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1. Introduction
In the email discussion of ITU evaluations, a set of common baseline on simulation assumptions for LTE R8 and LTE-A are given in [1]. In this contribution, we provide simulation results of LTE-TDD system, including following cases:

· UL: Rel-8 1–layer SU-SIMO with MMSE receiver for antenna configuration a), d), and e) in [1] are simulated. Further, 1–layer MU-MIMO with MMSE receiver for antenna configuration e) is simulated for the 3 outdoor scenarios, to get higher spectrum efficiency to reach the ITU requirement [3].
· DL: Rel-8 2–layer SU-MIMO with rank adaptation for antenna configuration a) and d) in [1] are simulated. Further, 1–layer SU-MIMO and MU-MIMO with non-codebook based precoding for antenna configuration e) are simulated for the 3 outdoor scenarios, to get higher spectrum efficiency to reach the ITU requirement.
The evaluation results of LTE TDD are summarized as following:
· UL：With antenna configuration a), d), and e), the performance of LTE-TDD R8 with SU-SIMO can reach the ITU requirements. With MU-MIMO and antenna configuration e), a performance gain of about 30 – 40% can be achieved in UL.
· DL: For R8 SU-MIMO in antenna configuration a), d) and e), the performance of LTE-TDD cannot reach the ITU requirements in UMi and UMa. With MU-MIMO and antenna configuration e), the ITU requirements can be met in all scenarios.
2. Simulation Cases and Assumptions
The simulated cases are listed in Table 1. Most of the simulation assumptions are aligned with the common baselines in [1]. Further detail assumptions for LTE-TDD are described in Table 2.

Table 1: Simulation cases

	Cases
	Antenna configuration
	ITU Scenarios
	MIMO for UL
	MIMO for DL

	1-1
	a, |  |  |  |,  4
	InH
	SU, 1x4
	SU, 4x2, rank adaptation

	1-2
	
	UMi
	SU, 1x4
	SU, 4x2, rank adaptation

	1-3
	
	UMa
	SU, 1x4
	SU, 4x2, rank adaptation

	1-4
	
	RMa
	SU, 1x4
	SU, 4x2, rank adaptation

	2-1
	d, X    X,  4
	InH
	SU, 1x4
	SU, 4x2, rank adaptation

	2-2
	
	UMi
	SU, 1x4
	SU, 4x2, rank adaptation

	2-3
	
	UMa
	SU, 1x4
	SU, 4x2, rank adaptation

	2-4
	
	RMa
	SU, 1x4
	SU, 4x2, rank adaptation

	3-1
	e,  XXXX,  8
	UMi
	SU, 1x8
	SU,8x2, nonecodebook-rank-1

	3-2
	
	UMa
	SU, 1x8
	SU,8x2, nonecodebook-rank-1

	3-3
	
	RMa
	SU, 1x8
	SU,8x2, nonecodebook-rank-1

	3-4
	
	UMi
	MU, 1x8
	MU, 8x2, rank-1

	3-5
	
	UMa
	MU, 1x8
	MU, 8x2, rank-1

	3-6
	
	RMa
	MU, 1x8
	MU, 8x2, rank-1


Table 2: LTE-TDD specific system models and assumptions

	Parameter
	Assumption

	Duplex method 
	TDD

	Antenna configuration at BS
	a) Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)

d) Uncorrelated cross-polarized:
Columns with +-45deg  linearly polarized antennas
Columns separated 4 wavelengths
(illustration for 4 Tx: X    X)

e) Correlated cross-polarized
Columns with +-45deg  linearly polarized antennas
Columns separated 0.5  wavelengths
(illustration for 8Tx: XXXX)

	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

8x2 None-codebook-based SU-MIMO, rank=1.
8x2 None-codebook-based MU-MIMO, rank=1 for each user

	Uplink transmission scheme
	1x4 SIMO

1x8 SIMO, MU-MIMO

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

Average IoT target = 10dB for all the scenarios, see section 7.1 in [2]

