3GPP TSG RAN WG1 Meeting #80
R1-150059
Athens, Greece, 9th – 13th February, 2015
Agenda Item:
7.2.4.3.1
Source:               Huawei, HiSilicon
Title:
Discussion on MU-MIMO Enhancements for EBF/FD-MIMO
 Document for:
Discussion and decision 
1 Introduction
Due to the space limitation of UE, the number of antennas is no more than 8 for each UE, in general, 1 or 2 antennas are configured for each UE. However, there are {8, 16, 32, 64} TXRUs at the eNB, which means the degrees of freedom for transmission in the spatial domain is up to 64 in the EBF/FD-MIMO. Utilizing the degrees of freedom in the spatial domain efficiently, MU-MIMO is one of the important techniques to improve the spectrum efficiency in the systems as discussed in [1].
In this contribution, we discuss the MU-MIMO related enhancements for EBF/FD-MIMO, including the number of paired layers and MU-CSI feedback issues. 
2 The number of paired layers in MU-MIMO
It is well known that, in the MU-MIMO systems, the frequency resource can be reused for the paired UEs. So with the increase of the number of paired layers in MU-MIMO, the spectrum efficiency can be significant increased. Our preliminary simulation results in [2] have shown the significant performance gain with 4 paired layers. The larger number of antennas at transmitter corresponds to finer granularity of beamforming in spatial domain, which means more UEs can be distinguished and paired. To show the trend of the relationship between antenna configurations, number of paired layers and the cell average gain, we give a preliminary simulation results as follows. 
In the simulation, ideal feedback and full buffer traffic model are assumed. The max number of paired layers is assumed as 4 and 10, which means the number of paired layers in MU-MIMO is no more than 4 and 10 respectively. The total number of UEs in a cell is assumed as 15. For a comparison, the baseline is assumed as 8H1V with Rel-12 codebook and max 2 orthogonal MU pairing layers. The detailed simulation working assumptions are given in the appendix.
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Figure 1 The relationship between antenna configurations, number of paired layers and Cell average gain
The figure on the left hand shows the cell average performance gain in 3D-UMa with ISD 500m and 2GHz, and the right figure shows the cell average performance gain in 3D-UMi with ISD 200m and 2GHz. As shown in Figure 1, we can see that if the number of paired layers is limited as 4, the cell average performance gain is also limited with increasing of the antenna number from 8H2V to 8H4V and 8H8V. However, if the maximum number of paired layers is assumed as 10, the cell average performance gain is significant with increasing antenna number from 8H2V to 8H4V, i.e., 32 antenna ports. With the same antenna configurations, a significant cell average performance gain can be from the increase of the max number of paired UEs, which means more than 4 paired layers will be supported in 8H2V, 8H4V and 8H8V.
Observations:
1. For 8H2V, 27% and 60% performance gain can be obtained with the increase of the maximum number of MU pairing layers from 4 to 10 in UMa and UMi, respectively. 

2. From 8H2V to 8H4V, less than 20% performance gain can be obtained for maximum 4 layers pairing, however, more than 60% gain for maximum 10 layers pairing.

3. In the 8H2V, 8H4V and 8H8V antenna configurations, more than 4 layers can be paired in MU-MIMO systems. 
3 Potential Enhancements in MU Pairing 
Compared to the 2D antenna array, EBF/FD-MIMO provides more degrees of freedom in vertical domain, which is beneficial for enhancing the performance of the UEs in different floors in a high building. With the help of EBF/FD-MIMO, the UEs with different height can be distinguished by the finer beams in vertical domain. Thus, on one hand, more UEs are allowed to be MU paired in EBF/FD-MIMO systems with the consideration of MU pairing in vertical domain. On the other hand, the MU pairing structure can be considered as two parts, one is vertical and another is horizontal. 
It is known that the channel information for a UE in vertical domain varies slower than the horizontal domain, which is due to the lower speed of UEs in the vertical domain. Thus, the CSI for MU pairing in vertical domain is long term information for measurement and feedback, which will be beneficial for reducing the complexity and feedback overhead in MU-MIMO.
Observation:

4. In EBF/FD-MIMO, the MU-pairing can be divided into vertical and horizontal domains, where the complexity and overhead for MU measurement and feedback can be reduced with considering the slower varies in vertical domain. 
4 MU-CSI Feedback and Multiple CSI Processes
Due to the MU-MIMO transmission is based on the SU-CSI feedback from each UE in legacy LTE systems. There exists some performance loss without the MU-pairing information in the MU-MIMO systems. 

In Rel-11 and Rel-12, the mechanism of MU-CSI measurement and feedback, including MU-CQI, MU-PMI, etc., have been discussed several times. Compared to those MU-CSI schemes with standard enhancements, one of the implementation schemes without standard impacts is to reuse the multiple CSI-processes, e.g., A UE can be configured with multiple CSI processes to report SU-CSI and MU-CSI respectively. Thus, to understand the benefits of standard enhancements in MU-CSI, the MU-CSI enhancements should be evaluated and compared with the multiple CSI processes based scheme.
Observation:

5. The MU-CSI enhancements should be compared with the multiple CSI processes based scheme.
5 Conclusions

In this contribution, we provided the views of MU enhancements in 3D-BF/FD-MIMO including the number of MU-paired UEs, potential enhancements of MU pairing and MU-CSI. We have the following observations:

Observation 1: For 8H2V, 27% and 60% performance gain can be obtained with the increase of the maximum number of MU pairing layers from 4 to 10 in UMa and UMi, respectively. 

Observation 2: From 8H2V to 8H4V, less than 20% performance gain can be obtained for maximum 4 layers pairing, however, more than 60% gain for maximum 10 layers pairing.

Observation 3: In the 8H2V, 8H4V and 8H8V antenna configurations, more than 4 layers can be paired in MU-MIMO systems. 

Observation 4: In 3D BF/FD-MIMO, the MU-pairing can be divided into vertical and horizontal domains, where the complexity and overhead for MU measurement and feedback can be reduced with considering the slower varies in vertical domain.

Observation 5: The MU-CSI enhancements should be compared with the multiple CSI processes based scheme.
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Appendix: assumptions for the preliminary simulations
	Parameter
	Value

	Central Frequency
	2GHz

	Traffic model
	Full buffer

	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ spacing separately, θetilt = 102 degrees 

	
	2 Rx at UE with 
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spacing
X-polarized: 0/+90 degrees

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	System Bandwidth
	10MHz (50RBs)

	Scheduler
	PF 

	Number of UEs per cell
	15

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU

	Receiver
	Ideal channel estimation

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 for non-reciprocity operation

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Baseline: Rel-12 8Tx codebook, Others: ideal feedback

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	1 dB
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Simulation Assumptions

		Macro/Micro cell

		Simulation assumptions(2013.3)						2013/10/24

		Scenario		Case ID

				Hetnet scenario		UMA		3D UMa		3D UMi

				Channel model		ITU		3D channel model		3D channel model

		Basic parameters		Center frequency		2GHz		2GHz		2GHz

				Bandwidth		10 MHz		10 MHz		10 MHz

				UE speed		3km/h		3km/h		3km/h

				Control region overhead		3 OFDM symbols/subframe		3 OFDM symbols/subframe		3 OFDM symbols/subframe

				DMRS overhead		Yes		Yes		Yes

				Cell selection		RSRP[Alt.1], 1 dB handover margin		RSRP[Alt.4], 1 dB handover margin		RSRP[Alt.4], 1 dB handover margin

				OLLA		Yes, 10 % target BLER		Yes, 10 % target BLER		Yes, 10 % target BLER

				HARQ		Yes, max 3 retransmissions		Yes, max 3 retransmissions		Yes, max 3 retransmissions

				Traffic_model		Full buffer		Full buffer		Full buffer

				Channel estimation		ideal		ideal		ideal

		UE topo		indoor/outdoor_ratio		0		80%(indoor), 20% (outdoor)		80%(indoor), 20% (outdoor)

				UE_topo_type		3D		3D		3D

				Max_floor_num		on the ground plane		8		8

				floor height		3		3		3

				UE_num_per_cell		15		15		15

		Antenna Config.		Macro_BS_Antenna_num_horizontal		4 / 8		4/8		4

				Macro_BS_Antenna_type		X		X		X

				Macro_BS_Antenna_space		0.5 lambda		0.5 lambda		0.5 lambda

				Macro_UE_Antenna_num		2		2		2

				Macro_UE_Antenna_type		| |		| |		| |

				Macro_UE_Antenna_space		0.5 lambda		0.5 lambda		0.5 lambda

				Macro_Tx_power		46 dBm		46 dBm		41 dBm

		Transmission Config.		Transmission_mode		MU 4 / 10 layer		MU 4 / 10 layer		MU 4 / 10 layer

				Precoding		Ideal beamforming		Ideal beamforming		Ideal beamforming

				Rx_type		MMSE		MMSE		MMSE

				CSI_feedback_mode		PUSCH 3-2		PUSCH 3-2		PUSCH 3-2

				PMI_type		ideal_feedback		ideal_feedback		ideal_feedback

				CSI_feedback_interval		10 ms		10 ms		10 ms

				CSI_feedback_delay		4 ms		4 ms		4 ms

		AAS Config.		Macro_antenna_mtilt		12 degree		0 degree		0 degree

				Macro_antenna_etilt		0 degree as baseline		12 degree		12 degree

				Macro_BS_element_num_vertical		16		16		16

				Macro_BS_port_num_vertical		2 / 4 / 8		2 / 4 / 8		2 / 4 / 8

		Hetnet (proactive cell shaping)

		Simulation assumptions(2013.3)						2013/10/24

		Scenario		Case ID

				Hetnet scenario		Scenario 3		Scenario 3

				Configuration		Configuration 4b: 4 Pico nodes/Macro cell.		Configuration 4b: 4 Pico nodes/Macro cell.

