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1 Introduction
This contribution is an update of the prior FDD evaluation in [1], by changing the evaluation assumptions to the agreed ones for Step2 calibration in RAN1#57. In this contribution, we assess the challenges of the ITU requirements on spectral efficiency. The ITU scenarios chosen for the evaluations of the IMT-A include indoor hotspot, urban microcellular, urban macro-cell, and rural macro-cell. Before deciding on the selected LTE-Advanced features for ITU evaluations, it would be good to know whether LTE system specified in release 8 is capable to fulfill the requirements in the four ITU scenarios. 
The evaluation results of LTE R8 FDD shows that:

· Downlink: LTE FDD in release 8 exceeds the downlink spectral efficiency requirements in ITU scenarios of indoor hotspot and rural macro-cell obviously. The big gap between the ability of LTE release 8 and ITU requirement shows that the urban micro and urban macro environments have been identified as the most challenging cases in downlink. 
· Uplink: LTE FDD in release 8 meets the uplink spectral efficiency requirements in ITU scenarios. 
2 Models and Assumptions
Models and assumptions are aligned with the baseline [2] provided by RAN1 57 meeting. The relevant parameters and detailed description are provided in Table 1. In addition, the difference assumptions comparing to [1] are highlighted in red.

Table 1. LTE-specific system Models and assumptions
	Parameter
	Assumption

	Duplex method 
	FDD

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

	Load
	Average 10 UE per sector

	Bandwidth
	20MHz for indoor hotspot; 10MHz for other scenarios

	Scheduler
	DL: Proportional Fair 
UL: Proportional Fair 

	Antenna configuration at BS
	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 4Tx: XX)

	Antenna configuration at MS
	Baseline:
Vertically polarized antennas
0.5 wavelengths separation at UE

	Downlink transmission scheme 
	4x2 codebook-based SU-MIMO,  with rank adaptation

	Uplink transmission scheme
	1x4 SIMO, no MU-MIMO

	Uplink Power control
	Open loop with fractional pathloss compensation (
[image: image1.wmf]a

=0.8), P0 chosen according to the deployment scenario，Target IoT <= 10dB

	HARQ scheme
	HARQ-IR, up to 3 re-transmission

	Link adaptation
	Non-ideal
Downlink: CQI with 4ms delay 5ms period; PUSCH-based feedback, mode 3-1, wideband PMI,CQI measurement error, N(0,1)dB per half-PRB

Uplink: SINR estimation with 4 ms delay, 5ms SRS period 

	Receiver type
	MMSE

	Channel estimation
	Ideal channel estimation at receiver

	Overhead consumptions 
	DL overhead:  3 symbols for DL CCHs, Antenna Port 0~3 CRS

UL overhead: 6 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 symbol SRS per 5ms radio frame


3 The LTE R8 FDD evaluation
A summary of the IMT-Advanced requirements and LTE FDD in Rel. 8 performance is presented in Table 2 and Table 3.
In Table 2 of FDD DL results, the urban macro and urban micro scenarios are highlighted in red because they are not yet fully fulfilled with the ITU requirement.
Table 2. Downlink results of LTE FDD R8 in ITU scenarios
	Minimum technical requirements item
	scenario
	ITU

required value
	Evaluated LTE  performance
（Antenna config. a）
	Evaluated LTE  performance
（Antenna config. c）
	Evaluated LTE  performance
（Antenna config. e）

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

	
	Urban Micro
	2.6
	1.92
	2.08
	2.12

	
	Urban Macro
	2.2
	1.48
	1.77
	1.58

	
	Rural Macro
	1.1
	1.88
	2.07
	1.83

	Cell edge user spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	0.1
	0.196
	0.194
	---

	
	Urban Micro
	0.075
	0.058
	0.067
	0.065

	
	Urban Macro
	0.06
	0.054
	0.069
	0.062

	
	Rural Macro
	0.04
	0.068
	0.087
	0.075


For FDD UL, 6PRB feedback overhead (4PRB ACK/NAK+2PRB CQI/PMI) is assumed. In Table 3 of FDD UL results, all the scenarios are fully filled with ITU requirement.
Table 3. Uplink results of LTE FDD R8 in ITU scenarios
	Minimum technical requirements item
	scenario
	ITU

required value
	Evaluated LTE  performance
（Antenna config. a）
	Evaluated LTE  performance
（Antenna config. c）
	Evaluated LTE  performance
（Antenna config. e）

	Cell spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	2.25
	3.40
	3.40
	---

	
	Urban Micro
	1.8
	1.93
	1.93
	2.09

	
	Urban Macro
	1.4
	1.55
	1.50
	1.51

	
	Rural Macro
	0.7
	1.87
	1.85
	1.74

	Cell edge user spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	0.07
	0.244
	0.242
	---

	
	Urban Micro
	0.05
	0.078
	0.076
	0.105

	
	Urban Macro
	0.03
	0.078
	0.077
	0.081

	
	Rural Macro
	0.015
	0.104
	0.100
	0.100


4 Conclusion
This contribution evaluates LTE FDD Rel. 8 performance in ITU deployment scenarios. The evaluation results are summarized as below:

For Indoor hotspot and rural macro-cell scenarios:

· LTE FDD release 8 fulfills and even goes beyond the ITU spectral efficiency requirements in both uplink and downlink.
For the challenging scenarios, i.e. the urban micro and urban macro scenarios:
· For uplink: LTE FDD release 8 performance can fulfill the ITU requirements, but the gap is not very large, which implies a risk of missing the requirement when introducing more feedback overhead to support advanced LTE-A multi-antenna solutions in downlink.
· For downlink: There is a big gap between LTE FDD release 8 performance and the ITU requirements. Advanced LTE-A features such as CoMP joint processing and Multi-user beamforming with possible extension of 8 transmit antennas at base station are required to be evaluated in the two scenarios to close the gap and ensure the satisfaction of IMT-A requirements.
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