	HARQ scheme
	HARQ-CC, up to 3 re-transmissions

	SRS period
	5ms

	Channel estimation
	Ideal

	Receiver type
	MMSE for SU-MIMO and MU-MIMO

	TDD frame structure
	2 DL, 2UL, DwPTS 12, GP 1, UpPTS 1

	Overhead consumptions 
	DL overhead: 
· 3 OFDM symbols for DL CCHs,
· CRS for antenna ports 0 – 3 with antenna configuration a) and d), 

· CRS for antenna port 0 – 1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
· 4 PRBs for PUCCH (ACK/NAK, CQI, PMI), 
· 2 OFDM symbols for DMRSs per subframe, 
· 1 OFDM symbol for SRS per 5ms.

	UL active ratio
	(14+14+1)/ (14+14+14+14+13), SRS is active for UL ,GP is not active for both UL and DL

	DL active ratio
	(14+14+12)/(14+14+14+14+13), GP is not active for both UL and DL


3. Simulation Results

3.1. Antenna configuration a)
The simulation results of antenna configuration a) are shown Table 3. It can be seen that there are some gaps to reach the ITU DL requirements in UMi and UMa.
Table 3: Performance with antenna configuration a)

	Minimum technical requirements item
	Category
	ITU

required value
	DL: 4x2
UL: 1x4

	Ratio of LTE performance exceed over Required

	
	Scenario
	Direction
	
	
	

	Cell average spectral efficiency
(bits/s/Hz/cell)
	Indoor Hotspot
	Downlink
	3
	4.02
	34%

	
	
	Uplink
	2.25
	3.24
	44%

	
	Urban Micro
	Downlink
	2.6
	1.97
	-24%

	
	
	Uplink
	1.8
	1.91
	6%

	
	Urban Macro
	Downlink
	2.2
	1.36
	-38%

	
	
	Uplink
	1.4
	1.46
	4%

	
	Rural Macro
	Downlink
	1.1
	1.76
	60%

	
	
	Uplink
	0.7
	1.69
	141%

	Cell edge spectral efficiency
(bits/s/Hz/cell)
	Indoor Hotspot
	Downlink
	0.1
	0.184
	84%

	
	
	Uplink
	0.07
	0.232
	231%

	
	Urban Micro
	Downlink
	0.075
	0.063
	-16%

	
	
	Uplink
	0.05
	0.081
	62%

	
	Urban Macro
	Downlink
	0.06
	0.039
	-35%

	
	
	Uplink
	0.03
	0.073
	143%

	
	Rural Macro
	Downlink
	0.04
	0.054
	35%

	
	
	Uplink
	0.015
	0.102
	580%


3.2. Antenna configuration d)
The simulation results of antenna configuration d) are shown in Table 4. It can be seen that with 4 dual-polarized antennas, the performance is slightly lower than 4 co-polarized antennas. There are also some gaps to reach the ITU DL requirements in UMi and UMa.
Table 4: Performance in antenna configuration d)

	Minimum technical requirements item
	Category
	ITU

required value
	DL: 4x2
UL: 1x4
	Ratio of LTE performance exceed over Required

	
	Scenario
	Direction
	
	
	

	Cell average spectral efficiency
(bits/s/Hz/cell)
	Indoor Hotspot
	Downlink
	3
	3.74
	24%

	
	
	Uplink
	2.25
	3.03
	34%

	
	Urban Micro
	Downlink
	2.6
	1.96
	-24%

	
	
	Uplink
	1.8
	1.89
	5%

	
	Urban Macro
	Downlink
	2.2
	1.21
	-45%

	
	
	Uplink
	1.4
	1.41
	0%

	
	Rural Macro
	Downlink
	1.1
	1.65
	50%

	
	
	Uplink
	0.7
	1.62
	131%

	Cell edge spectral efficiency
(bits/s/Hz/cell)
	Indoor Hotspot
	Downlink
	0.1
	0.172
	72%

