve the requirements, some LTE-A features are proposed, e.g., 4x2 CoMP joint processing (JP) and 8x2 MU-MIMO w/o coordination in DL, and 1x4 CoMP, 2x4 CoMP and 2x4 SU-MIMO in UL. The results show that the proposed LTE-A features could well fulfill the requirement in all ITU scenarios and provide considerable performance improvement.
Detailed results, models and assumptions are provided in the following sections. 

2 Simulation Assumptions
The channel models and assumptions are aligned with the guidelines provided by ITU [1]. The detailed parameters is provided in Table 1. Note that the items differing from TDD system [2] are marked in gray, and the difference between Rel-8 and LTE-A features are emphasized in bold. Specific parameters employed in mobility, VoIP and link budget evaluations are stated in corresponding sections. 
Table 1  System models and assumptions
	Parameters
	Rel 8 Assumption
	Beyond rel 8 Assumption

	Duplex method
	FDD
	FDD

	Cellular Layout
	Aligned with [1]
	Aligned with [1]

	Load
	Average 10 UE per sector
	Average 10 UE per sector

	Bandwidth
	20MHz for InH; 10MHz for other scenarios
	20MHz for InH; 10MHz for other scenarios

	Scheduler
	DL: Proportional Fair 
UL: Proportional Fair 
	DL: Proportional Fair 
UL: Proportional Fair 

	Antenna configuration at BS
	DL & UL:

a)  Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)
c)  Correlated: co-polarized:
0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )
e)  Correlated cross-polarized
Columns with ±45deg  linearly polarized antennas
Columns separated 0.5  wavelengths
(illustration for 8Tx: XXXX)
	DL: 
c)  Correlated: co-polarized:
0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )
UL:

a)  Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)



	Antenna configuration at MS
	Vertically-polarized, with 0.5 lambda spacing
	Vertically-polarized, with 0.5 lambda spacing

	Downlink transmission scheme 
	4x2 codebook-based SU-MIMO,  with rank adaptation.
	4x2 CoMP joint-processing (JP),
8x2 MU-MIMO w/o coordination.

	Uplink transmission scheme
	1x4 SIMO without MU-MIMO
	1x4 CoMP / 2x4 CoMP / 2x4 SU-MIMO

	Uplink Power control
	Open loop, as in TS36.213, with fractional pathloss compensation =0.8, and P0 fitted to the environment.
	Open loop, as in TS36.213, with fractional pathloss compensation =0.8, and P0 fitted to the environment.

	HARQ scheme
	IR
	CC

	Link adaptation
	Non-ideal, 

Downlink: type A)

CQI: 4ms delay 5ms period; PUSCH-based feedback, mode 3-1, wideband PMI

CQI measurement error: N(0,1dB) per half-PRB. 
Uplink: SINR estimation with 5ms SRS period and 4ms delay.
	Non-ideal
Downlink: type A) 
CQI: 4ms delay 10ms period; PUCCH-based feedback, sub-band PMI with 5 PRBs.
Uplink: SINR estimation with 10ms SRS period and 4ms delay.

	Receiver type
	MMSE
	MMSE

	Channel estimation
	Non-ideal
	Non-ideal.

	Frequency granularity of precoding
	Wideband
	5PRBs 

	Overhead consumptions 
	DL overhead: 3 symbols for DL CCHs, Antenna Port 0~3 CRS (DRS only for beamforming)

UL overhead: 6/12 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 symbol SRS per 5ms radio frame.
	DL overhead:  3 symbols for DL CCHs, Antenna Port 0~3 for CRS, DM-RS with 12 REs per PRB.
UL overhead: 6/12 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols for DMRSs per subframe, and 1 symbol for SRS per 10ms radio frame.


