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1. Introduction
Contribution [1] shows that LTE Release 8 does not meet the IMT-A requirements for DL transmission for UMa and UMi environments. The following table summarizes advanced schemes simulated by different companies to satisfy the IMT-A requirements. It may be observed from Table 1 that with 4Tx antennas, it is likely that MU-MIMO w/o coordination is the simplest scheme that meets the IMT-A requirements for UMa. This contribution discusses a method of enabling such a MU-MIMO operation. It is similar to the single cell MU-MIMO operation based on spatial correlation matrix contained in [4]

 REF _Ref238028677 \n \h 
[5].  It may also be noted that with 8 transmit antennas and using Release-8 single layer beamforming the UMi/UMa requirements are not met.  However, use of dual layer beamforming with 8-Tx antennas (Release-9 effort) may be capable of meeting the UMi/UMa requirements.
Table 1: Schemes meeting IMT-A requirement for UMa DL FDD

	Advanced MIMO scheme to satisfy IMT-A requirements in FDD
	Company name (based on ITU_evaluation results_HCEZSHRCTQDNNPN.xls)

	MU-MIMO w/o coordination 4tx 
	Motorola, TI, Qualcomm

	MU-MIMO w/o coordination 8tx
	Huawei, Samsung, CMCC, 

	SU-MIMO 8tx 
	NEC

	MU-MIMO w. coordination 4tx
	CATT, Ericsson, Qualcomm, 

	MU-MIMO w. coordination 8tx
	Ericsson, ZTE, 

	Joint processing CoMP 4tx 
	Huawei, CATT, 

	Joint processing CoMP 4tx (configuration (a))
	Samsung, 

	(C) Rel-8 Corrr + intercell interference canceller
	Panasonic


2. DL SU/MU-MIMO transmission with covariance matrix feedback
With covariance matrices and CQI information feedback from UEs, the eNode-B scheduler may choose to schedule a DL transmission using SU or MU MIMO.  In the case of MU MIMO, the DL beamforming vectors are chosen to reduce the cross-user interference and to maximize the desired user signal strength simultaneously.  Specifically, in the case of MU-MIMO, the beamforming vector for UE-1 is derived by optimizing the following objective
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 are the averaged channel covariance matrices of UE-1 and its pairing UE-2 over a group of frequencies and 
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is the noise and interference power level at the UE-2 that can be directly reported or derived from the UE-2 CQI feedback.

It can be easily verified that the optimal solution for equation (1)

 is the well-known zero-forcing beamformer
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or equivalently 
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In the case of SU-MIMO with covariance matrix feedback, the beamforming vectors are the eigen vectors corresponding to the largest one or two eigen values of  
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 depending on the rank of transmission scheduled by the eNode-B scheduler.

3. MU-MIMO related simulation assumptions 

Feedback: The knowledge of a delayed but otherwise ideal covariance matrix is assumed at the eNodeB. The covariance matrix is computed over 6 RBs or over the entire band  and sent to the eNodeB every 5ms. A covariance matrix is sent for every 6 RBs or over the entire band.

Reference signals: Precoded reference signals supporting two data-streams are assumed to be present. This is sufficient for supporting rank-1 and rank-2 precoding for SU-MIMO based on covariance feedback and single stream per user MU-MIMO with a maximum of two users paired. In addition, 4Tx CRS is assumed to be present to enable a UE to compute covariance matrices over 6 RBs. It is also assumed that a UE paired in a MU-MIMO transmission is able to estimate the cross talk from the dedicated RS of the paired user perfectly.

PDCCH: It is assumed that a UE receiving MU-MIMO transmission is aware of the RBs with MU-MIMO transmission. The need for explicitly indicating the RBs with MU-MIMO transmission is for further investigation. It is also assumed that the PDCCH is able to assign rank-1 SU, rank-2 SU and rank-1 MU transmission schemes to a UE in a dynamic way. 

4. Overhead requirement 

The following table summarizes the overhead requirements 
Table 2. Release-8 SU-MIMO Overhead for 10 MHz FDD
	Normal subframe 
	No. subframes
	10 out of 10 (= 84000 REs)

	
	DL CCH (L=3)
	50 * 12 * 3 * 10 = 18000

	
	CRS
	50 * 16 * 10 = 8000 (4 antenna ports, first 2 symbols included in CCH)

	
	DRS
	0 

	
	SS + PBCH
	288+288

	
	CSI RS
	0

	
	Total overhead 
	31.64%


Table 3. LTE-A DL MU-MIMO overhead for 10 MHz  FDD 
	Total REs
	50 RBs * 12 subcarriers * 14 OFDM symbols & 10 subframes = 84000

	
	
	

	Normal subframes: 4 out of 10 subframes (L=3)

	
	DL CCH
	50 * 12 * 3 * 4 = 7200

	
	CRS
	50 * 12 * 4 = 2400 (2 antenna ports)

	
	DRS
	50 * 12 * 4= 2400 

	
	SS + PBCH
	288+288

	
	CSI RS
	0 

	
	
	

	Normal subframes: 4 out of 10 subframes (L=2)

	
	DL CCH
	50 * 12 * 2 * 4 = 4800

	
	CRS
	50 * 6 * 4 = 1200 (1 antenna port)