	
	
	Uplink
	0.07
	0.214
	205%

	
	Urban Micro
	Downlink
	0.075
	0.061
	-18%

	
	
	Uplink
	0.05
	0.079
	58%

	
	Urban Macro
	Downlink
	0.06
	0.037
	-38%

	
	
	Uplink
	0.03
	0.071
	136%

	
	Rural Macro
	Downlink
	0.04
	0.051
	27%

	
	
	Uplink
	0.015
	0.097
	546%


3.3.  Antenna configuration e)
The simulation results of antenna configuration e) in 3 outdoor scenarios are shown in Table 5. With 8 correlated dual-polarized antennas, the performance is much higher than 4 uncorrelated antennas for LTE-TDD R8 transmission mode 7. However, with SU-MIMO, there is still a gap to reach the ITU DL requirements in UMi and UMa. With MU-MIMO, the performance can exceed the ITU requirements. The user throughput distributions of SU-MIMO and MU-MIMO for UL and DL in UMa are shown in Figure 1 and Figure 2 in ANNEX 1.
Table 5: Performance in antenna configuration e)

	Minimum technical requirements item
	Category
	ITU

required value
	DL: 8x2
UL: 1x8
SU
	DL: 8x2

UL: 1x8

MU
	Ratio of LTE performance exceed over Required

	
	Scenario
	Direction
	
	
	
	

	Cell average spectral efficiency
(bits/s/Hz/cell)
	Urban Micro
	Downlink
	2.6
	2.43
	3.31
	-7%
	27%

	
	
	Uplink
	1.8
	2.26
	3.17
	25%
	76%

	
	Urban Macro
	Downlink
	2.2
	1.87
	2.73
	-16%
	24%

	
	
	Uplink
	1.4
	1.86
	2.89
	32%
	106%

	
	Rural Macro
	Downlink
	1.1
	2.04
	3.01
	85%
	173%

	
	
	Uplink
	0.7
	1.99
	2.81
	184%
	301%

	Cell edge spectral efficiency
(bits/s/Hz/cell)
	Urban Micro
	Downlink
	0.075
	0.083
	0.087
	10%
	15%

	
	
	Uplink
	0.05
	0.079
	0.089
	57%
	77%

	
	Urban Macro
	Downlink
	0.06
	0.061
	0.064
	1%
	7%

	
	
	Uplink
	0.03
	0.074
	0.088
	146%
	193%

	
	Rural Macro
	Downlink
	0.04
	0.073
	0.079
	82%
	97%

	
	
	Uplink
	0.015
	0.098
	0.124
	553%
	726%


4. Conclusions

· For downlink,  with the 4x2 antenna configuration，LTE-TDD R8 cannot meet the ITU requirements in UMa and UMi.

· For downlink, with the 8x2 dual-polarized antenna configuration, 1–layer beamforming can increase LTE-TDD performance, but there are still some gaps for the ITU requirements in UMi and UMa.
· For downlink, with the 8x2 dual-polarized antenna configuration, MU-MIMO can increase cell spectrum efficiency by about 40% – 50%, and achieve the ITU requirements in all out-door scenarios,. 
· For uplink, for all antenna configurations, R8 performance can meet the ITU requirements in all scenarios.
· With MU-MIMO and the 8x2 dual-polarized antenna configuration, the uplink performance can increase by about 30% – 40% for cell average spectral efficiency and 10% – 20% for cell edge spectral efficiency.
· Comparing antenna configuration a) and d), the performance of 4 dual-polarized antennas is slightly lower than that of 4 co-polarized antennas with large separation.
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Annex1: User throughput Distribution in UMa
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Figure1. DL User Throughput Distribution for SU-MIMO and MU-MIMO in UMa
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Figure2. UL User Throughput Distribution for SU-MIMO and MU-MIMO in UMa