				Channel model		Macro: UMa, Pico: UMi		Macro: 3D UMa, Pico: 3D UMi

		Basic parameters		Center frequency		2GHz		2GHz

				Bandwidth		10 MHz		10 MHz

				UE speed		3km/h		3km/h

				Control region overhead		3 OFDM symbols/subframe		3 OFDM symbols/subframe

				DMRS overhead		Yes		Yes

				Cell selection		RSRP[Alt.1], 1 dB handover margin		RSRP[Alt.1], 1 dB handover margin

				OLLA		Yes, 10 % target BLER		Yes, 10 % target BLER

				HARQ		Yes, max 5 retransmissions		Yes, max 5 retransmissions

				Traffic_model		FTP I, lamda = 1, 2.5		FTP I, lamda = 1, 2.5

				Channel estimation		ideal		ideal

		UE topo		UE distribution		Macro: all the UEs are outdoor UEs; Pico: all the UEs are indoor UEs		Macro: all the UEs are outdoor UEs; Pico: all the UEs are indoor UEs

				UE_topo_type		3D		3D

				Max_floor_num		8 (all the buildings are 8 floors)		The building height is randomly selected from [4, 5, 6, 7, 8]

				floor height		3		3

				UE_num_per_cell		10 UEs/Macro cell, 5 UEs/Pico node,		10 UEs/Macro cell, 5 UEs/Pico node,

		Antenna Config.		Macro_BS_Antenna_num_horizontal		2		2

				Macro_BS_Antenna_type		X		X

				Macro_BS_Antenna_space		0.5 lambda		0.5 lambda

				Macro_Tx_power		46 dBm		46 dBm

				Macro_antenna_etilt		12 degree		12 degree

				Macro_BS_element_num_vertical		8		8

				Macro_BS_port_num_vertical		1		1

				Macro_antenna pattern		?		?

				Pico_Antenna_num_horizontal		2		2

				Pico_Antenna_type		X		X

				Pico_Antenna_space		0.5 lambda		0.5 lambda

				Pico_Tx_power		30 dBm		30 dBm

				Macro_antenna_etilt		0		0

				Pico_element_num_vertical		8		8

				Pico_port_num_vertical		8		8

				Macro_antenna pattern		?		?

				UE_Antenna_num		2		2

				UE_Antenna_type		| |		| |

				UE_Antenna_space		0.5 lambda		0.5 lambda

		Transmission Config.		Transmission_mode		MU 4 / 10 layer		?

				Rx_type		MMSE		?

				CSI_feedback_mode		PUSCH 3-2		?

				PMI_type		ideal_feedback		?

				CSI_feedback_interval		10 ms		?

				CSI_feedback_delay		4 ms		?





Simulation case

				2013.3 (X-pol, 0.5lamda)												2013.10 (X-pol, 0.5lamda, 3D UMa)												2013.10 (X-pol, 0.5lamda, 3D UMi)

						Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)						Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)						Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)						simulation case

				case 1-SU		102.3		0.627								case 1-SU		102.3		0.627								case 1-SU		102.3		0.627

				case 1-MU-2UE												case 1-MU-2UE												case 1-MU-2UE

		Baseline		4x2, 1-1, SU-1 layer		2.03		0.049						Baseline		4x2, 1-1, SU-1 layer		1.8622		0.04115		/		/				4x2, 1-1, SU-1 layer		2.0983		0.0465		/		/

				4x2, 1-1, SU-1~2 layer		2.1		0.047								4x2, 1-1, SU-1~2 layer		1.8761		0.04179		0.75%		1.56%				4x2, 1-1, SU-1~2 layer		2.1741		0.04562		3.61%		-1.89%

				4x2, 1-1,  MU-4 layer		2.41		0.052								4x2, 1-1,  MU-4 layer												4x2, 1-1,  MU-4 layer

				4x2, 1-16, MU-4 layer		2.46		0.021								4x2, 1-16, MU-4 layer												4x2, 1-16, MU-4 layer

				4x2, 2-16, MU-4 layer		3.78		0.069								4x2, 2-16, MU-4 layer		3.5153		0.08568		88.77%		108.21%				4x2, 2-16, MU-4 layer		4.7994		0.09549		128.73%		105.35%				Uma

				4x2, 4-16, MU-4 layer		5.03		0.114								4x2, 4-16, MU-4 layer		4.1973		0.08919		125.39%		116.74%				4x2, 4-16, MU-4 layer		5.5865		0.1059		166.24%		127.74%						4x1, 1-1, SU-2 layer				4x2, 2-16, MU-4 layer		4x4, 4-16, MU-4 layer		4x8, 8-16, MU-4 layer				4x2, 2-16, MU-10 layer		4x4, 4-16, MU-10 layer		4x8, 8-16, MU-10 layer				8x2, 2-16, MU-4 layer		8x4, 4-16, MU-4 layer		8x8, 8-16, MU-4 layer				8x2, 2-16, MU-10 layer		8x4, 4-16, MU-10 layer		8x8, 8-16, MU-10 layer																Downsampling Scheme		Codebook Design		CSI-process		PUSCH3-2

				4x2, 8-16, MU-4 layer		5.35		0.118		163.55%		140.82%				4x2, 8-16, MU-4 layer		4.3334		0.08951		132.70%		117.52%				4x2, 8-16, MU-4 layer		5.9401		0.1117		183.09%		140.22%				1.8622		1.8761				3.5153		4.1973		4.3334				3.5466		4.5963		4.9373				4.9338		5.4467		5.5405				5.6876		7.3891		7.7998														Ericsson		0.8		0.1		0.1		1

				4x2, 1-16, MU-10 layer												4x2, 1-16, MU-10 layer												4x2, 1-16, MU-10 layer												0.04115		0.04179				0.08568		0.08919		0.08951				0.08584		0.09353		0.09364				0.1301		0.1321		0.1315				0.138		0.148		0.1476														Huawei		0.6		1		1		1

				4x2, 2-16, MU-10 layer		3.8		0.069								4x2, 2-16, MU-10 layer		3.5466		0.08584		90.45%		108.60%				4x2, 2-16, MU-10 layer		5.1245		0.09462		144.22%		103.48%						/				87.37%		123.72%		130.98%				89.04%		144.99%		163.17%				162.98%		190.32%		195.32%				203.16%		293.85%		315.75%														NSN		0.4		1		0.1		1

				4x2, 4-16, MU-10 layer		5.73		0.114								4x2, 4-16, MU-10 layer		4.5963		0.09353		146.82%		127.29%				4x2, 4-16, MU-10 layer		7.0901		0.1108		237.90%		138.28%						/				105.03%		113.42%		114.19%				105.41%		123.81%		124.07%				211.32%		216.10%		214.67%				230.22%		254.15%		253.19%														ALU		0.8		0.5		0.1		1

				4x2, 8-16, MU-10 layer		6.5		0.124		220.20%		153.06%				4x2, 8-16, MU-10 layer		4.9373		0.09364		165.13%		127.56%				4x2, 8-16, MU-10 layer		8.3851		0.1166		299.61%		150.75%																																																				Samsung		0.8		0.5		0.1		1

				8x2, 1-16, MU-4 layer		3.68		0.035								8x2, 1-16, MU-4 layer												8x2, 1-16, MU-4 layer																																																												Qualcom		0.6		0.1		1		1

				8x2, 2-16, MU-4 layer		5.38		0.129								8x2, 2-16, MU-4 layer		4.9338		0.1301		164.94%		216.16%				8x2, 2-16, MU-4 layer		6.3794		0.1531		204.03%		229.25%

				8x2, 4-16, MU-4 layer		6.43		0.163								8x2, 4-16, MU-4 layer		5.4467		0.1321		192.49%		221.02%				8x2, 4-16, MU-4 layer		7.0374		0.1626		235.39%		249.68%				Uma

				8x2, 8-16, MU-4 layer		6.6		0.167		225.12%		240.82%				8x2, 8-16, MU-4 layer		5.5405		0.1315		197.52%		219.56%				8x2, 8-16, MU-4 layer		7.3268		0.1694		249.18%		264.30%						4x1, 1-1, SU-2 layer				4x2, 2-16, MU-4 layer		4x4, 4-16, MU-4 layer		4x8, 8-16, MU-4 layer				4x2, 2-16, MU-10 layer		4x4, 4-16, MU-10 layer		4x8, 8-16, MU-10 layer