	
	DRS
	50 * 12 * 4= 2400 

	
	SS + PBCH
	288+288

	
	CSI RS
	0

	
	
	

	MBSFN subframes: 6 out of 10 subframes

	
	DL CCH 
	50 * 12 * 2 * 6 = 7200

	
	CRS
	0  

	
	DRS
	50 * 12 * 6= 3600

	
	SS + PBCH
	0

	
	CSI-RS
	50 * 2 * 4 * 2 = 800 (4 antenna ports every 5ms, 1 subcarrier every 6 carrier per antenna port) - note CSI-RS may be on other frame types as well

	
	
	

	
	Total overhead
	28.78% (L=3), 24.50%(L=2)


Table 4. Release-8 SU-MIMO TDD 10 MHz System Overhead

	Normal subframe 
	No. subframes
	4 Normal + 2 DwPTS + 2 GP (=48000 REs)

	
	DL CCH
	50 * 12 * 3 * 4 +  50 * 12 * 2 * 2 = 9600 

	
	CRS
	50 * 16 * 4 + 50 * 12 * 2 = 4400 (4 antenna ports, first 2 symbols included in CCH)

	
	DRS
	0 

	
	SS + PBCH
	288+288

	
	CSI RS
	0

	
	Total overhead 
	30.37%


Table 5. LTE-A DL MU-MIMO TDD 10 MHz System Overhead 

	Total REs
	4 Normal + 2 DwPTS + 2 GP (=48000 REs)

	
	
	

	Normal subframes: 2 subframes (L=3)

	
	DL CCH
	50 * 12 * 3 * 2 = 3600

	
	CRS
	50 * 12 * 2 = 1200 (2 antenna ports)

	
	DRS
	50 * 12 * 2= 1200 

	
	SS + PBCH
	144+288

	
	CSI RS
	0 

	Normal subframes: 2 subframes (L=2)

	
	DL CCH
	50 * 12 * 2 * 2 = 2400

	
	CRS
	50 * 6 * 2 = 600 (1 antenna port)

	
	DRS
	50 * 12 * 2 = 1200 

	
	SS + PBCH
	144+288

	
	CSI RS
	0

	DwPTS subframes: 2 subframes

	
	DL CCH
	50 * 12 * 2 * 2 = 2400

	
	CRS
	50 * 4 * 2 = 400 (1 antenna port)
50 * 8 * 2 = 800 (2 antenna port)

	
	DRS
	50 * 9 * 2 = 900

	
	SS + PBCH
	144

	
	CSI RS
	0

	
	
	

	MBSFN subframes: 2 subframes

	
	DL CCH 
	50 * 12 * 2 * 2 = 2400

	
	CRS
	0  

	
	DRS
	50 * 12 * 2 = 1200

	
	SS + PBCH
	0

	
	CSI-RS
	50 * 2 * 4 * 2 = 800 (4 antenna ports every 5ms, 1 subcarrier every 6 carrier per antenna port) - note CSI-RS may be on other frame types as well

	
	
	

	
	Total overhead
	31.41% (L=3), 26.82%(L=2)


5. Impact on Specifications 

Reporting Modes: Support for feedback of a covariance matrix is needed. The ability of configuring a UE for computing a covariance matrix over wideband or a specified sub-band is needed. The need for feedback of multiple covariance matrices for different sub-bands is for further investigation. This implies the need for defining additional reporting modes.

Reference signals: In addition to CRS for estimating CQI and covariance matrix, the support of 2-stream dedicated RS for demodulation is needed. The ability of a UE to estimate cross-talk using dedicated RS of another UE is for further investigation.

DCI Formats: Additional DCI formats may be needed to support dynamic switching among SU with different ranks and MU based on covariance feedback. The need for indicating RBs with MU-MIMO is for further investigation.  
	Transmission mode
	DCI format
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode X
	Support dynamic switching among different transmission schemes
	Support Transmit diversity, Single layer beamforming, Closed Loop Spatial Multiplexing, MU-MIMO


6. Simulation Assumptions 
The simulations are based on IMT-A document [2] which is reproduced in Appendix, Table 9 and Table 10.  The simulation assumptions are outlined in Table 6.
Table 6.  Main simulation assumptions

	Number of control symbols
	3

	Base station Tx antenna
	2 and 4

	Base station antenna configuration
	i) 2 pairs of cross poles with 0.5(
ii) 4 element co-polarized array with 0.5(

	UE Rx antenna
	2

	UE Rx antenna configuration
	0.5 (, v-pol

	Channel estimation
	Non-ideal

	Receiver algorithm
	MMSE

	Precoding
	SU/MU-MIMO with zero-forcing beamformer

	Feedback information
	Covariance matrix, CQI

	Feedback periodicity
	5 ms

	Feedback delay
	2 ms

	Feedback error
	Not modeled

	Frequency selective scheduling
	Yes for InH, UMi, Uma, RMa

	Subband size
	6 RB

	Scheduling fairness
	Proportional fair, fairness factor = 1.6


The simulation results for various deployment scenarios are shown in Table 7 and Table 8. Two types of antenna configurations are simulated as given by i) and ii).  Table 7 and Table 8 reflect use of antenna configuration ii).
i) 4x2 MU-MIMO with a pair of cross poles spaced 0.5 lambda spacing 
ii) 4x2 MU-MIMO with 4-element co-polarized array with 0.5 lambda spacing 
Table 7: 4x2 MU-MIMO, FDD

