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1. Introduction

In RAN1#58, LTE and LTE-Advanced results were presented to fulfill the ITU requirements [1]. This paper presents results to fulfill the LTE-Advanced spectral efficiency targets [2]. We focus on the TDD results.
2. LTE/LTE-A TDD results
A summary of the 3GPP spectral efficiency targets and LTE/LTE-Advanced performance is presented in Table 1 and Table 2, for DL and UL respectively. In the downlink, for the 2x2 configuration, the 3GPP required targets can be fulfilled using R8 codebook-based precoding; for the 4x2 and 4x4 configurations, LTE-A techniques like MU-MIMO is used to meet the target. In the uplink, the R8 SIMO can hardly meet the 3GPP targets for both 1x2 and 2x4 configurations, if no advanced receiver such as SIC receiver is used. We use the 1xN intra-site joint receiver CoMP to get the UL requirements, which is assumed to be easier to implement than UL inter-site CoMP. The details of UL joint receiver CoMP can be found in [3]. The average IoT in all UL cases is limited to less than 10dB.
MBSFN subframes have been used to reduce overhead and the final overhead for each DL case is listed in Table 4 in appendices. A control region of 3 symbols per TTI (L=3) is assumed and the results for L=1 and L=2 are shown in appendices, too. Models and assumptions are aligned with the guidelines provided by 3GPP in TR 36.814 [4]. In addition to these, a set of system models specific for the LTE configurations are summarized in Table 3.
Table 1. DL simulation results for TDD (L=3)
	DL Cases
	Ant. Config
	Requirement
	Simulation Results

	Average spectral 
efficiency [bps/Hz/cell]
	2x2, Code-book
	2.4
	2.42

	
	4x2,MU-MIMO
	2.6
	3.65

	
	4x4,MU-MIMO
	3.7
	4.81

	Cell-edge performance
 [bps/Hz]
	2x2, Code-book
	0.07
	0.073

	
	4x2,MU-MIMO
	0.09
	0.094

	
	4x4,MU-MIMO
	0.12
	0.153


Table 2. UL simulation results for TDD

	UL Cases
	Ant. Config
	Requirement
	Simulation Results

	Average spectral 
efficiency [bps/Hz/cell]
	1x2, CoMP
	1.2
	1.64

	
	1x4, CoMP
	2.0
	2.11

	Cell-edge performance
 [bps/Hz]
	1x2, CoMP
	0.04
	0.048

	
	1x4, CoMP
	0.07
	0.075


3. Conclusions

It is seen that the LTE/LTE-A can reach the 3GPP targets in both downlink and uplink, and for all antenna configurations.
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5. Appendices

Table 3. Simulation models and assumptions
	Parameters
	Assumptions

	Scenarios
	3GPP Case1

	Antenna Pattern
	3D Pattern defined in 36.814, Am = 25dB

	Antenna downtilt
	15 in degree

	Channel Model
	SCM-Case1 in 25.996

	Duplex method and bandwidths
	TDD:  20 MHz, DL/UL = 3:2

Special subframe: DwPTS 11symbol, GP 1 symbol, UpPTS 2 symbol

	Network synchronization
	Synchronized

	Handover margin
	1.0 dB

	Downlink transmission scheme 
	Transmission scheme

· Rel.8 codebook-based precoding for 2x2

· LTE-A MU-MIMO without coordination for 4x2 and 4x4

	Downlink scheduler
	Proportional Fair in Time and Frequency

	Downlink link adaptation
	· Non-frequency selective PMI and frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1) per PRB for Rel. 8 codebook-based precoding
· Sounding-based precoding, 5ms sounding period, frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1) per PRB for MU-MIMO

	Downlink HARQ scheme
	CC

	Receiver type
	MMSE with intercell interference suppression capabilities in DL and UL

	Uplink transmission scheme
	Advanced transmission scheme (LTE-A)

UL CoMP for 1x2 and 2x4

	Uplink scheduler
	Quality-based Frequency Domain Multiplexing

	Uplink Power control
	Fractional power control.
Power control parameters (P0 and alpha) are chosen according to the deployment scenario. (IoT<=10dB.)

	Uplink link adaptation
	Non-ideal

	Uplink HARQ scheme
	CC

	eNB Antenna configuration

	A) Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths for 2 TX
(illustration for 2 Tx: |         |)
B) Correlated: co-polarized:
0.5 wavelengths between antennas for 4TX
(illustration for 4 Tx: |||| )

	UE Antenna configuration
	Vertically polarized antennas with 0.5 wavelengths separation at UE for 2 and 4 antennas. (illustration for 2 Tx: | | ; 4 Tx: ||||)

	Channel estimation
	Non-ideal for uplink and downlink

	Control channel errors
	None

	Spectrum efficiency calculation
	UL spectrum efficiency for TDD = UL throughput / (TDD bandwidth * (14+14+2)/ (14+14+14+14+13)), DL spectrum efficiency for TDD = DL throughput / (TDD bandwidth * (14+14+11)/(14+14+14+14+13)),   GP is not active for both UL and DL; UpPTS is active for UL.

	DL overhead
	See Table 4

	UL overhead
	8% of all RBs for PUCCH, 2 DM-RS symbols per TTI, 2 UpPTS symbols for sounding


Table 4. Downlink overhead assumptions (L=3).

	　
	Total RE
	DL PDCCH L=3
	CRS
	DRS
	SS+PBCH
	CSI RS
	Guard
	Total
	Overhead ratio

	Rel8 (2x2)
	93600
	19200
	8000
	0
	528
	0
	0
	27728
	0.2962 

	LTEA MU-MIMO
	93600
	19200
	2000
	6600
	528
	0
	0
	28328
	0.3026 


Table 5. DL simulation results for TDD (L=2)
	DL Cases
	Ant. Config
	Requirement
	Simulation Results

	Average spectral 
efficiency [bps/Hz/cell]
	2x2, Code-book
	2.4
	2.60

	
	4x2,MU-MIMO
	2.6
	3.92

	
	4x4,MU-MIMO
	3.7
	5.16

	Cell-edge performance
 [bps/Hz]
	2x2, Code-book
	0.07
	0.078

	
	4x2,MU-MIMO
	0.09
	0.101

	
	4x4,MU-MIMO
	0.12
	0.164


Table 6. DL simulation results for TDD (L=1)
	DL Cases
	Ant. Config
	Requirement
	Simulation Results

	Average spectral 
efficiency [bps/Hz/cell]
	2x2, Code-book
	2.4
	2.80

	
	4x2,MU-MIMO
	2.6
	4.19

	
	4x4,MU-MIMO
	3.7
	5.52

	Cell-edge performance
 [bps/Hz]
	2x2, Code-book
	0.07
	0.084

	
	4x2,MU-MIMO
	0.09
	0.108

	
	4x4,MU-MIMO
	0.12
	0.175