				8x2, 1-16, MU-10 layer												8x2, 1-16, MU-10 layer												8x2, 1-16, MU-10 layer												2.0983		2.1741				4.7994		5.5865		5.9401				5.1245		7.0901		8.3851

				8x2, 2-16, MU-10 layer		6.29		0.117								8x2, 2-16, MU-10 layer		5.6876		0.138		205.42%		235.36%				8x2, 2-16, MU-10 layer		8.5065		0.1549		305.40%		233.12%				0.0465		0.04562				0.09549		0.1059		0.1117				0.09462		0.1108		0.1166

				8x2, 4-16, MU-10 layer		9.42		0.188		364.04%		283.67%				8x2, 4-16, MU-10 layer		7.3891		0.148		296.79%		259.66%				8x2, 4-16, MU-10 layer		11.3501		0.1808		440.92%		288.82%						/				120.75%		156.96%		173.22%				135.71%		226.12%		285.68%

				8x2, 8-16, MU-10 layer		10.21		0.201		402.96%		310.20%				8x2, 8-16, MU-10 layer		7.7998		0.1476		318.85%		258.69%				8x2, 8-16, MU-10 layer		12.03		0.1984		473.32%		326.67%						/				109.32%		132.14%		144.85%				107.41%		142.88%		155.59%

																16x2,1-8,MU-4layer		5.14		0.1348		176.02%		227.58%				16x2,1-8,MU-4layer		6.792		0.1625		223.69%		249.46%

																16x2,1-8,MU-10layer		5.8909		0.142		216.34%		245.08%				16x2,1-8,MU-10layer		9.1481		0.1648		335.98%		254.41%

		Proactive cell shaping (2013.3)														Proactive cell shaping (2013.10)

				(lamda = 0.2)														(lamda = 0.2)

				RU		5% UPT		50% UPT		Average UPT		95% UPT						RU		5% UPT		50% UPT		Average UPT		95% UPT

				(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]						(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]

		Case1		1.67		3.175		5.195		486.80%		547.90%				Case1

						21.13%		5.47%		7.95%		5.80%

		Case2		1.63		3.175		5.263		490.00%		547.90%				Case2

						21.13%		4.10%		7.24%		5.80%

		Caes3		1.42		3.846		5.479		525.50%		579.70%				Caes3

				(lamda = 1)														(lamda = 1)

				RU		5% UPT		50% UPT		Average UPT		95% UPT						RU		5% UPT		50% UPT		Average UPT		95% UPT

				(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]						(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]

		Case1		12.69		1.498		3.361		350.30%		547.90%				Case1

						63.82%		45.14%		28.60%		4.29%

		Case2		12.29		1.515		3.448		356.20%		547.90%				Case2

						61.98%		41.47%		26.47%		4.29%

		Caes3		8.67		2.454		4.878		450.50%		571.40%				Caes3

				(lamda = 2.5)														(lamda = 2.5)

				RU		5% UPT		50% UPT		Average UPT		95% UPT						RU		5% UPT		50% UPT		Average UPT		95% UPT

				(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]						(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]

		Case1		51.33		0.505		1.626		182.40%		392.20%				Case1

						145.20%		87.79%		101.05%		39.73%

		Case2		47.32		0.565		1.818		199.60%		421.10%				Case2

						119.20%		67.94%		83.69%		30.14%

		Caes3		29.91		1.238		3.053		366.70%		547.90%				Caes3

		Case 1: Neither CRE nor user specific beam forming is used

		Case 2: Only CRE is used.

		Case 3: Both CRE and user specific beam forming is used.
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Simulation case

		



UMa cell-average throughput



update

		

				Uma

						4x2, 1-1, SU-1 layer				4x2, 2-16, MU-4 layer		4x2, 4-16, MU-4 layer		4x2, 8-16, MU-4 layer				UMA 4x2, 2-16, MU-10 layer		UMA 4x2, 4-16, MU-10 layer		UMA 4x2, 8-16, MU-10 layer				8x2, 2-16, MU-4 layer		8x2, 4-16, MU-4 layer		8x2, 8-16, MU-4 layer				UMA 8x2, 2-16, MU-10 layer		UMA 8x2, 4-16, MU-10 layer		UMA 8x2, 8-16, MU-10 layer

						1.8622				3.5153		4.1973		4.3334				3.5466		4.5963		4.9373				4.9338		5.4467		5.5405				5.6876		7.3891		7.7998

						0.04115				0.08568		0.08919		0.08951				0.08584		0.09353		0.09364				0.1301		0.1321		0.1315				0.138		0.148		0.1476

						/				88.77%		125.39%		132.70%				90.45%		146.82%		165.13%				164.94%		192.49%		197.52%				205.42%		296.79%		318.85%

						/				108.21%		116.74%		117.52%				108.60%		127.29%		127.56%				216.16%		221.02%		219.56%				235.36%		259.66%		258.69%

				Umi

						4x2, 1-1, SU-1 layer				4x2, 2-16, MU-4 layer		4x2, 4-16, MU-4 layer		4x2, 8-16, MU-4 layer				UMI 4x2, 2-16, MU-10 layer		UMI 4x2, 4-16, MU-10 layer		UMI 4x2, 8-16, MU-10 layer

						2.0983				4.7994		5.5865		5.9401				5.1245		7.0901		8.3851

						0.0465				0.09549		0.1059		0.1117				0.09462		0.1108		0.1166

						/				128.73%		166.24%		183.09%				144.22%		237.90%		299.61%

						/				105.35%		127.74%		140.22%				103.48%		138.28%		150.75%

				lamda = 1		5% UPT		50% UPT		Avg. UPT		95% UPT						Avg. UPT		95% UPT

				Lamda = 1		40%		43%		28%		7%						28%		7%

				Lamda = 2.5		56%		63%		59%		37%						59%		37%

				Lamda = 4		40%		76%		71%		72%						71%		72%



+ 163.17%

+130.98%

UMa cell-edge throughput

+114.19%

+ 124.07%

UMa cell-average throughput

+ 315.75%

+195.32%

UMa cell-edge throughput

+214.67%

+ 253.19%

UMi cell-average throughput

+ 285.68%

+173.22%

UMi cell-edge throughput

+144.85%

+ 155.59%

Ericsson

Huawei

NSN

ALU

Samsung

Qualcom



update

		



UMA 4x2, 2-16, MU-10 layer

UMA 4x2, 4-16, MU-10 layer

UMA 4x2, 8-16, MU-10 layer

UMA 8x2, 2-16, MU-10 layer

UMA 8x2, 4-16, MU-10 layer

UMA 8x2, 8-16, MU-10 layer

UMI 4x2, 2-16, MU-10 layer

UMI 4x2, 4-16, MU-10 layer

UMI 4x2, 8-16, MU-10 layer

Cell  average throughput gain vs. 4x2 SU layer 1

Cell  edge throughput gain vs. 4x2 SU layer

(90.45%, 108.60%)

(146.82%, 127.29%)

(165.13%, 127.56%)

(205.43%,235.36%)

(296.79%,259.66%)

(318.85%,258.69%)

(144.22%, 103.48%)

(237.90%, 138.28%)

(299.61%,150.75%)



Sheet3

		Lamda = 1		Lamda = 1		Lamda = 1		Lamda = 1

		Lamda = 2.5		Lamda = 2.5		Lamda = 2.5		Lamda = 2.5

		Lamda = 4		Lamda = 4		Lamda = 4		Lamda = 4



5% UPT

50% UPT

Avg. UPT

95% UPT

Traffic load

Gain vs. No CRE

Cell shaping performance gain

0.4017155111

0.4287428743

0.2776801406

0.0725254394

0.5623762376

0.6272117145

0.5884279476

0.36975

0.402640264

0.7567298106

0.7111472742

0.7247326664



2014.04.08(for Rel-13 workshop)

		2013.10 (X-pol, 0.5lamda, 3D UMa)												2013.10 (X-pol, 0.5lamda, 3D UMi)

				Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)						Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)

		case 1-SU		102.3		0.627								case 1-SU		102.3		0.627

		case 1-MU-2UE												case 1-MU-2UE

		4x2, 1-1, SU-1 layer		1.8622		0.04115		/		/				4x2, 1-1, SU-1 layer		2.0983		0.0465		/		/

		4x2, 1-1, SU-1~2 layer		1.8761		0.04179		0.75%		1.56%				4x2, 1-1, SU-1~2 layer		2.1741		0.04562		3.61%		-1.89%

		4x2, 1-1,  MU-4 layer												4x2, 1-1,  MU-4 layer

		4x2, 1-16, MU-4 layer												4x2, 1-16, MU-4 layer

		4x2, 2-16, MU-4 layer		3.5153		0.08568		88.77%		108.21%				4x2, 2-16, MU-4 layer		4.7994		0.09549		128.73%		105.35%

		4x2, 4-16, MU-4 layer		4.1973		0.08919		125.39%		116.74%				4x2, 4-16, MU-4 layer		5.5865		0.1059		166.24%		127.74%

		4x2, 8-16, MU-4 layer		4.3334		0.08951		132.70%		117.52%				4x2, 8-16, MU-4 layer		5.9401		0.1117		183.09%		140.22%