	Environ.
	Cell T-put (Mbps)
	Cell SE

(bps/Hz/cell)
	5% UE T-put (Mbps)
	5% UE SE

(bps/Hz/cell)
	IMT-A 
Cell  SE

(bps/Hz/cell) 
	IMT-A 

5% UE SE

(bps/Hz/cell)

	UMa
	24.8
	2.48
	0.633
	0.063
	2.2
	0.06

	UMi
	28.8
	2.88
	1.05
	0.105
	2.6
	0.075

	RMa
	29.370
	2.94
	0.771
	0.077
	1.1
	0.04


The corresponding LTE TDD numbers for TDD configuration#1 is shown in Table 8.
Table 8: 4x2 MU-MIMO, TDD Configuration #1

	Environ.
	Cell T-put (Mbps)
	Cell SE

(bps/Hz/cell)
	5% UE T-put (Mbps)
	5% UE SE

(bps/Hz/cell)
	IMT-A 
Cell SE

(bps/Hz/cell) 
	IMT-A 

5% UE SE

(bps/Hz/cell)

	UMa
	13.89
	2.43
	0.355
	0.062
	2.2
	0.06

	UMi
	15.49
	2.71
	0.589
	0.103
	2.6
	0.075

	RMa
	16.391
	2.87
	0.430
	0.075
	1.1
	0.04


The comparative spreadsheet is enclosed.


[image: image10.emf]D:\Profiles\qa0047\ Desktop\qa0047\E-UMTS\WG1#58\ITU_Results_Other Companies\ITU evaluation results_HCEZSHRCTQDNNPN_rev1mot.xls


Conclusions

The following conclusion is drawn based on the results from the previous section:  With uncoordinated DL MU-MIMO and covariance matrix feedback, the IMT-A requirements for UMa and UMi environment can be satisfied.
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APPENDIX
Table 9. Baseline evaluation configuration parameters
	Deployment scenario for the evaluation process
	Indoor hotspot
	Urban 
micro-cell
	Urban 
macro-cell
	Rural macro-cell
	Suburban macro-cell

	Base station (BS) antenna height
	6 m, mounted on ceiling
	10 m, below rooftop
	25 m, above rooftop
	35 m, above rooftop
	35 m, above rooftop

	Number of BS antenna elements(1)
	Up to 8 rx

Up to 8 tx
	Up to 8 rx

Up to 8 tx
	Up to 8 rx

Up to 8 tx
	Up to 8 rx

Up to 8 tx
	Up to 8 rx

Up to 8 tx

	Total BS transmit power
	24 dBm for 40 MHz,
21 dBm for 20 MHz
	41 dBm for 10 MHz, 44 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz
	46 dBm for 10 MHz, 49 dBm for 20 MHz

	User terminal (UT) power class
	21 dBm
	24 dBm
	24 dBm
	24 dBm
	24 dBm

	UT antenna system(1)
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx
	Up to 2 tx

Up to 2 rx

	Minimum distance between UT and serving cell(2)
	>= 3 m
	>= 10 m
	>= 25 m
	>= 35 m
	>= 35 m

	Carrier frequency (CF) for evaluation (representative of IMT bands)
	3.4 GHz
	2.5 GHz
	2 GHz
	800 MHz
	Same as urban macro-cell

	Outdoor to indoor building penetration loss
	N.A.
	See Annex 1, Table A1-2
	N.A.
	N.A.
	20 dB

	Outdoor to in-car penetration loss
	N.A.
	N.A.
	9 dB (LN, 
σ = 5 dB)
	9 dB (LN, 
σ = 5 dB)
	9 dB (LN, 
σ = 5 dB)

	
	
	
	
	
	

	 (1)
The number of antennas specified by proponent in the technology description template (§ 4.2.3 of Report 
ITU-R M.2133) should be used in the evaluations. The numbers shall be within the indicated ranges in this table.

(2) 
In the horizontal plane.


Table 10.  Additional parameters for system simulations

	Deployment scenario for the evaluation process
	Indoor hotspot
	Urban micro‑cell
	Urban macro-cell
	Rural macro-cell
	Suburban macro-cell

	Layout(1)
	Indoor floor
	Hexagonal grid
	Hexagonal grid
	Hexagonal grid
	Hexagonal grid

	Inter-site distance
	60 m
	200 m
	500 m
	1 732 m
	1 299 m

	Channel model
	Indoor hotspot model (InH)
	Urban micro model (UMi)
	Urban macro model (UMa)
	Rural macro model (RMa)
	Suburban macro model (SMa)

	User distribution
	Randomly and uniformly distributed over area
	Randomly and uniformly distributed over area. 50% users outdoor (pedestrian users) and 50% of users indoors
	Randomly and uniformly distributed over area. 100% of users outdoors in vehicles
	Randomly and uniformly distributed over area. 100% of users outdoors in high speed vehicles
	Randomly and uniformly distributed over area. 50% users vehicles and 50% of users indoors

	User mobility model
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction 
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction

