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1. Introduction
In RAN1#58, self-evaluation for ITU submission has been finished based on ITU evaluation guideline ITU-R M.2135 for all the 4 ITU scenarios. It is further needed to evaluate LTE-A performance against 3GPP requirements defined in TR36.913.
This document provides some initial simulation results of LTE-TDD with Rel.8 and LTE-A enhanced MU-MIMO technical features in corresponding antenna configurations. The scenarios selected are aligned with 3GPP case1-3D assumptions. 
2. Performance requirements analysis
The performance requirements of LTE-A in 3GPP case1 scenario defined in TR36.913 V8.0.1 are as follows:

Table 1. Targets for average spectrum efficiency and cell edge throughput.
	UL/DL
	Ant. Config
	Cell Average(bps/Hz)
	Cell edge user throughput(bps/Hz)

	UL-Case1
	1x2
	1.2
	0.04

	
	2x4
	2.0
	0.07

	DL-Case1
	2x2
	2.4
	0.07

	
	4x2
	2.6
	0.09

	
	4x4
	3.7
	0.12

	UL-UMa
	BS:Up to 8
UE:Up to 2
	1.4
	0.03

	DL-UMa
	BS:Up to 8

UE:Up to 2
	2.2
	0.06


The requirements are much higher than the comparable ITU scenario UMa. The main assumption comparisons between the 2 scenarios are listed in Table 2 as below. Besides the SCM channel model, the main difference is the value of Am for 3D-Pattern. The Am of 3GPP Case1-3D is 5dB higher than UMa, which can make its performance much higher than UMa’s.
Table 2. Simulation model comparison between 3GPP case 1 and ITU scenario UMa

	Assumptions
	Case1
	UMa

	ISD
	500
	500

	Carrier Frequency
	2GHz
	2GHz

	Speed
	3Km/h
	3Km/h

	Am of 3D-pattern
	25dB
	20dB

	Channel
	SCM-Urban Macro
	ITU-UMa

	LOS/NLOS
	NLOS
	LOS/NLOS based on probability of distance


3. Simulation Assumptions

The baseline parameters for simulation assumptions of 3GPP case 1 and 3 are updated in TR36.814 Table A.2.1.1-2。Additional simulation assumptions used in the simulation provided in this document are as follows,: Note most of those assumptions are the same as which are used in ITU submission.
Table 3. Additional simulation assumptions

	Parameters
	Assumptions

	Scenarios
	Case1

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

	Downtilt
	15 in degree

	Channel Model
	SCM-Case1 in 25.996

	Duplex method and bandwidths
	FDD:  10+10 MHz
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 MIMO closed loop precoded spatial multiplexing for 2X2
· LTE-A MU-MIMO without coordination for 4X2 and 4X4

	Downlink scheduler
	PF

	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 code-book
Sounding-based precoding, frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1) per PRB for MU-MIMO

	Downlink HARQ scheme
	CC

	Downlink receiver type
	MMSE-IRC

	Uplink transmission scheme
	Baseline transmission scheme (LTE Rel.8)

SIMO for 1 x 2

Advanced transmission scheme (LTE-A)

MU-MIMO for 2X4

	Uplink scheduler
	PF

	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

	Uplink receiver type
	MMSE-IRC

	Antenna configuration
base station
	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: |||| )
C) Correlated cross-polarized
Columns with +-45deg  linearly polarized antennas for 8TX
Columns separated 0.5  wavelengths
(illustration for 8Tx: XXXX)

	Antenna configuration  UE
	Vertically polarized antennas with 0.5 wavelengths separation at UE for 2 antennas. (illustration for 2 Tx: | |)
Columns with linearly polarized orthogonal antennas with 0.5 wavelengths spacing between columns for 4 antennas.
(illustration for 4 Tx: XX)

	Channel estimation
(Uplink and downlink)
	Non-ideal 

	Overhead assumption. 
	As L= 3 in ITU submission

	Feedback and control channel errors
	None


4. Simulation Results

4.1 Uplink evaluation
The uplink performances of LTE TDD in case1-3D are shown in Table 4. With the 3D pattern, for UL 1X2, performances of LTE-R8 SIMO can be very close to the 3GPP LTE-A requirements. For the case of 2X4, the cell average and cell edge throughput of 2 users MU-MIMO are about 30% better than the 3GPP LTE-A requirements.
Table 4. UL simulation results for TDD
	UL Cases
	Ant. Config
	Requirement
	Simulation Results

	Cell Average(bps/Hz)
	1x2, SIMO
	1.2
	1.21

	
	2x4, MU-MIMO
	2.0
	2.66

	Cell edge user throughput(bps/Hz)
	1x2, SIMO
	0.04
	0.039

	
	2x4, MU-MIMO
	0.07
	0.089


4.2 Downlink evaluation
The downlink performances of LTE TDD in case1-3D are shown the Table 5. With the 3D pattern, for antenna configuration 2X2, performances of LTE-R8 Code-book can be very close to the 3GPP LTE-A requirements. For the cases of configuration 4X2 and 4X4, the cell average throughput of 2 users MU-MIMO are about 25-30% better than the 3GPP LTE-A requirements.
Table 5. DL simulation results for TDD

	DL Cases
	Ant. Config
	Requirement
	Simulation Results

	Cell Average(bps/Hz)
	2x2, Code-book
	2.4
	2.39

	
	4x2,MU-MIMO
	2.6
	3.45

	
	4x4,MU-MIMO
	3.7
	4.61

	Cell edge user throughput(bps/Hz)
	2x2, Code-book
	0.07
	0.081

	
	4x2,MU-MIMO
	0.09
	0.131

	
	4x4,MU-MIMO
	0.12
	0.224


5. Conclusion
With the 3D antenna pattern and optimized downtilt, the 3GPP requirements of LTE-Advanced in case1 scenarios can be achieved by LTE-Rel.8 technologies in lower antenna configurations. For higher antenna configurations, the performances of MU-MIMO are beyond the 3GPP LTE-A requirements.
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