		4x2, 1-16, MU-10 layer												4x2, 1-16, MU-10 layer

		4x2, 2-16, MU-10 layer		3.5466		0.08584		90.45%		108.60%				4x2, 2-16, MU-10 layer		5.1245		0.09462		144.22%		103.48%

		4x2, 4-16, MU-10 layer		4.5963		0.09353		146.82%		127.29%				4x2, 4-16, MU-10 layer		7.0901		0.1108		237.90%		138.28%

		4x2, 8-16, MU-10 layer		4.9373		0.09364		165.13%		127.56%				4x2, 8-16, MU-10 layer		8.3851		0.1166		299.61%		150.75%

		8x2, 1-16, MU-4 layer												8x2, 1-16, MU-4 layer

		8x2, 2-16, MU-4 layer		4.9338		0.1301		164.94%		216.16%				8x2, 2-16, MU-4 layer		6.3794		0.1531		204.03%		229.25%

		8x2, 4-16, MU-4 layer		5.4467		0.1321		192.49%		221.02%				8x2, 4-16, MU-4 layer		7.0374		0.1626		235.39%		249.68%

		8x2, 8-16, MU-4 layer		5.5405		0.1315		197.52%		219.56%				8x2, 8-16, MU-4 layer		7.3268		0.1694		249.18%		264.30%

		8x2, 1-16, MU-10 layer												8x2, 1-16, MU-10 layer

		8x2, 2-16, MU-10 layer		5.6876		0.138		205.42%		235.36%				8x2, 2-16, MU-10 layer		8.5065		0.1549		305.40%		233.12%

		8x2, 4-16, MU-10 layer		7.3891		0.148		296.79%		259.66%				8x2, 4-16, MU-10 layer		11.3501		0.1808		440.92%		288.82%

		8x2, 8-16, MU-10 layer		7.7998		0.1476		318.85%		258.69%				8x2, 8-16, MU-10 layer		12.03		0.1984		473.32%		326.67%

		16x2,1-8,MU-4layer		5.14		0.1348		176.02%		227.58%				16x2,1-8,MU-4layer		6.792		0.1625		223.69%		249.46%

		16x2,1-8,MU-10layer		5.8909		0.142		216.34%		245.08%				16x2,1-8,MU-10layer		9.1481		0.1648		335.98%		254.41%

																						Uma		8H1V, SU-Rank adpt.		4H1V, SU-Rank adpt.		4H4V, MU-4 layer		8H2V, MU-4 layer		16H1V, MU-4 layer		8H4V, MU-4 layer		8H8V, MU-4 layer				4H4V, MU-10 layer		8H2V, MU-10 layer		16H1V, MU-10 layer		8H4V, MU-10 layer		8H8V, MU-10 layer

																								2.7506		1.8761		4.1973		4.9338		5.14		5.4467		5.5405				4.5963		5.6876		5.8909		7.3891		7.7998

																								0.06908		0.04179		0.08919		0.1301		0.1348		0.1321		0.1315				0.09353		0.138		0.142		0.148		0.1476

																								/		/		52.60%		79.37%		86.87%		98.02%		101.43%				67.10%		106.78%		114.17%		168.64%		183.57%

																								/		/		29.11%		88.33%		95.14%		91.23%		90.36%				35.39%		99.77%		105.56%		114.24%		113.67%

																						Umi		8H1V, SU-Rank adpt.		4H1V, SU-Rank adpt.		4H4V, MU-4 layer		8H2V, MU-4 layer		16H1V, MU-4 layer		8H4V, MU-4 layer		8H8V, MU-4 layer				4H4V, MU-10 layer		8H2V, MU-10 layer		16H1V, MU-10 layer		8H4V, MU-10 layer		8H8V, MU-10 layer

																								3.2385		2.1741		5.5865		6.3794		6.792		7.0374		7.3268				7.0901		8.5065		9.1481		11.3501		12.03

																								0.07523		0.04562		0.1059		0.1531		0.1625		0.1626		0.1694				0.1108		0.1549		0.1648		0.1808		0.1984

																								/		/		72.50%		96.99%		109.73%		117.30%		126.24%				118.93%		162.67%		182.48%		250.47%		271.47%

																								/		/		40.77%		103.51%		116.00%		116.14%		125.18%				47.28%		105.90%		119.06%		140.33%		163.72%





2014.04.08(for Rel-13 workshop)

		



Uma cell average



		



Umi cell average

Uma cell edge



		



Umi cell average



		



Umi cell edge



		



Uma cell average

Cell Average Gain in UMa



		Channel model is based on the version in October 2013

						Uma

								2-layer		4-layer		4-layer		4-layer				10-layer		10-layer		10-layer						2-layer		4-layer		4-layer				10-layer		10-layer

								  4H1V (Rel-10 codebook, 2-layer)		4H2V(4-layer)		4H4V(4-layer)		4H8V(4-layer)				4H2V(10-layer)		4H4V(10-layer)		4H8V(10-layer)						  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)				8H2V(10layer)		8H4V(10layer)

						cell average		2.1007		3.5153		4.1973		4.3334				3.5466		4.5963		4.9373				cell average		2.7506		4.9338		5.4467				5.6876		7.3891

						cell edge		0.05761		0.08568		0.08919		0.08951				0.08584		0.09353		0.09364				cell edge		0.06908		0.1301		0.1321				0.138		0.148

						Ave.gain		0		67.34%		99.80%		106.28%				68.83%		118.80%		135.03%				Ave.gain		0		79.37%		98.02%				106.78%		168.64%

						Edge		0		48.72%		54.82%		55.37%				49.00%		62.35%		62.54%				Edge		0		88.33%		91.23%				99.77%		114.24%

						Umi

								2-layer		4-layer		4-layer		4-layer				10-layer		10-layer		10-layer						2-layer		4-layer		4-layer				10-layer		10-layer

								  4H1V (Rel-10 codebook)		4H2V(4layer)		4H4V(4layer)		4H8V(4layer)				4H2V(10layer)		4H4V(10layer)		4H8V(10layer)						  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)				8H2V(10layer)		8H4V(10layer)

						cell average		2.5291		4.7994		5.5865		5.9401				5.1245		7.0901		8.3851				cell average		3.2385		6.3794		7.0374				8.5065		11.3501

						cell edge		0.05543		0.0955		0.1059		0.1117				0.09462		0.1108		0.1166				cell edge		0.07523		0.1531		0.1626				0.1549		0.1808

						Ave.gain		0		89.77%		120.89%		134.87%				102.62%		180.34%		231.54%				Ave.gain		0		96.99%		117.30%				162.67%		250.47%

						Edge		0		72.29%		91.05%		101.52%				70.70%		99.89%		110.36%				Edge		0		103.51%		116.14%				105.90%		140.33%

						Uma

								2-layer		4-layer		4-layer		4-layer				10-layer		10-layer		10-layer						2-layer		4-layer		4-layer				10-layer		10-layer

								  4H1V (Rel-10 codebook)		4H2V		4H4V		4H8V				4H2V(10-layer)		4H4V(10-layer)		4H8V(10-layer)						  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)				8H2V(10layer)		8H4V(10layer)

						cell average		2.1007		3.5153		4.1973		4.3334				3.5466		4.5963		4.9373				cell average		2.7506		4.9338		5.4467				5.6876		7.3891

						cell edge		0.05761		0.08568		0.08919		0.08951				0.08584		0.09353		0.09364				cell edge		0.06908		0.1301		0.1321				0.138		0.148

						Ave.gain		0		67.34%		99.80%		106.28%				68.83%		118.80%		135.03%				Ave.gain		0		79.37%		98.02%				106.78%		168.64%

						Edge		0		48.72%		54.82%		55.37%				49.00%		62.35%		62.54%				Edge		0		88.33%		91.23%				99.77%		114.24%

						Umi

								2-layer		4-layer		4-layer		4-layer				10-layer		10-layer		10-layer						2-layer		4-layer		4-layer				10-layer		10-layer

								  4H1V (Rel-10 codebook)		4H2V(4layer)		4H4V(4layer)		4H8V(4layer)				4H2V(10layer)		4H4V(10layer)		4H8V(10layer)						  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)				8H2V(10layer)		8H4V(10layer)

						cell average		2.5291		4.7994		5.5865		5.9401				5.1245		7.0901		8.3851				cell average		3.2385		6.3794		7.0374				8.5065		11.3501

						cell edge		0.05543		0.0955		0.1059		0.1117				0.09462		0.1108		0.1166				cell edge		0.07523		0.1531		0.1626				0.1549		0.1808

						Ave.gain		0		89.77%		120.89%		134.87%				102.62%		180.34%		231.54%				Ave.gain		0		96.99%		117.30%				162.67%		250.47%

						Edge		0		72.29%		91.05%		101.52%				70.70%		99.89%		110.36%				Edge		0		103.51%		116.14%				105.90%		140.33%

								  4H1V (Rel-10 codebook)		4H2V		4H4V		4H8V				  4H1V (Rel-10 codebook)		4H2V		4H4V		4H8V