	UT speeds of interest
	3 km/h
	3 km/h
	30 km/h
	120 km/h
	Indoor UTs: 
3 km/h, outdoor UTs: 90 km/h

	Inter-site interference modeling(2)
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB
	5 dB
	5 dB
	5 dB

	UT noise figure
	7 dB
	7 dB
	7 dB
	7 dB
	7 dB

	BS antenna gain (boresight)
	0 dBi
	17 dBi
	17 dBi
	17 dBi
	17 dBi

	UT antenna gain
	0 dBi
	0 dBi
	0 dBi
	0 dBi
	0 dBi

	Thermal noise level
	–174 dBm/Hz
	–174 dBm/Hz
	–174 dBm/Hz
	–174 dBm/Hz
	–174 dBm/Hz

	(1)    See § 8.3 for further detail.

(2) 
See § 7.1.
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Parameters

						Huawei				CATT				Ericsson				ZTE				Samsung				Hitachi				ALU				Motorola				RITT				CMCC				TI				Qualcomm				DOCOMO				Nokia & Nokia Siemens Networks				Panasonic				NEC

		Parameter		Values used for evaluation		Rel.8		Beyond Rel.8		Rel.8		Beyond Rel.8		Rel.8		Beyond Rel.8 reference		Rel.8		Beyond Rel.8		Rel.8		Beyond Rel.8		Rel.8		Beyond Rel.8		Rel-8		Beyond Rel-8		Rel.8		Beyond Rel.8 reference		Rel.8		Beyond Rel.8		Rel.8		Beyond Rel.8		Rel.8		Beyond Rel.8		Rel.8		Beyond Rel.8 reference		Rel.8		Beyond Rel.8 reference		Rel.8		Beyond Rel.8		Rel.8		Beyond Rel.8		Rel.8		Beyond Rel.8 reference

		Deployment scenario		• Indoor hotspot
• Urban micro-cell
• Urban macro-cell
• Rural macro-cell
Parameters and assumptions not shown here for each scenario are shown in ITU guidelines [ITU-R Report M.2135].		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines				Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		• Indoor hotspot
• Urban micro-cell
• Urban macro-cell
• Rural macro-cell
Parameters and assumptions not shown here for each scenario are shown in ITU guidelines [ITU-R Report M.2135].				Aligned with guidelines		Aligned with guidelines		Aligned with guidelines				Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with assumptions				Compliant to assumptions		Compliant to assumptions		Aligned with guidelines		Aligned with guidelines

		Duplex method and bandwidths		FDD:  10+10 MHz except Indoor hotspot with 20+20 MHz
TDD:  20 MHz
Baseline asymmetry during 5 subframes period:
2 full DL subframes,
Special subframe: DwPTS 11symbol, GP 1 symbol, UpPTS 2 symbol,
2 full UL subframes
Alternative special subframe configurations may be used if stated.		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines                  VoIP FDD: 5+5MHz                      VoIP TDD:10MHz		Aligned with guidelines                  VoIP FDD: 5+5MHz                      VoIP TDD:10MHz						Aligned with guidelines                  VoIP FDD: 5+5MHz                      VoIP TDD:10MHz		Aligned with guidelines                  VoIP FDD: 5+5MHz                      VoIP TDD:10MHz		Aligned with guidelines		Aligned with guidelines		FDD:  10+10 MHz except Indoor hotspot with 20+20 MHz				FDD 10+10 MHz
TDD 20 MHz, config 1, DwPTS 12, GP 1, UpPTS 2		FDD 10+10 MHz
TDD 20 MHz, config 1, DwPTS 12, GP 1, UpPTS 2										Aligned with guidelines                  VoIP FDD: 5+5MHz                      VoIP TDD:10MHz		Aligned with guidelines                  VoIP FDD: 5+5MHz                      VoIP TDD:10MHz		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines (FDD only)		Aligned with guidelines (FDD only)		Aligned with assumptions				Compliant to assumptions		Compliant to assumptions

		Network synchronization		Synchronized		Synchronized		Synchronized		Synchronized		Synchronized		Synchronized				Synchronized		Synchronized		Synchronized		Synchronized		Synchronized				Synchronized		Synchronized		Synchronized				Synchronized		Synchronized		Synchronized		Synchronized		Synchronized		Synchronized		Synchronized		Synchronized		Synchronized		Synchronized		Aligned with assumptions				Compliant to assumptions		Compliant to assumptions		Synchronized		Synchronized

		Handover margin		1.0 dB		1.0 dB		1.0 dB		1.0 dB		1.0 dB		1dB				1.0 dB		1.0 dB		1.0 dB		1.0 dB		1.0 dB				1 dB		1 dB		1dB				1.0 dB		1.0 dB		1.0 dB		1.0 dB		1.0 dB		1.0 dB		1dB		1dB		1dB		1dB		Aligned with assumptions				Compliant to assumptions		Compliant to assumptions		1dB		1dB

