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1 Introduction
LTE system supports both FDD and TDD in release 8, with very good commonality. There are only few differences left due to the inherent characteristics of the two duplex modes, e.g. discontinuous transmission of DL/UL TTIs in TDD, different HARQ process and feedback latency, beamforming with up to 8 transmitted antennas to deploy the UL/DL channel reciprocity in TDD system, etc. The limited differences cause some different assumptions in system evaluation, which end to somewhat different performance of FDD and TDD systems. 
This contribution tries to identify the different assumptions for LTE TDD in section 2. In addition, for the calibration usage, it provides the corresponding preliminary evaluation results of downlink 4x2 SU-MIMO and uplink 1x4 SIMO in the selected ITU scenarios, including indoor hotspot, urban microcellular, urban macro-cell, and rural macro-cell. With the same antenna configuration and transmission scheme, the evaluation results of LTE TDD in release 8 show the same conclusion as those of LTE FDD [1], i.e.:

· Downlink 4x2 SU-MIMO: LTE TDD 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 TDD 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 TDD performance and the ITU requirement in the urban microcellular scenario, mainly due to the larger feedback latency and the higher feedback overhead.
2 TDD-specific assumptions
The general channel models and assumptions are aligned with the guidelines provided by ITU [2]. In addition, a set of LTE-specific system models are almost same with [1]. Considering the TDD inherent characteristics, TDD-specific evaluation assumptions are given in Table 1.
Table 1. TDD-specific assumptions for evaluations
	Parameter
	Assumption

	Duplex method 
	TDD

	Bandwidth
	20MHz for all the scenario

*note: ITU requires 40MHz for indoor, but R8 only support up to 20MHz

	UE transmit power
	24dBm (same for 10MHz and 20MHz)

	Uplink-downlink configurations
	 Configuration 1: DL subframes : special slots : UL subframes = 2:1:2;
5ms switching period;

12 symbols for DwPTS; 1 symbol for GP, 1 symbol for UpPTS

	Spectral efficiency normalization for the comparison with FDD
	DL Spectral efficiency convert:
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UL Spectral efficiency convert:
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	Antenna configuration at BS
	Option 1: 4x2 SU-MIMO, antenna separation at BS: 4*wavelength
Option 2: 8x2 BF, polarized antenna, antenna separation at BS: 0.5*wavelength
*note: this contribution only evaluate option1 for the calibration usage

	Overhead consumptions 
	DL overhead: 3 symbols for DL CCHs,  Antenna port 0~3 CRSs, No antenna port 5 for codebook based precoding.

*note: Antenna port 5 overhead should be discounted for beamforming
UL overhead: 2 symbols for DMRSs, 12 PRBs for UL feedbacks  

	EVM model
	Follow release 8


3 Rel. 8 LTE TDD 4x2 SU-MIMO evaluation in ITU scenarios
A summary of the IMT-Advanced requirements and LTE TDD Rel. 8 performance in downlink and uplink are presented in Table 2 and Table 3respectively. 
In downlink, both the cell spectral efficiency and cell-edge user spectral efficiency of LTE TDD are beyond the ITU requirement in indoor hotspot and rural macro scenarios. The urban macro and urban micro scenario in downlink is highlighted in red because they are not yet fully fulfilled the required value. The TDD performance of LTE R8 4x2 SU-MIMO is almost consistent with FDD. Comparing with [1], with the same antenna configuration (DL 4x2), FDD performance outperforms the TDD slightly both in cell average and cell edge spectral efficiency. 
Table 2  IMT-Advanced spectral efficiency requirements and LTE TDD DL 4x2 SU-MIMO results
	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
	3.67 
	22.3%

	
	Urban Micro
	2.6
	1.93
	-25.8%

	
	Urban Macro
	2.2
	1.00 
	-54.7%

	
	Rural Macro
	1.1
	1.33 
	20.9%

	Cell edge user spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	0.1
	0.174
	74.0%

	
	Urban Micro
	0.075
	0.064
	-15.0%

	
	Urban Macro
	0.06
	0.033
	-45.4%

	
	Rural Macro
	0.04
	0.052
	28.8%


In uplink, assuming 12 PRBs feedback overhead for 20MHz bandwidth, the performance degradation is suffered for TDD, especially in urban micro, whose average cell spectral efficiency is 6% lower than the ITU required value, mainly due to larger feedback overhead in TDD and the larger feedback latency. It should be noted that the performance will be worse if taking the higher CSI and CQI feedback overhead to support the necessary LTE-A downlink features. However, if taking the UL/DL channel reciprocity into account, the total CSI overhead in TDD should be less than in FDD.
Table 3   IMT-Advanced spectral efficiency requirements and LTE TDD UL 1x4 SIMO results
	Minimum technical requirements item
	scenario
	ITU

required value
	12 PRB feedback overhead

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

	Cell spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	2.25
	2.70
	20%

	
	Urban Micro
	1.8
	1.70
	-6%

	
	Urban Macro
	1.4
	1.67
	19%

	
	Rural Macro
	0.7
	2.00
	185%

	Cell edge user spectral efficiency(bit/s/Hz/cell)
	Indoor Hotspot
	0.07
	0.19
	172%

	
	Urban Micro
	0.05
	0.067
	34%

	
	Urban Macro
	0.03
	0.081
	169%

	
	Rural Macro
	0.015
	0.112
	645%


4 Conclusion
This contribution identifies the TDD-specific assumptions for LTE TDD evaluations, highlighted as below:

· For LTE TDD evaluation, 20MHz bandwidth should be used for all the scenarios, including indoor. Since the required 40MHz bandwidth in indoor scenario is not supported by LTE R8.
· LTE frame structure type 2, configuration 1 (DL subframes : special slots : UL subframes = 2:1:2) is suggested for calibration; assuming 1 symbol for GP and 1 symbol for UpPTS.
· With 20MHz bandwidth and discontinuous DL/UL transmission, LTE TDD takes more UL CCH overhead (12RB assumed) than 10MHz FDD system (6RB assumed).
· LTE TDD Spectral efficiency should be normalized by the DL and UL DTX ratio respectively, to make it comparable with FDD.
In addition, for the calibration usage, this contribution provides the evaluation results of LTE TDD downlink 4x2 SU-MIMO uplink 1x4 SIMO in the four ITU deployment scenarios, summarized as below:

· With the same antenna configuration (DL 4x2, UL 1x4), TDD performance is almost consistent with FDD result, just has a slight loss in downlink mainly due to the larger feedback latency. LTE TDD does not meet the uplink Spectral efficiency requirements in urban micro scenario. 
· LTE TDD satisfies the ITU downlink Spectral efficiency requirement in the indoor hotspot and rural macro scenario; and satisfies the ITU uplink Spectral efficiency requirement in the indoor hotspot, urban macro and rural macro scenario
· Same as for FDD, the urban micro and urban macro environments for downlink and the urban micro for uplink have been identified as the most challenging cases on the ability of LTE release 8. Additional LTE-A downlink and uplink features are expected to close the gap between LTE Rel. 8 performance and IMT-A requirements.
It should be noted that LTE TDD is capable of deploying the UL/DL channel reciprocity, thus may obtain better performance with up to eight transmit antennas at base station in some scenarios.
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