						3D UMa		0		67.34%		99.80%		106.28%				0		48.72%		54.82%		55.37%

						3D UMi		0		89.77%		120.89%		134.87%				0		72.29%		91.05%		101.52%

								  8H1V (Rel-10 codebook)		8H2V		8H4V				  8H1V (Rel-10 codebook)		8H2V		8H4V

						3D UMa		0		79.37%		98.02%				0		88.33%		91.23%

						3D UMi		0		96.99%		117.30%				0		103.51%		116.14%

								  4H1V (Rel-10 )		4H2V		4H4V		8H8V				  4H1V (Rel-10 )		4H2V		4H4V		8H8V

						3D UMa		0		67.34%		99.80%		271.30%				0		48.72%		54.82%		156.21%

						3D UMi		0		89.77%		120.89%		375.66%				0		72.29%		91.05%		257.93%

								2-layer		4-layer		4-layer		4-layer						2-layer		4-layer		4-layer		4-layer

								  4H1V (Rel-10 codebook, 2-layer)		4H2V(4-layer)		4H4V(4-layer)		8H8V(10-layer)						  4H1V (Rel-10 codebook)		4H2V(4layer)		4H4V(4layer)		4H8V(4layer)

						cell average		2.1007		3.5153		4.1973		7.7998				cell average		2.5291		4.7994		5.5865		12.03

						cell edge		0.05761		0.08568		0.08919		0.1476				cell edge		0.05543		0.0955		0.1059		0.1984

								2-layer		4-layer		4-layer								10-layer		10-layer

								  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)		8H8V(4layer)						8H2V(10layer)		8H4V(10layer)		8H8V(10layer)

						cell average		2.7506		4.9338		5.4467		5.5405						5.6876		7.3891		7.7998

						cell edge		0.06908		0.1301		0.1321		0.1315						0.138		0.148		0.1476

						4layers

								 8H1V (Rel-10)		8H2V		8H4V		8H8V				  8H1V (Rel-10)		8H2V		8H4V		8H8V

						3D UMa		0		79.37%		98.02%		101.43%				0		88.33%		91.23%

						3D UMi		0		96.99%		117.30%						0		103.51%		116.14%

														7.7998										0.1476

														2.7506										0.06908

																2.7506

																0.06908

						4layers		2layers		4layers		4layers		10layers

								 8H1V (Rel-10)		8H2V		8H4V		8H8V				  8H1V (Rel-10)		8H2V		8H4V		8H8V

						3D UMa		0		79.37%		98.02%		183.57%				0		88.33%		91.23%		113.67%

						3D UMi		0		96.99%		117.30%		271.47%				0		103.51%		116.14%		163.72%





		





		





		





		





		





		





		





		





		





		



Cell average SE

Cell edge SE

Cell average SE

Cell edge SE

3D-UMa

Cell average SE

Cell edge SE

3D-UMi

3D UMa



		



3D UMi



		



3D UMa



		



Cell edge SE

Cell average SE

3D UMi

Cell edge SE

Cell average SE

3D UMa

3D UMi



Cell average SE

3D UMa

3D UMa

Cell edge SE

Cell average SE

3D UMi

3D UMi

Cell average SE

Cell edge SE

Cell edge SE

Cell average SE

3D-UMa

Cell average SE

Cell edge SE
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Chart6

		8H2V, MU-4 layer

		8H4V, MU-4 layer

		8H8V, MU-4 layer

		8H2V, MU-10 layer

		8H4V, MU-10 layer

		8H8V, MU-10 layer



Umi cell average

Cell Average Gain in UMi

0.9698625907

1.1730430755

1.2624054346

1.6266790181

2.5047398487

2.7146827235



Simulation Assumptions

		Macro/Micro cell

		Simulation assumptions(2013.3)						2013/10/24

		Scenario		Case ID

				Hetnet scenario		UMA		3D UMa		3D UMi

				Channel model		ITU		3D channel model		3D channel model

		Basic parameters		Center frequency		2GHz		2GHz		2GHz

				Bandwidth		10 MHz		10 MHz		10 MHz

				UE speed		3km/h		3km/h		3km/h

				Control region overhead		3 OFDM symbols/subframe		3 OFDM symbols/subframe		3 OFDM symbols/subframe

				DMRS overhead		Yes		Yes		Yes

				Cell selection		RSRP[Alt.1], 1 dB handover margin		RSRP[Alt.4], 1 dB handover margin		RSRP[Alt.4], 1 dB handover margin

				OLLA		Yes, 10 % target BLER		Yes, 10 % target BLER		Yes, 10 % target BLER

				HARQ		Yes, max 3 retransmissions		Yes, max 3 retransmissions		Yes, max 3 retransmissions

				Traffic_model		Full buffer		Full buffer		Full buffer

				Channel estimation		ideal		ideal		ideal

		UE topo		indoor/outdoor_ratio		0		80%(indoor), 20% (outdoor)		80%(indoor), 20% (outdoor)

				UE_topo_type		3D		3D		3D

				Max_floor_num		on the ground plane		8		8

				floor height		3		3		3

				UE_num_per_cell		15		15		15

		Antenna Config.		Macro_BS_Antenna_num_horizontal		4 / 8		4/8		4

				Macro_BS_Antenna_type		X		X		X

				Macro_BS_Antenna_space		0.5 lambda		0.5 lambda		0.5 lambda

				Macro_UE_Antenna_num		2		2		2

				Macro_UE_Antenna_type		| |		| |		| |

				Macro_UE_Antenna_space		0.5 lambda		0.5 lambda		0.5 lambda

				Macro_Tx_power		46 dBm		46 dBm		41 dBm

		Transmission Config.		Transmission_mode		MU 4 / 10 layer		MU 4 / 10 layer		MU 4 / 10 layer

				Precoding		Ideal beamforming		Ideal beamforming		Ideal beamforming

				Rx_type		MMSE		MMSE		MMSE

				CSI_feedback_mode		PUSCH 3-2		PUSCH 3-2		PUSCH 3-2

				PMI_type		ideal_feedback		ideal_feedback		ideal_feedback

				CSI_feedback_interval		10 ms		10 ms		10 ms

				CSI_feedback_delay		4 ms		4 ms		4 ms

		AAS Config.		Macro_antenna_mtilt		12 degree		0 degree		0 degree

				Macro_antenna_etilt		0 degree as baseline		12 degree		12 degree

				Macro_BS_element_num_vertical		16		16		16

				Macro_BS_port_num_vertical		2 / 4 / 8		2 / 4 / 8		2 / 4 / 8

		Hetnet (proactive cell shaping)

		Simulation assumptions(2013.3)						2013/10/24

		Scenario		Case ID

				Hetnet scenario		Scenario 3		Scenario 3

				Configuration		Configuration 4b: 4 Pico nodes/Macro cell.		Configuration 4b: 4 Pico nodes/Macro cell.

				Channel model		Macro: UMa, Pico: UMi		Macro: 3D UMa, Pico: 3D UMi

		Basic parameters		Center frequency		2GHz		2GHz

				Bandwidth		10 MHz		10 MHz

				UE speed		3km/h		3km/h

				Control region overhead		3 OFDM symbols/subframe		3 OFDM symbols/subframe

				DMRS overhead		Yes		Yes

				Cell selection		RSRP[Alt.1], 1 dB handover margin		RSRP[Alt.1], 1 dB handover margin

				OLLA		Yes, 10 % target BLER		Yes, 10 % target BLER

				HARQ		Yes, max 5 retransmissions		Yes, max 5 retransmissions

				Traffic_model		FTP I, lamda = 1, 2.5		FTP I, lamda = 1, 2.5

				Channel estimation		ideal		ideal

		UE topo		UE distribution		Macro: all the UEs are outdoor UEs; Pico: all the UEs are indoor UEs		Macro: all the UEs are outdoor UEs; Pico: all the UEs are indoor UEs

				UE_topo_type		3D		3D

				Max_floor_num		8 (all the buildings are 8 floors)		The building height is randomly selected from [4, 5, 6, 7, 8]

				floor height		3		3

				UE_num_per_cell		10 UEs/Macro cell, 5 UEs/Pico node,		10 UEs/Macro cell, 5 UEs/Pico node,

		Antenna Config.		Macro_BS_Antenna_num_horizontal		2		2

				Macro_BS_Antenna_type		X		X

				Macro_BS_Antenna_space		0.5 lambda		0.5 lambda

				Macro_Tx_power		46 dBm		46 dBm

				Macro_antenna_etilt		12 degree		12 degree

				Macro_BS_element_num_vertical		8		8

				Macro_BS_port_num_vertical		1		1

				Macro_antenna pattern		?		?

				Pico_Antenna_num_horizontal		2		2

				Pico_Antenna_type		X		X

				Pico_Antenna_space		0.5 lambda		0.5 lambda

				Pico_Tx_power		30 dBm		30 dBm

				Macro_antenna_etilt		0		0

				Pico_element_num_vertical		8		8

				Pico_port_num_vertical		8		8

				Macro_antenna pattern		?		?

				UE_Antenna_num		2		2

				UE_Antenna_type		| |		| |

				UE_Antenna_space		0.5 lambda		0.5 lambda

		Transmission Config.		Transmission_mode		MU 4 / 10 layer		?