3 Downlink Spectral Efficiency
The FDD downlink spectral efficiency of the LTE Rel-8 and the proposed LTE-A features, i.e., CoMP JP and MU-MIMO w/o coordination [3], are presented in Table 2. It is seen that Rel-8 configuration fulfils the requirements in InH and RMa scenarios, and after applying the LTE-A features, the requirements in the UMi and UMa scenarios are fulfilled. 
Table 2  FDD Downlink spectral efficiency of LTE Rel-8 and LTE-A features in ITU scenarios
	Minimum technical requirements item
	scenario
	ITU required value
	LTE  Rel-8
	CoMP with 4 antennas at BS
	MU-MIMO  with 8 antennas at BS

	
	
	
	4x2 Config. a)
	4x2 Config. c)
	4x2  Config. e)
	Config. c)
	Config. c)

	Cell spectral efficiency
(bit/s/Hz/cell)
	InH
	3
	3.99
	4.00
	-
	-
	-

	
	UMi
	2.6
	1.92
	2.08
	2.12
	3.32
	3.48

	
	UMa
	2.2
	1.48
	1.77
	1.58
	2.32
	2.67

	
	RMa
	1.1
	1.88
	2.07
	1.83
	-
	-

	Cell edge user spectral efficiency
(bit/s/Hz)
	InH
	0.1
	0.196
	0.194
	-
	-
	-

	
	UMi
	0.075
	0.058
	0.067
	0.065
	0.104
	0.133

	
	UMa
	0.06
	0.054
	0.069
	0.062
	0.062
	0.088

	
	RMa
	0.04
	0.068
	0.087
	0.075
	-
	-


4 Uplink Spectral Efficiency
The FDD uplink spectral efficiency of LTE Rel-8 and the proposed LTE-A features, i.e., CoMP and SU-MIMO, are presented in Table 3 and Table 4, respectively. It is seen that, if the overhead is moderate, say 6 PRBs, the requirements in all scenarios can be fulfilled by LTE Rel-8 configuration. However, some DL LTE-A features are required for UMi and UMa according to section 3. In this case, the CQI+PMI overhead may be 4 times or more than that of LTE, which indicates 12 or more PRBs are required. When this is the case, the uplink spectral efficiency of LTE Rel-8 in UMi and UMa is somewhat worse than the requirement. 

To avoid the above-mentioned problem and to further improve the performance, SU-MIMO and CoMP are proposed as candidate features for UL transmission. The results shown in Table 4 indicate that both features could fulfil ITU requirement in all scenarios, even with high PUCCH overhead consumption [4].

Table 3  FDD Uplink spectral efficiency of LTE Rel-8 in ITU scenarios
	Minimum technical requirements item
	scenario
	ITU required value
	6PRB feedback overhead
	12PRB feedback overhead

	
	
	
	1x4 Config. a)
	1x4 Config. c)
	1x4 Config. e)
	1x4 Config. a)
	1x4 Config. c)
	1x4 Config. e)

	Cell spectral efficiency
(bit/s/Hz/cell)
	InH
	2.25
	3.40
	3.40
	-
	3.18
	3.18
	-

	
	UMi
	1.8
	1.93
	1.93
	2.09
	1.67
	1.66
	1.79

	
	UMa
	1.4
	1.55
	1.50
	1.51
	1.34
	1.30
	1.30

	
	RMa
	0.7
	1.87
	1.85
	1.74
	1.61
	1.60
	1.50

	Cell edge user spectral efficiency
(bit/s/Hz)
	InH
	0.07
	0.244
	0.242
	-
	0.23
	0.23
	-

	
	UMi
	0.05
	0.078
	0.076
	0.105
	0.07
	0.07
	0.09

	
	UMa
	0.03
	0.078
	0.077
	0.081
	0.07
	0.07
	0.07

	
	RMa
	0.015
	0.104
	0.100
	0.100
	0.09
	0.09
	0.09


Table 4  FDD Uplink spectral efficiency of LTE-A features in ITU scenarios
	Minimum technical requirements item
	scenario
	ITU required value
	6PRB feedback overhead
	12PRB feedback overhead

