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1 Introduction
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. If it is not, how much gap between the LTE performance and the ITU requirements. 
For the convenience of release 8 evaluation calibration, this contribution provides the detailed assumptions in Table 1 and the corresponding LTE FDD evaluation results in Table 2, as well as the geometry and coupling loss distributions in Appendix. Note that in this contribution performance results are only for LTE FDD. The TDD specific evaluation assumptions and LTE TDD evaluation results are described in detail in [1].
The evaluation results of LTE R8 (FDD) are summarized as below:

· 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 of indoor hotspot, urban macro-cell and rural macro-cell. There is a small gap between the LTE FDD performance and the ITU requirement in the urban microcellular scenario, mainly due to the feedback overhead to support the necessary advanced LTE-A downlink feature in this scenario. 
2 Models and Assumptions
Channel models and assumptions are aligned with the guidelines provided by ITU [2]. In addition, a set of LTE-specific system models are used. A summary of these models and relevant parameters for the purpose of this contribution is provided in.
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
	4 co-polarized antennas, with 4 lambda spacing

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

UL: single antenna element

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

	Uplink transmission scheme
	1x4 SIMO

	Uplink Power control
	Combined Open loop and closed loop, as in TS36.213

	HARQ scheme
	HARQ-CC, up to 6 re-transmission

	Link adaptation
	Non-ideal
downlink is based on the delayed CQI feedback;

uplink is based on the delayed SINR estimation

	Feedback mode
	PUCCH mode 2-1

	Receiver type
	MMSE

	Channel estimation
	Ideal channel estimation at receiver

	Frequency granularity of PMI feedback
	5PRBs

	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 10ms radio frame

	EVM model
	Follow release 8


3 The IMT-Advanced Requirements and LTE FDD in Rel. 8 Performance

A summary of the IMT-Advanced requirements and LTE FDD in Rel. 8 performance is presented in [1]. 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
	Ratio of LTE performance exceed over Required

	Cell spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	3
	3.96
	32.00%

	
	Urban Micro
	2.6
	2.02
	-22.46%

	
	Urban Macro
	2.2
	1.26
	-42.90%

	
	Rural Macro
	1.1
	1.56
	42.16%

	Cell edge user spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	0.1
	0.20
	98.00%

	
	Urban Micro
	0.075
	0.07
	-5.33%

	
	Urban Macro
	0.06
	0.04
	-28.60%

	
	Rural Macro
	0.04
	0.05
	32.80%


For FDD UL, LTE and LTE-A overhead consumptions are considered respectively. For LTE evaluation, 6PRB feedback overhead (4PRB ACK/NAK+2PRB CQI/PMI) is assumed. For LTE-A evaluation, we suppose the overhead consumption of CQI+PMI is 4 times of LTE, and the total overhead consumption is 12PRBs. It should be noted that 12PRBs consumption is a conservative estimation, and the real consumption maybe higher for CoMP and MU-MIMO or other LTE-A advanced features.

As shown in Table 3, if the overhead is 6PRB, UL UMi scenario can just fulfill the ITU requirement without additional margin. However, if the overhead is 12PRB or more, UL UMi scenario can not fulfill the ITU requirement any more; in UMa scenarios, the cell average throughput is below the requirement but the cell-edge throughput exceed the requirement quite a lot, thus it is possible to just reach both requirements with some balance in scheduling priority.
Table 3. Uplink results of LTE FDD R8 in ITU scenarios
	Minimum technical requirements item
	scenario
	ITU

required value
	6PRB feedback overhead
	12PRB feedback overhead

	
	
	
	Spectral efficiency [bit/s/Hz]
	Gain over requirement
	Spectral efficiency [bit/s/Hz]
	Gain over requirement

	Cell spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	2.25
	2.95
	31%
	2.25
	0.0%

	
	Urban Micro
	1.8
	1.82
	13%
	1.39
	-22.7%

	
	Urban Macro
	1.4
	1.49
	7%
	1.14
	-19%

	
	Rural Macro
	0.7
	1.79
	156%
	1.37
	95.4%

	Cell edge user spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	0.07
	0.20
	189%
	0.15
	120.4%

	
	Urban Micro
	0.05
	0.073
	45%
	0.055
	11. 0%

	
	Urban Macro
	0.03
	0.072
	139%
	0.055
	82%

	
	Rural Macro
	0.015
	0.099
	558%
	0.075
	401.6%


4 Conclusion
This contribution evaluates LTE FDD Rel. 8 performance in ITU deployment scenarios and proposes the detailed evaluation assumptions for Rel. 8 calibration with some highlights as below:

· Overhead: 
· Downlink: the antenna port 0~3 CRSs should be discounted in addition to 3 symbols for DL CCHs
· Uplink: assume 6 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 symbol SRS per 10ms radio frame
· Non-ideal link adaptation is assumed, which is based on the delayed CQI feedback in downlink, and the delayed SINR estimation in uplink
· For receiver, ideal channel estimation is assumed. Otherwise, it would take quite some effort to reach an agreement on the channel estimation error model, while the time limit in ITU submission is quite tight.
The evaluation results are summarized as below:

For Indoor hotspot and Rural macro-cell scenarios:

· LTE FDD release 8 fullfills and even goes beyond the ITU spectral efficiency requirements in both uplink and downlink.
For the challenging scenarios of the urban micro and urban macro scenarios:
· Downlink: There is a big gap between LTE FDD release 8 performance and the ITU requirements. Advanced LTE-A features are required to be evaluated in the two scenarios to close the gap and ensure the satisfaction of IMT-A requirements.
· Uplink: LTE FDD in release 8 meets the uplink spectral efficiency requirements in urban macro-cell scenario. LTE just reaches the requirement in urban micro-cell scenario with 6PRB feedback overhead assumption, but cannot fulfill the requirement with 12PRB feedback overhead considering the advanced downlink feature. With 12PRB, there is even a risk to miss the requirement in UMa scenario. Further consideration is needed to figure out additional features in uplink ITU evaluation to exceed the ITU requirements with enough margin, considering that the downlink advanced LTE-A features will take more feedback overhead in uplink. 
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Appendix: Geometry and Coupling loss distribution Results for each scenario
In order to enable meaningful analyses of performance results and facilitate the calibration of cell and edge user spectral efficiency for ITU deployment scenarios, the geometry and coupling loss distributions for the different deployment scenarios are present in Figures 1-4. For reference, results for 3GPP case 1 are presented in Figures 5.   Coupling loss is defined as the difference between transmitted and received power, and includes feeder loss, antenna gain, path loss, indoor- or in-car loss, and effects of shadow fading. Note that multi-path fading effects are not considered.

[image: image1]

 SHAPE  \* MERGEFORMAT 
[image: image2]
(a) Coupling loss distribution                                  (b) Geometry distribution

Figure1 Inh with OMNI antenna
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(a) Coupling loss distribution                                  (b) Geometry distribution

Figure 2 ITU Umi with 3D antenna model
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(a) Coupling loss distribution                                  (b) Geometry distribution

Figure 3 ITU Uma with 3D antenna model
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(a) Coupling loss distribution                                  (b) Geometry distribution

Figure 4 ITU Rma with 3D antenna model
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