				Rx_type		MMSE		?

				CSI_feedback_mode		PUSCH 3-2		?

				PMI_type		ideal_feedback		?

				CSI_feedback_interval		10 ms		?

				CSI_feedback_delay		4 ms		?





Simulation case

				2013.3 (X-pol, 0.5lamda)												2013.10 (X-pol, 0.5lamda, 3D UMa)												2013.10 (X-pol, 0.5lamda, 3D UMi)

						Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)						Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)						Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)						simulation case

				case 1-SU		102.3		0.627								case 1-SU		102.3		0.627								case 1-SU		102.3		0.627

				case 1-MU-2UE												case 1-MU-2UE												case 1-MU-2UE

		Baseline		4x2, 1-1, SU-1 layer		2.03		0.049						Baseline		4x2, 1-1, SU-1 layer		1.8622		0.04115		/		/				4x2, 1-1, SU-1 layer		2.0983		0.0465		/		/

				4x2, 1-1, SU-1~2 layer		2.1		0.047								4x2, 1-1, SU-1~2 layer		1.8761		0.04179		0.75%		1.56%				4x2, 1-1, SU-1~2 layer		2.1741		0.04562		3.61%		-1.89%

				4x2, 1-1,  MU-4 layer		2.41		0.052								4x2, 1-1,  MU-4 layer												4x2, 1-1,  MU-4 layer

				4x2, 1-16, MU-4 layer		2.46		0.021								4x2, 1-16, MU-4 layer												4x2, 1-16, MU-4 layer

				4x2, 2-16, MU-4 layer		3.78		0.069								4x2, 2-16, MU-4 layer		3.5153		0.08568		88.77%		108.21%				4x2, 2-16, MU-4 layer		4.7994		0.09549		128.73%		105.35%				Uma

				4x2, 4-16, MU-4 layer		5.03		0.114								4x2, 4-16, MU-4 layer		4.1973		0.08919		125.39%		116.74%				4x2, 4-16, MU-4 layer		5.5865		0.1059		166.24%		127.74%						4x1, 1-1, SU-2 layer				4x2, 2-16, MU-4 layer		4x4, 4-16, MU-4 layer		4x8, 8-16, MU-4 layer				4x2, 2-16, MU-10 layer		4x4, 4-16, MU-10 layer		4x8, 8-16, MU-10 layer				8x2, 2-16, MU-4 layer		8x4, 4-16, MU-4 layer		8x8, 8-16, MU-4 layer				8x2, 2-16, MU-10 layer		8x4, 4-16, MU-10 layer		8x8, 8-16, MU-10 layer																Downsampling Scheme		Codebook Design		CSI-process		PUSCH3-2

				4x2, 8-16, MU-4 layer		5.35		0.118		163.55%		140.82%				4x2, 8-16, MU-4 layer		4.3334		0.08951		132.70%		117.52%				4x2, 8-16, MU-4 layer		5.9401		0.1117		183.09%		140.22%				1.8622		1.8761				3.5153		4.1973		4.3334				3.5466		4.5963		4.9373				4.9338		5.4467		5.5405				5.6876		7.3891		7.7998														Ericsson		0.8		0.1		0.1		1

				4x2, 1-16, MU-10 layer												4x2, 1-16, MU-10 layer												4x2, 1-16, MU-10 layer												0.04115		0.04179				0.08568		0.08919		0.08951				0.08584		0.09353		0.09364				0.1301		0.1321		0.1315				0.138		0.148		0.1476														Huawei		0.6		1		1		1

				4x2, 2-16, MU-10 layer		3.8		0.069								4x2, 2-16, MU-10 layer		3.5466		0.08584		90.45%		108.60%				4x2, 2-16, MU-10 layer		5.1245		0.09462		144.22%		103.48%						/				87.37%		123.72%		130.98%				89.04%		144.99%		163.17%				162.98%		190.32%		195.32%				203.16%		293.85%		315.75%														NSN		0.4		1		0.1		1

				4x2, 4-16, MU-10 layer		5.73		0.114								4x2, 4-16, MU-10 layer		4.5963		0.09353		146.82%		127.29%				4x2, 4-16, MU-10 layer		7.0901		0.1108		237.90%		138.28%						/				105.03%		113.42%		114.19%				105.41%		123.81%		124.07%				211.32%		216.10%		214.67%				230.22%		254.15%		253.19%														ALU		0.8		0.5		0.1		1

				4x2, 8-16, MU-10 layer		6.5		0.124		220.20%		153.06%				4x2, 8-16, MU-10 layer		4.9373		0.09364		165.13%		127.56%				4x2, 8-16, MU-10 layer		8.3851		0.1166		299.61%		150.75%																																																				Samsung		0.8		0.5		0.1		1

				8x2, 1-16, MU-4 layer		3.68		0.035								8x2, 1-16, MU-4 layer												8x2, 1-16, MU-4 layer																																																												Qualcom		0.6		0.1		1		1

				8x2, 2-16, MU-4 layer		5.38		0.129								8x2, 2-16, MU-4 layer		4.9338		0.1301		164.94%		216.16%				8x2, 2-16, MU-4 layer		6.3794		0.1531		204.03%		229.25%

				8x2, 4-16, MU-4 layer		6.43		0.163								8x2, 4-16, MU-4 layer		5.4467		0.1321		192.49%		221.02%				8x2, 4-16, MU-4 layer		7.0374		0.1626		235.39%		249.68%				Uma

				8x2, 8-16, MU-4 layer		6.6		0.167		225.12%		240.82%				8x2, 8-16, MU-4 layer		5.5405		0.1315		197.52%		219.56%				8x2, 8-16, MU-4 layer		7.3268		0.1694		249.18%		264.30%						4x1, 1-1, SU-2 layer				4x2, 2-16, MU-4 layer		4x4, 4-16, MU-4 layer		4x8, 8-16, MU-4 layer				4x2, 2-16, MU-10 layer		4x4, 4-16, MU-10 layer		4x8, 8-16, MU-10 layer

				8x2, 1-16, MU-10 layer												8x2, 1-16, MU-10 layer												8x2, 1-16, MU-10 layer												2.0983		2.1741				4.7994		5.5865		5.9401				5.1245		7.0901		8.3851

				8x2, 2-16, MU-10 layer		6.29		0.117								8x2, 2-16, MU-10 layer		5.6876		0.138		205.42%		235.36%				8x2, 2-16, MU-10 layer		8.5065		0.1549		305.40%		233.12%				0.0465		0.04562				0.09549		0.1059		0.1117				0.09462		0.1108		0.1166

				8x2, 4-16, MU-10 layer		9.42		0.188		364.04%		283.67%				8x2, 4-16, MU-10 layer		7.3891		0.148		296.79%		259.66%				8x2, 4-16, MU-10 layer		11.3501		0.1808		440.92%		288.82%						/				120.75%		156.96%		173.22%				135.71%		226.12%		285.68%

				8x2, 8-16, MU-10 layer		10.21		0.201		402.96%		310.20%				8x2, 8-16, MU-10 layer		7.7998		0.1476		318.85%		258.69%				8x2, 8-16, MU-10 layer		12.03		0.1984		473.32%		326.67%						/				109.32%		132.14%		144.85%				107.41%		142.88%		155.59%

																16x2,1-8,MU-4layer		5.14		0.1348		176.02%		227.58%				16x2,1-8,MU-4layer		6.792		0.1625		223.69%		249.46%

																16x2,1-8,MU-10layer		5.8909		0.142		216.34%		245.08%				16x2,1-8,MU-10layer		9.1481		0.1648		335.98%		254.41%

		Proactive cell shaping (2013.3)														Proactive cell shaping (2013.10)

				(lamda = 0.2)														(lamda = 0.2)

				RU		5% UPT		50% UPT		Average UPT		95% UPT						RU		5% UPT		50% UPT		Average UPT		95% UPT

				(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]						(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]

		Case1		1.67		3.175		5.195		486.80%		547.90%				Case1

						21.13%		5.47%		7.95%		5.80%

		Case2		1.63		3.175		5.263		490.00%		547.90%				Case2

						21.13%		4.10%		7.24%		5.80%

		Caes3		1.42		3.846		5.479		525.50%		579.70%				Caes3

				(lamda = 1)														(lamda = 1)

				RU		5% UPT		50% UPT		Average UPT		95% UPT						RU		5% UPT		50% UPT		Average UPT		95% UPT

				(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]						(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]

		Case1		12.69		1.498		3.361		350.30%		547.90%				Case1

						63.82%		45.14%		28.60%		4.29%

		Case2		12.29		1.515		3.448		356.20%		547.90%				Case2

						61.98%		41.47%		26.47%		4.29%

		Caes3		8.67		2.454		4.878		450.50%		571.40%				Caes3

				(lamda = 2.5)														(lamda = 2.5)

				RU		5% UPT		50% UPT		Average UPT		95% UPT						RU		5% UPT		50% UPT		Average UPT		95% UPT

				(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]						(%)		[bps/Hz]		[bps/Hz]		[bps/Hz]		[bps/Hz]

		Case1		51.33		0.505		1.626		182.40%		392.20%				Case1

						145.20%		87.79%		101.05%		39.73%

		Case2		47.32		0.565		1.818		199.60%		421.10%				Case2

						119.20%		67.94%		83.69%		30.14%

		Caes3		29.91		1.238		3.053		366.70%		547.90%				Caes3

		Case 1: Neither CRE nor user specific beam forming is used

		Case 2: Only CRE is used.