	
	
	
	1x4 CoMP
	2x4 CoMP
	2x4 SU- MIMO
	1x4 CoMP
	2x4 CoMP
	2x4 SU- MIMO

	Cell spectral efficiency
(bit/s/Hz/cell)
	InH
	2.25
	3.42
	4.12
	4.01
	2.95
	3.56
	3.46

	
	UMi
	1.8
	2.22
	2.42
	2.15
	1.92
	2.09
	1.86

	
	UMa
	1.4
	1.95
	2.11
	1.80
	1.68
	1.83
	1.55

	
	RMa
	0.7
	2.31
	2.58
	2.32
	1.99
	2.23
	2.00

	Cell edge user spectral efficiency
(bit/s/Hz)
	InH
	0.07
	0.271
	0.278
	0.276
	0.234
	0.240
	0.238

	
	UMi
	0.05
	0.093
	0.102
	0.085
	0.081
	0.088
	0.073

	
	UMa
	0.03
	0.096
	0.102
	0.087
	0.083
	0.089
	0.075

	
	RMa
	0.015
	0.129
	0.154
	0.129
	0.111
	0.133
	0.112


5 Mobility

The mobility evaluations follow the ITU guidelines in [1]. The throughput versus SNR curve given by link-level simulation and the SINR distribution given by system-level simulation are illustrated in Fig 1 and Fig 2, respectively, and the median SINR and the corresponding normalized bitrates are shown in Table 5. It is seen that the requirements are fulfilled in all scenarios [5].
Note that only the performance of NLoS is provided for the case with 4 antennas at BS, whose results exceed the ITU requirements in all the scenarios with remarkable margin. Thus there should be no doubt for LoS to exceed the ITU requirements.
Specific assumptions for mobility evaluation are as follows.

· Scheduler: Round Robin.
· Channel estimation in link-level simulation: Non-ideal delay estimator and channel estimator.
Table 5  ITU Requirements on mobility and evaluation results
	Scenario
	Speed
(km/h)
	Frequency (GHz)
	Required normalized bitrates (bps/Hz)
	Normalized bitrates
(bps/Hz)
	Median SINR
(dB)

	InH
	10
	3.4
	1.0
	2.71
	13.7

	UMi
	30
	2.5
	0.75
	1.38
	4.8

	UMa
	120
	2.0
	0.55
	1.13
	4.0

	RMa
	350
	0.8
	0.25
	1.15
	5.2
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Fig 1  Link performance in ITU scenarios (NLoS only)
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                                                 (a) InH                                                                      (b) UMi
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 (c) UMa                                                                     (d) RMa
Fig 2 Uplink wideband SINR in ITU scenarios
6 VoIP Capacity
The models and assumptions specific for the VoIP capacity evaluation are listed in Table 6. The traffic model and performance measures are aligned with the ITU guidelines [1].

The simulation results for VoIP capacity and the IMT-Advanced requirements are presented in Table 7. It is shown that the VoIP capacity of LTE Rel-8 by far exceeds the ITU requirement [6].
Table 6  VoIP specific Models and Assumptions
	Parameter
	Assumption

	Bandwidth
	5M (25 PRBs)

	Scheduler
	semi-persistent scheduling with PDCCH capacity model

	Antenna configuration at BS
	configuration c) 4 antennas

	Antenna configuration at MS
	DL: 2 vertically-polarized antennas, with 0.5 lambda spacing

UL: single transmit antenna

	HARQ scheme
	HARQ-CC, re-transmission times is limited by 50ms latency requirement.