		Downlink transmission scheme		Baseline transmission scheme (LTE Rel.8)
• MIMO closed loop precoded spatial multiplexing (transmission mode 4 [36.213]): Baseline: 4x2 MIMO
• MIMO single stream beamforming (transmission mode 7 [36.213])
Advanced scheme (LTE-A)
• MU-MIMO without coordination
• MU-MIMO with intercell coordination
• Joint processing CoMP
(SU-MIMO is possible for all cases.)		Aligned with guidelines		MU-MIMO without coordination;
Joint processing CoMP		SU-MIMO, with rank adaptation, antenna a) and c)                         SU-MIMO Based on SRS, rank=1, antenna e)		JP within 3 cells as a cluster, Short term CSI, antenna c)
MU-MIMO Based on SRS, rank=1 for each user, antenna e)
MU-MIMO Based on SRS  with Coordination, rank=1 for each user, antenna e)		Aligned with guidelines		MU-MIMO with coordination within site. No inter-site coordination.		SU-MIMO, with rank adaptation, antenna a) and c)                         SU-MIMO Based on SRS, rank=1, antenna e)		MU-MIMO Based on SRS  with Coordination antenna e)		Aligned with guidelines		MU-MIMO based on short-term narrow-band CSI.  For single-cell,  configuraion (a), (c) is used for 4Tx while (e) is used for 8Tx.

MU CoMP JP within up to 3 cells from the same cell site, short term narrow-band CSI, antenna configuration (a) with 4Tx is used.		Aligned with guidelines				Aligned with guidelines (mode 4)		MU-MIMO without coordination		Aligned with guidelines		MU-MIMO without coordination within site. No inter-site coordination.		Aligned with guidelines		MU-MIMO without coordination;		SU-MIMO, with rank adaptation, antenna a) and c)                         SU-MIMO Based on SRS, rank=1, antenna e)		MU-MIMO, rank=1 for each user, antenna c) and e)		Aligned with guidelines		MU-MIMO without coordination.		Aligned with guidelines		MU-MIMO without coordiation; MU-MIMO with inter-cell coordination within dominant interfering cells.		Aligned with guidelines		MU-MIMO with inter-site coordination (simulation on-going).		4x2 SU-MIMO for antenna setup A.
4-Tx BF with up to 3-Beams per cell for antenna setup C, no coordination.				Compliant to assumptions (4x2 SU-MIMO)		Compliant to Rel.8 assumptions (4x2 SU-MIMO)		Aligned with guidelines		8Tx SU-MIMO

		Downlink scheduler		For baseline transmission scheme (LTE Rel.8):  
• Proportional fair in time and frequency

For advanced transmission scheme (LTE-A) 
• Aligned with transmission scheme		Proportional fair		Proportional fair		PF		PF		Channel dependent				PF		PF		PF		PF		PF				PF		PF		Channel dependent				PF		PF		PF		PF		PF		PF		Channel dependent		Channel dependent		Proportional fair		Proportional fair with inter-site coordination		Aligned with assumptions				Proportional fair in time and frequency		Proportional fair in time and frequency		Channel dependent		Channel dependent

		Downlink link adaptation		Non-ideal based on non-ideal CQI/PMI/RI reports and/or non-ideal sounding transmission, reporting mode: and period selected according to scheduler and MIMO transmission schemes; reporting delay and MCS based on LTE transport formats according to [36.213].

Baseline: 
A) Non-frequency selective PMI and frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1) per PRB
B) Sounding-based precoding, frequency selective CQI report with 5ms periodicity, subband CQI with measurement error: N(0,1) per PRB		Non-ideal, 
type A)
CQI: 4ms delay 5ms period;PUSCH-based feedback, mode 3-1, wideband PMI
CQI measurement error,N(0,1dB) per half-PRB.		Non-ideal,
type A) for FDD, type B) for TDD 
CQI: 4ms delay 10ms period; PUCCH-based feedback.sub-band PMI with 5PRBs.		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines				Aligned with guidelines		Aligned with guidelines		Aligned with baseline (A)		MU-MIMO: Dynamic MU- or SU- selection based on the PF metric. Applicable to both single-cell and COMP. 
Up to 2 Users paried in one PRB, each with rank -1 transmission.
CoMP: Dynamic transmission point selection, up to 3 cells within the same cell site.		Aligned with guidelines				Aligned with guidelines
(10 sub-bands for frequency-selective CQI)		Aligned with guidelines
(10 sub-bands for frequency-selective CQI)		Aligned with guidelines				Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Semi-static MU-MIMO with rank-1 per UE. Two users paired in one PRB.		Aligned with guidelines		• Additional rate prediction pilot used to improve MU-MIMO rate prediction accuracy. 
• Asynchronous HARQ with undecodable packet format for the first transmission. 
• Overhead accounted.		Aligned with guidelines
- 6 ms delay
- Baseline (A)		Aligned with guidelines
- 6 ms delay
- Baseline (A)
- AMC with inter-site coordination		Aligned with assumptions				Compliant to assumptions		Compliant to assumptions		Aligned with guidelines		Aligned with guidelines