		Case 3: Both CRE and user specific beam forming is used.
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Simulation case

		



UMa cell-average throughput



update

		

				Uma

						4x2, 1-1, SU-1 layer				4x2, 2-16, MU-4 layer		4x2, 4-16, MU-4 layer		4x2, 8-16, MU-4 layer				UMA 4x2, 2-16, MU-10 layer		UMA 4x2, 4-16, MU-10 layer		UMA 4x2, 8-16, MU-10 layer				8x2, 2-16, MU-4 layer		8x2, 4-16, MU-4 layer		8x2, 8-16, MU-4 layer				UMA 8x2, 2-16, MU-10 layer		UMA 8x2, 4-16, MU-10 layer		UMA 8x2, 8-16, MU-10 layer

						1.8622				3.5153		4.1973		4.3334				3.5466		4.5963		4.9373				4.9338		5.4467		5.5405				5.6876		7.3891		7.7998

						0.04115				0.08568		0.08919		0.08951				0.08584		0.09353		0.09364				0.1301		0.1321		0.1315				0.138		0.148		0.1476

						/				88.77%		125.39%		132.70%				90.45%		146.82%		165.13%				164.94%		192.49%		197.52%				205.42%		296.79%		318.85%

						/				108.21%		116.74%		117.52%				108.60%		127.29%		127.56%				216.16%		221.02%		219.56%				235.36%		259.66%		258.69%

				Umi

						4x2, 1-1, SU-1 layer				4x2, 2-16, MU-4 layer		4x2, 4-16, MU-4 layer		4x2, 8-16, MU-4 layer				UMI 4x2, 2-16, MU-10 layer		UMI 4x2, 4-16, MU-10 layer		UMI 4x2, 8-16, MU-10 layer

						2.0983				4.7994		5.5865		5.9401				5.1245		7.0901		8.3851

						0.0465				0.09549		0.1059		0.1117				0.09462		0.1108		0.1166

						/				128.73%		166.24%		183.09%				144.22%		237.90%		299.61%

						/				105.35%		127.74%		140.22%				103.48%		138.28%		150.75%

				lamda = 1		5% UPT		50% UPT		Avg. UPT		95% UPT						Avg. UPT		95% UPT

				Lamda = 1		40%		43%		28%		7%						28%		7%

				Lamda = 2.5		56%		63%		59%		37%						59%		37%

				Lamda = 4		40%		76%		71%		72%						71%		72%



+ 163.17%

+130.98%

UMa cell-edge throughput

+114.19%

+ 124.07%

UMa cell-average throughput

+ 315.75%

+195.32%

UMa cell-edge throughput

+214.67%

+ 253.19%

UMi cell-average throughput

+ 285.68%

+173.22%

UMi cell-edge throughput

+144.85%

+ 155.59%

Ericsson

Huawei

NSN

ALU

Samsung

Qualcom



update

		



UMA 4x2, 2-16, MU-10 layer

UMA 4x2, 4-16, MU-10 layer

UMA 4x2, 8-16, MU-10 layer

UMA 8x2, 2-16, MU-10 layer

UMA 8x2, 4-16, MU-10 layer

UMA 8x2, 8-16, MU-10 layer

UMI 4x2, 2-16, MU-10 layer

UMI 4x2, 4-16, MU-10 layer

UMI 4x2, 8-16, MU-10 layer

Cell  average throughput gain vs. 4x2 SU layer 1

Cell  edge throughput gain vs. 4x2 SU layer

(90.45%, 108.60%)

(146.82%, 127.29%)

(165.13%, 127.56%)

(205.43%,235.36%)

(296.79%,259.66%)

(318.85%,258.69%)

(144.22%, 103.48%)

(237.90%, 138.28%)

(299.61%,150.75%)



Sheet3

		Lamda = 1		Lamda = 1		Lamda = 1		Lamda = 1

		Lamda = 2.5		Lamda = 2.5		Lamda = 2.5		Lamda = 2.5

		Lamda = 4		Lamda = 4		Lamda = 4		Lamda = 4



5% UPT

50% UPT

Avg. UPT

95% UPT

Traffic load

Gain vs. No CRE

Cell shaping performance gain

0.4017155111

0.4287428743

0.2776801406

0.0725254394

0.5623762376

0.6272117145

0.5884279476

0.36975

0.402640264

0.7567298106

0.7111472742

0.7247326664



2014.04.08(for Rel-13 workshop)

		2013.10 (X-pol, 0.5lamda, 3D UMa)												2013.10 (X-pol, 0.5lamda, 3D UMi)

				Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)						Cell-average		cell-edge		Cell-average (gain)		cell-edge(gain)

		case 1-SU		102.3		0.627								case 1-SU		102.3		0.627

		case 1-MU-2UE												case 1-MU-2UE

		4x2, 1-1, SU-1 layer		1.8622		0.04115		/		/				4x2, 1-1, SU-1 layer		2.0983		0.0465		/		/

		4x2, 1-1, SU-1~2 layer		1.8761		0.04179		0.75%		1.56%				4x2, 1-1, SU-1~2 layer		2.1741		0.04562		3.61%		-1.89%

		4x2, 1-1,  MU-4 layer												4x2, 1-1,  MU-4 layer

		4x2, 1-16, MU-4 layer												4x2, 1-16, MU-4 layer

		4x2, 2-16, MU-4 layer		3.5153		0.08568		88.77%		108.21%				4x2, 2-16, MU-4 layer		4.7994		0.09549		128.73%		105.35%

		4x2, 4-16, MU-4 layer		4.1973		0.08919		125.39%		116.74%				4x2, 4-16, MU-4 layer		5.5865		0.1059		166.24%		127.74%

		4x2, 8-16, MU-4 layer		4.3334		0.08951		132.70%		117.52%				4x2, 8-16, MU-4 layer		5.9401		0.1117		183.09%		140.22%

		4x2, 1-16, MU-10 layer												4x2, 1-16, MU-10 layer

		4x2, 2-16, MU-10 layer		3.5466		0.08584		90.45%		108.60%				4x2, 2-16, MU-10 layer		5.1245		0.09462		144.22%		103.48%

		4x2, 4-16, MU-10 layer		4.5963		0.09353		146.82%		127.29%				4x2, 4-16, MU-10 layer		7.0901		0.1108		237.90%		138.28%

		4x2, 8-16, MU-10 layer		4.9373		0.09364		165.13%		127.56%				4x2, 8-16, MU-10 layer		8.3851		0.1166		299.61%		150.75%

		8x2, 1-16, MU-4 layer												8x2, 1-16, MU-4 layer

		8x2, 2-16, MU-4 layer		4.9338		0.1301		164.94%		216.16%				8x2, 2-16, MU-4 layer		6.3794		0.1531		204.03%		229.25%

		8x2, 4-16, MU-4 layer		5.4467		0.1321		192.49%		221.02%				8x2, 4-16, MU-4 layer		7.0374		0.1626		235.39%		249.68%

		8x2, 8-16, MU-4 layer		5.5405		0.1315		197.52%		219.56%				8x2, 8-16, MU-4 layer		7.3268		0.1694		249.18%		264.30%

		8x2, 1-16, MU-10 layer												8x2, 1-16, MU-10 layer

		8x2, 2-16, MU-10 layer		5.6876		0.138		205.42%		235.36%				8x2, 2-16, MU-10 layer		8.5065		0.1549		305.40%		233.12%

		8x2, 4-16, MU-10 layer		7.3891		0.148		296.79%		259.66%				8x2, 4-16, MU-10 layer		11.3501		0.1808		440.92%		288.82%

		8x2, 8-16, MU-10 layer		7.7998		0.1476		318.85%		258.69%				8x2, 8-16, MU-10 layer		12.03		0.1984		473.32%		326.67%

		16x2,1-8,MU-4layer		5.14		0.1348		176.02%		227.58%				16x2,1-8,MU-4layer		6.792		0.1625		223.69%		249.46%

		16x2,1-8,MU-10layer		5.8909		0.142		216.34%		245.08%				16x2,1-8,MU-10layer		9.1481		0.1648		335.98%		254.41%

																						Uma		8H1V, SU-Rank adpt.		4H1V, SU-Rank adpt.		4H4V, MU-4 layer		8H2V, MU-4 layer		16H1V, MU-4 layer		8H4V, MU-4 layer		8H8V, MU-4 layer				4H4V, MU-10 layer		8H2V, MU-10 layer		16H1V, MU-10 layer		8H4V, MU-10 layer		8H8V, MU-10 layer

																								2.7506		1.8761		4.1973		4.9338		5.14		5.4467		5.5405				4.5963		5.6876		5.8909		7.3891		7.7998