DL maximum 5 retransmissions

UL maximum 4 retransmissions

	Overhead consumptions
	DL: 3 OFDM symbols for CCH

UL: 6 PRBs for CCH


Table 7  VoIP capacity requirement and simulation results
	Test environment
	Min requirement in IMT-A (Active users/sector/MHz)
	Simulation result 
(Active users/sector/MHz)

	InH
	50
	110 (UL = 110; DL = 144 )

	UMi
	40
	71 (UL = 95; DL = 71)

	UMa
	40
	70 (UL > 85; DL = 70)

	RMa
	30
	90 (UL > 90; DL = 90)


7 Link budget
The primary link budget results are listed in Table 8. Two antennas are assumed at the BS. Please refer to [7] for more details.
Table 8 Primary results of link budget
	Parameters
	Indoor
	UMi
	UMa
	RMa
	SMa

	
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL

	
	PDCCH
	ACK
	PDCCH
	ACK
	PDCCH
	ACK
	PDCCH
	ACK
	PDCCH
	ACK

	Transmission bit rate for control channel (bit/s)
	4.40E+04
	1.00E+03
	4.20E+04
	1.00E+03
	4.20E+04
	1.00E+03
	4.20E+04
	1.00E+03
	4.20E+04
	1.00E+03

	Transmission bit rate for data channel (bit/s)
	4.10E+06
	1.02E+06
	2.05E+06
	2.00E+05
	2.05E+06
	2.00E+05
	2.05E+06
	2.00E+05
	2.05E+06
	2.00E+05

	Required SNR for control channel (dB)
	-6.0
	-6.7
	-6.0
	-6.7
	-6.0
	-6.7
	-6.0
	-6.7
	-6.0
	-6.7

	Required SNR for data channel (dB)
	-4.7
	0.1
	-3.7
	-2.1
	-3.7
	-2.1
	-3.7
	-2.1
	-3.7
	-2.1

	Hardware link budget for control channel (dB)
	117.4
	127.3
	157.4
	152.9
	162.4
	152.9
	162.4
	152.9
	162.4
	152.9

	Hardware link budget for data channel (dB)
	117.1
	121.5
	156.1
	149.3
	161.1
	149.3
	161.1
	149.3
	161.1
	149.3

	Available path loss for control channel (dB)
	114.7
	121.6
	134.7
	127.2
	138.3
	125.9
	137.0
	124.5
	137.0
	124.5

	Available path loss for data channel (dB)
	114.4
	115.8
	133.4
	123.6
	137.0
	122.3
	135.7
	120.9
	135.7
	120.9

	Max range for control channel  (m)
	100.0
	100.0
	587.4
	368.6
	1091.9
	525.1
	2184.2
	1041.5
	1359.2
	648.1

	Max range for data channel (m)
	100.0
	100.0
	541.4
	294.1
	1011.4
	424.8
	2021.4
	840.4
	1257.9
	523.0


8 Conclusion
This paper summarizes the FDD evaluation results for ITU submission, including spectral efficiency, mobility, VoIP capacity and link budgets. The results of LTE Rel-8 and the proposed LTE-A features in different ITU scenarios are presented, and the following results are observed.
· Downlink spectral efficiency. LTE Rel-8 could fulfill the requirements in InH and RMa, but has a large gap in UMi and UMa.  The proposed DL LTE-A features, i.e., 4x2 CoMP JP and 8x2 MU-MIMO w/o coordination, could fulfill the requirements in UMi and UMa quite well.
· Uplink spectral efficiency. LTE Rel-8 could fulfill the requirements in all test environments with moderate overhead, say 6 PRBs, but is likely to fail in UMi and UMa with a high overhead, say 12 PRBs. This problem is avoided by the proposed UL LTE-A features, i.e., 1x4 CoMP, 2x4 CoMP and 2x4 SU-MIMO, which further improves the performance.
· Mobility. The results show that the mobility requirements in all test environments are fulfilled.
· VoIP capacity. It is shown that LTE Rel-8 well fulfills the capacity requirement in all ITU scenarios.
· Link budget. Quite promising results are observed in all test environments even for LTE Rel-8 with 2 antennas at BS.
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