		CSI assumption at eNB		Report the CSI assumption as decsribed in R1-092977		No CSI for R8		Ref. to R1-092977, short-term and/or narrowband channel state information with non-ideal channel estimation and feedback delay.				Short Term				Long-term wideband transmit channel covariance matrix				Short Term				Short Term, narrowband CSI		No CSI for R8						TDD MU-MIMO: short term sounding w/ 5ms periodicity, and frequency selective CQI with 5ms periodicity; Sounding error: complex N(0, 0.1) per subcarrier 				Short-term and narrowband channel covariance information with non-ideal channel estimation and feedback delay.				Short Term				Short Term				Rank-1 PMI/CQI feedback:  Wideband PMI, narrowband CQI with 6RB subband size, finer CQI granularity than Rel-8. Rel-8 codebook.  6ms feedback delay, 5ms feedback periodicity.				• Option 1: Short-term frequency selective eigen-direction feedback with quantization error modeling. 
• Option 2: Filtered (Long-term) wideband transmit channel covariance matrix (do not meet requirements in some cases)				Long-term wideband transmit channel covariance matrix		Rel'8 compliant

		Downlink HARQ scheme		Incremental redundancy or Chase combining		IR		CC		CC		CC		IR				CC		CC		IR		IR		IR				CC		CC		IR				IR		IR		CC		CC		CC		CC		IR		IR		CC		CC		CC				CC		CC		IR

		Downlink receiver type		Baseline scheme
• MMSE
Advanced scheme
• MMSE-SIC, MLD based receiver

Each company should report a description on interference rejection and cancellation capabilities.		MMSE		MMSE		MMSE		MMSE		MMSE with intercell interference rejection capabilities				MMSE		MMSE		MMSE		MMSE		MMSE				MMSE		MMSE		MMSE				MMSE		MMSE		MMSE		MMSE		MMSE		MMSE with interference rejection combining		MMSE		MMSE		MMSE with ideal IRC
(The case without IRC is also evaluated)		MMSE with IRC (detail for MU-MIMO is FFS)		MMSE				MMSE with intercell interference rejection capabilities		MMSE with cancellation of strongest intercell interfer		MMSE

		Uplink transmission scheme		Baseline transmission scheme (LTE Rel.8)
• SIMO with and without MU-MIMO
Baseline: 1 x 4 SIMO
Advanced transmission scheme (LTE-A)
• SU-MIMO
• UL CoMP		1x4 SIMO without MU-MIMO		1x4 CoMP; 
2x4 SU-MIMO and CoMP		MU-MIMO with LMMSE detection, antenna e) SIMO with LMMSE detection, antenna a), c), e)				1x4 with and without MU-MIMO				1x4 without MU-MIMO antenna a)				1x4 SIMO without MU-MIMO				Baseline transmission scheme (LTE Rel.8)
• SIMO  without MU-MIMO
Baseline: 1 x 4 SIMO				1x4 SIMO without MU-MIMO				1x4						1x4 SIMO without MU-MIMO		1x4 SIMO, antenna a) c); 1x8 SIMO, antenna e)				1x4 SIMO				SIMO with and without MU-MIMO		2x4 with SU/MU-MIMO		1x4 SIMO without MU-MIMO		2x4 SU-MIMO
1x4, 2x4 CoMP		1x4 baseline without MU-MIMO for most cases.
For Umi TDD: 1x4 with MU-MIMO.				1x4 SIMO w/o MU-MIMO		2x4 SU-MIMO		1x4 without MU-MIMO

		Uplink scheduler		Channel dependent		Proportional fair		Proportional fair		PF		PF		Channel dependent				PF		PF		Proportional fair				Channel dependent				Channel dependent PF				Channel dependent				PF		PF		PF		PF		PF				Channel dependent		Channel dependent		Channel dependent		Channel dependent		Aligned with assumptions				Proportional fair in time and frequency		Proportional fair in time and frequency		Channel dependent

		Uplink Power control		Baseline: 
• Fractional power control.
Alternative: 
• Other Rel.8 specified  

Power control parameters (P0 and alpha) are chosen according to the deployment scenario. (IoT reported with simulation results.)		Fractional power control,alpha = 0.8; P0 fitted to the environment (IoT reported with simulation results.)		Fractional power control,alpha = 0.8; P0 fitted to the environment.		alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB		alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB		P0 and alpha fitted to the environment				alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB		alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB		Fractional power control,alpha = 0.8; P0 fitted to the environment (IoT reported with simulation results.)				alpha = 0.8, P0 fitted to the environment.Target Average IoT <= 10dB				P0 and alpha fitted to the environment				P0 and alpha fitted to the environment
X2 based overload control				alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB		alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB		alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB		alpha = 0.8, P0 fitted to the environment, Target Average IoT <= 10dB		P0 and alpha fitted to the environment				Closed loop ICIC based on OI		Closed loop ICIC based on OI		Fractional power control,
alpha = 0.8, P0 = -80 dBm
(to be updated to meet IoT requirement)		Fractional power control,
alpha = 0.8, P0 = -80 dBm
(to be updated to meet IoT requirement)		Rel'8 PC with optimizied parameter settings				Fractional power control
alpha=0.8 for all scenarios
P0 are fitted to the environment		Fractional power control
alpha=0.8 for all scenarios
P0 are fitted to the environment		P0 and alpha fitted to the environment