																								0.06908		0.04179		0.08919		0.1301		0.1348		0.1321		0.1315				0.09353		0.138		0.142		0.148		0.1476

																								/		/		52.60%		79.37%		86.87%		98.02%		101.43%				67.10%		106.78%		114.17%		168.64%		183.57%

																								/		/		29.11%		88.33%		95.14%		91.23%		90.36%				35.39%		99.77%		105.56%		114.24%		113.67%

																						Umi		8H1V, SU-Rank adpt.		4H1V, SU-Rank adpt.		4H4V, MU-4 layer		8H2V, MU-4 layer		16H1V, MU-4 layer		8H4V, MU-4 layer		8H8V, MU-4 layer				4H4V, MU-10 layer		8H2V, MU-10 layer		16H1V, MU-10 layer		8H4V, MU-10 layer		8H8V, MU-10 layer

																								3.2385		2.1741		5.5865		6.3794		6.792		7.0374		7.3268				7.0901		8.5065		9.1481		11.3501		12.03

																								0.07523		0.04562		0.1059		0.1531		0.1625		0.1626		0.1694				0.1108		0.1549		0.1648		0.1808		0.1984

																								/		/		72.50%		96.99%		109.73%		117.30%		126.24%				118.93%		162.67%		182.48%		250.47%		271.47%

																								/		/		40.77%		103.51%		116.00%		116.14%		125.18%				47.28%		105.90%		119.06%		140.33%		163.72%
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Uma cell average



		



Umi cell average

Uma cell edge



		



Umi cell average



		



Umi cell edge



		



Uma cell average

Cell Average Gain in UMa



		



Umi cell average

Cell Average Gain in UMi



		Channel model is based on the version in October 2013

						Uma

								2-layer		4-layer		4-layer		4-layer				10-layer		10-layer		10-layer						2-layer		4-layer		4-layer				10-layer		10-layer

								  4H1V (Rel-10 codebook, 2-layer)		4H2V(4-layer)		4H4V(4-layer)		4H8V(4-layer)				4H2V(10-layer)		4H4V(10-layer)		4H8V(10-layer)						  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)				8H2V(10layer)		8H4V(10layer)

						cell average		2.1007		3.5153		4.1973		4.3334				3.5466		4.5963		4.9373				cell average		2.7506		4.9338		5.4467				5.6876		7.3891

						cell edge		0.05761		0.08568		0.08919		0.08951				0.08584		0.09353		0.09364				cell edge		0.06908		0.1301		0.1321				0.138		0.148

						Ave.gain		0		67.34%		99.80%		106.28%				68.83%		118.80%		135.03%				Ave.gain		0		79.37%		98.02%				106.78%		168.64%

						Edge		0		48.72%		54.82%		55.37%				49.00%		62.35%		62.54%				Edge		0		88.33%		91.23%				99.77%		114.24%

						Umi

								2-layer		4-layer		4-layer		4-layer				10-layer		10-layer		10-layer						2-layer		4-layer		4-layer				10-layer		10-layer

								  4H1V (Rel-10 codebook)		4H2V(4layer)		4H4V(4layer)		4H8V(4layer)				4H2V(10layer)		4H4V(10layer)		4H8V(10layer)						  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)				8H2V(10layer)		8H4V(10layer)

						cell average		2.5291		4.7994		5.5865		5.9401				5.1245		7.0901		8.3851				cell average		3.2385		6.3794		7.0374				8.5065		11.3501

						cell edge		0.05543		0.0955		0.1059		0.1117				0.09462		0.1108		0.1166				cell edge		0.07523		0.1531		0.1626				0.1549		0.1808

						Ave.gain		0		89.77%		120.89%		134.87%				102.62%		180.34%		231.54%				Ave.gain		0		96.99%		117.30%				162.67%		250.47%

						Edge		0		72.29%		91.05%		101.52%				70.70%		99.89%		110.36%				Edge		0		103.51%		116.14%				105.90%		140.33%

						Uma

								2-layer		4-layer		4-layer		4-layer				10-layer		10-layer		10-layer						2-layer		4-layer		4-layer				10-layer		10-layer

								  4H1V (Rel-10 codebook)		4H2V		4H4V		4H8V				4H2V(10-layer)		4H4V(10-layer)		4H8V(10-layer)						  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)				8H2V(10layer)		8H4V(10layer)

						cell average		2.1007		3.5153		4.1973		4.3334				3.5466		4.5963		4.9373				cell average		2.7506		4.9338		5.4467				5.6876		7.3891

						cell edge		0.05761		0.08568		0.08919		0.08951				0.08584		0.09353		0.09364				cell edge		0.06908		0.1301		0.1321				0.138		0.148

						Ave.gain		0		67.34%		99.80%		106.28%				68.83%		118.80%		135.03%				Ave.gain		0		79.37%		98.02%				106.78%		168.64%

						Edge		0		48.72%		54.82%		55.37%				49.00%		62.35%		62.54%				Edge		0		88.33%		91.23%				99.77%		114.24%

						Umi

								2-layer		4-layer		4-layer		4-layer				10-layer		10-layer		10-layer						2-layer		4-layer		4-layer				10-layer		10-layer

								  4H1V (Rel-10 codebook)		4H2V(4layer)		4H4V(4layer)		4H8V(4layer)				4H2V(10layer)		4H4V(10layer)		4H8V(10layer)						  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)				8H2V(10layer)		8H4V(10layer)

						cell average		2.5291		4.7994		5.5865		5.9401				5.1245		7.0901		8.3851				cell average		3.2385		6.3794		7.0374				8.5065		11.3501

						cell edge		0.05543		0.0955		0.1059		0.1117				0.09462		0.1108		0.1166				cell edge		0.07523		0.1531		0.1626				0.1549		0.1808

						Ave.gain		0		89.77%		120.89%		134.87%				102.62%		180.34%		231.54%				Ave.gain		0		96.99%		117.30%				162.67%		250.47%

						Edge		0		72.29%		91.05%		101.52%				70.70%		99.89%		110.36%				Edge		0		103.51%		116.14%				105.90%		140.33%

								  4H1V (Rel-10 codebook)		4H2V		4H4V		4H8V				  4H1V (Rel-10 codebook)		4H2V		4H4V		4H8V

						3D UMa		0		67.34%		99.80%		106.28%				0		48.72%		54.82%		55.37%

						3D UMi		0		89.77%		120.89%		134.87%				0		72.29%		91.05%		101.52%

								  8H1V (Rel-10 codebook)		8H2V		8H4V				  8H1V (Rel-10 codebook)		8H2V		8H4V

						3D UMa		0		79.37%		98.02%				0		88.33%		91.23%

						3D UMi		0		96.99%		117.30%				0		103.51%		116.14%

								  4H1V (Rel-10 )		4H2V		4H4V		8H8V				  4H1V (Rel-10 )		4H2V		4H4V		8H8V

						3D UMa		0		67.34%		99.80%		271.30%				0		48.72%		54.82%		156.21%

						3D UMi		0		89.77%		120.89%		375.66%				0		72.29%		91.05%		257.93%

								2-layer		4-layer		4-layer		4-layer						2-layer		4-layer		4-layer		4-layer

								  4H1V (Rel-10 codebook, 2-layer)		4H2V(4-layer)		4H4V(4-layer)		8H8V(10-layer)						  4H1V (Rel-10 codebook)		4H2V(4layer)		4H4V(4layer)		4H8V(4layer)

						cell average		2.1007		3.5153		4.1973		7.7998				cell average		2.5291		4.7994		5.5865		12.03

						cell edge		0.05761		0.08568		0.08919		0.1476				cell edge		0.05543		0.0955		0.1059		0.1984

								2-layer		4-layer		4-layer								10-layer		10-layer

								  8H1V (Rel-10 codebook)		8H2V(4layer)		8H4V(4layer)		8H8V(4layer)						8H2V(10layer)		8H4V(10layer)		8H8V(10layer)

						cell average		2.7506		4.9338		5.4467		5.5405						5.6876		7.3891		7.7998

						cell edge		0.06908		0.1301		0.1321		0.1315						0.138		0.148		0.1476

						4layers

								 8H1V (Rel-10)		8H2V		8H4V		8H8V				  8H1V (Rel-10)		8H2V		8H4V		8H8V

						3D UMa		0		79.37%		98.02%		101.43%				0		88.33%		91.23%

						3D UMi		0		96.99%		117.30%						0		103.51%		116.14%

														7.7998										0.1476

														2.7506										0.06908

																2.7506

																0.06908

						4layers		2layers		4layers		4layers		10layers

								 8H1V (Rel-10)		8H2V		8H4V		8H8V				  8H1V (Rel-10)		8H2V		8H4V		8H8V

						3D UMa		0		79.37%		98.02%		183.57%				0		88.33%		91.23%		113.67%

						3D UMi		0		96.99%		117.30%		271.47%				0		103.51%		116.14%		163.72%
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Cell edge SE

Cell average SE
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Cell edge SE
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Cell edge SE

Cell average SE

3D UMi

3D UMi

Cell average SE

Cell edge SE

Cell edge SE

Cell average SE

3D-UMa

Cell average SE

Cell edge SE


_1420027014.unknown