		Uplink link adaptation		Non-ideal based on delayed SRS-based measurements: 
MCS based on LTE transport formats and SRS period and bandwidths according to [36.213].		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines				Aligned with guidelines		Aligned with guidelines		Aligned with guidelines				Non-ideal based on delayed SRS-based measurements: 
MCS based on LTE transport formats and SRS period and bandwidths according to [36.213].				Aligned with guidelines				Aligned with guidelines				Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines				Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with guidelines		Aligned with assumptions				Compliant to assumptions
* SRS periodicity: 5 ms per UE
* SRS delay total: 6ms
* SRS overhead: 4 subframesl per frame		Compliant to assumptions
* SRS periodicity: 5 ms per UE
* SRS delay total: 6ms
* SRS overhead: 4 subframesl per frame		Aligned with guidelines

		Uplink HARQ scheme		• Incremental redundancy or
• Chase combining		IR		CC		CC		CC		IR				CC		CC		IR				IR				CC				IR				IR		IR		CC		CC		CC				IR		IR		CC		CC		CC				CC		CC		IR

		Uplink receiver type		• MMSE or 
• MMSE-SIC (MU-MIMO)		MMSE		MMSE		MMSE		MMSE		MMSE with intercell interference rejection capabilities				MMSE		MMSE		MMSE				MMSE				MMSE		MMSE		MMSE				MMSE		MMSE		MMSE		MMSE		MMSE				MMSE		MMSE		MMSE with IRC for strongest interference
(The case without IRC is also evaluated)		MMSE with IRC for strongest interference
(The case without IRC is also evaluated)		MMSE				MMSE with intercell interference rejection capabilities		MMSE with intercell interference rejection capabilities

		Antenna configuration
base station		Baseline: 4 or 8 Tx antennas with the following configurations:
A) Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)

B) Grouped co-polarized:
Two groups of co-polarized antennas. 10 wavelengths between center of each group. 0.5 wavelength separation within each group
(illustration  for 4 Tx: ||          || )

C)  Correlated: co-polarized:
0.5 wavelengths between antennas
(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)
Baseline mappings between deployment scenario and antenna configurations:
For downlink:
• Indoor Hotspot: A (Rel.8)
• Urban Micro:  C or E (MU-MIMO),  B or E (CoMP, Rel.8)
• Urban Macro:  C or E (MU-MIMO),  C or E (CoMP)
• Rural Macro:   C or E (MU-MIMO, Rel.8)
 Note: MU-MIMO = MU-MIMO with / without coordination
       CoMP = Joint processing CoMP
For uplink:
• Indoor Hotspot: A 
• Urban Micro:  A or B or C or E
• Urban Macro:  A or C or E
• Rural Macro:   A or C or E		• Indoor Hotspot: A, C
• Urban Micro:  A, C, E
• Urban Macro:  A, C, E
• Rural Macro:  A, C, E		For DL:
Urban Micro/Macro:C;
For UL:
• All scenario: A		Configurations a) c)  evaluated for indoor enviroment                                 Configurations a) c) e) evaluated for all outdoor environments		Configurations a) c)  evaluated for indoor enviroment                                 Configurations a) c) e) evaluated for all outdoor environments		According to baseline mappings				InH:      a)   c)
Umi:     a)   c)    e) 
Uma:    a)   c)    e) 
RMa:    a)   c)    e)		InH:      a)   c)
Umi:     a)   c)    e) 
Uma:    a)   c)    e) 
RMa:    a)   c)    e)		For downlink, 
• Indoor hotspot: (A)
• Urban micro-cell: (A), (B), (C)
• Urban macro-cell: (A), (C) 
• Rural macro-cell: (A), (C)

For uplink,
• Indoor hotspot: (A), (C)
• Urban micro-cell: (A), (C)
• Urban macro-cell: (A), (C) 
• Rural macro-cell: (A), (C)		Configurations (a) for 4Tx, and (e) for 8Tx;  evaluated for UMa and UMi		Configurations a-c evaluated for all environments				DL:
• UMi:  A, C, E
• UMa:  A, C, E
• RMa:  A
UL:
• A		DL:
• UMi / UMa: C
UL:
• A		According to baseline mappings				According to baseline mappings		According to baseline mappings		Configurations a) c)  evaluated for indoor enviroment                                 Configurations a) c) e) evaluated for all outdoor environments		Configurations c) e) evaluated for all outdoor environments		For downlink, 
• Indoor hotspot: a)
• Urban micro-cell: a), c)
• Urban macro-cell: a), c) 
• Rural macro-cell: a), c)

For uplink,
a), and c) for all configurations				A and C		A and C		For downlink, 
• Indoor hotspot: (A)
• Urban micro-cell: (C)
• Urban macro-cell: (C) 
• Rural macro-cell: (C)

For uplink,
• Indoor hotspot: (A)
• Urban micro-cell: (A), (C)
• Urban macro-cell: (A), (C) 
• Rural macro-cell: (A), (C)		For downlink, 
• Indoor hotspot: (A)
• Urban micro-cell: (C)
• Urban macro-cell: (C) 
• Rural macro-cell: (C)

For uplink,
• Indoor hotspot: (A)
• Urban micro-cell: (A), (C)
• Urban macro-cell: (A), (C) 
• Rural macro-cell: (A), (C)		Antenna Setup A for all cases.
Antenna Setup C for Umi and Uma				For DL: 
Indoor Hotspot: A, C
Urban Micro: A, C
Urban Macro: A, C
Rural Macro:  A, C

For UL
Indoor Hotspot: A
Urban Micro: A
Urban Macro: A
Rural Macro:  A		For DL: 
Urban Micro: A, C
Urban Macro: A, C
Rural Macro:  A, C

For UL
Indoor Hotspot: A
Urban Micro: A
Urban Macro: A
Rural Macro:  A		DL: Configurations a) and c)  are evaluated for all enviroment
UL: Configurations a) evaluated for all enviroment		DL: Configurations a) and c)  are evaluated for all enviroment
UL: Configurations a) evaluated for all enviroment

		Antenna configuration  UE		Baseline:
• Vertically polarized antennas with 0.5 wavelengths separation at UE
Alternative:
• Columns with linearly polarized orthogonal antennas with 0.5 wavelengths spacing between columns		Vertically polarized antennas with 0.5 wavelengths separation at UE		Vertically polarized antennas with 0.5 wavelengths separation at UE		Vertically polarized		Vertically polarized		Vertically polarized with 0.5 wavelengths separation for BS antenna configurations A-C, cross polarized for BS antenna configurations D-E.				Vertically polarized		Vertically polarized		Vertically polarized antennas with 0.5 wavelengths separation at UE		Vertically polarized		Vertically polarized				Aligned with guidelines (vertically polarized)		Aligned with guidelines (vertically polarized) (except for DL in case when eNB has x-pol, in which case UE also has x-pol)		Vertically polarized with 0.5 wavelengths separation for BS antenna configurations A-C, cross polarized for BS antenna configurations D-E.				Vertically polarized		Vertically polarized		Vertically polarized		Vertically polarized		Vertically polarized				Vertically polarized with 0.5 wavelengths		Vertically polarized with 0.5 wavelengths		Vertically polarized antennas with 0.5 wavelengths separation at UE		Vertically polarized antennas with 0.5 wavelengths separation at UE		Aligned with baseline				Compliant to baseline assumptions		Compliant to baseline assumptions		Vertically polarized		Vertically polarized

		Channel estimation
(Uplink and downlink)		Recommended: Non-ideal 
 (For non-ideal case,  consider both estimation errors both for demodulation reference signals and sounding reference signals)		Non-ideal;		Non-ideal;
For DL TDD beamforming mode ,use SRS for channel estimation with 5ms SRS period and  4 ms delay.		Ideal channel estimation for demodulation and sonding in case of ComP-JP. Non-Ideal channel estimation for all the other cases.		Ideal channel estimation for demodulation and sonding in case of ComP-JP. Non-Ideal channel estimation for all the other cases.		Non-ideal				Non-Ideal channel estimation		Non-Ideal channel estimation		Non-ideal		Channel estimation error modeled		idea				Ideal		Ideal		Non-ideal				Non-Ideal.		Non-Ideal.		Non-ideal		Non-ideal		Channel estimation modeled				Non-ideal		Non-ideal		Non-ideal 
(ideal is also evaluated)		Non-ideal 
(ideal will be also evaluated)		Non-ideal				Non-ideal both for DL and UL		Non-ideal both for DL and UL		SRS for channel estimation with 5ms SRS period and  4 ms delay.		SRS for channel estimation with 5ms SRS period and  4 ms delay.

		Control channel and reference signal overhead, Acknowledgements etc.		For baseline transmission (LTE) schemes:
• Overhead for CRS and antenna port 5 according to DL transmission schemes
• SRS overhead according to UL (and DL) scheduler and transmission scheme
• Overhead for UL CCH according to CQI/PMI reporting mode and periodicity used for DL simulation for the same scenario
• Overhead for DL CCH of X OFDM symbols (X=1 or 2 or 3)
For advanced transmission schemes (LTE-A)
• UL overhead for CSI feedback and SRS transmission according to transmission scheme factored into the uplink results for the same scenarios.
• DL overhead for additional DRS if used.		FDD:
DL overhead: 3 symbols for DL CCHs, Antenna Port 0~3 CRS (DRS only for beamforming)
UL overhead: 6 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 1 symbol SRS per 5ms radio frame;
TDD:
DL overhead: 2 symbols for DL CCHs, Antenna Port 0~3 CRS
UL overhead: 8 PRBs for feedback (ACK/NAK, CQI, PMI), 2 symbols DMRSs per subframe, and 2 symbol SRS per 5ms radio frame; 
DL Spectral efficiency:


UL Spectral efficiency:		DL overhead: 
3 symbols for DL CCHs(2 symbols for TDD DL CCHs), Antenna Port 0~3 CRS, DM-RS with 12 REs per PRB		DL overhead: 
2 OFDM symbols for DL CCHs,
CRS for antenna ports 0 – 3 with antenna configuration a) and c), 
CRS for antenna port 0 – 1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbol for UpPTS per 5ms.		DL overhead: 
2 OFDM symbols for DL CCHs,
CRS for antenna ports 0 – 3 with antenna configuration a) and c), 
CRS for antenna port 0 – 1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbol for UpPTS per 5ms.		Downlink:
L=1-3 OFDM symbols for DL CCHs (max 2 in TDD special slot). Presented results presented are for L=3. L=2 and L=1 give 10% and 17% higher spectral efficiencies respectively.
CRS 
SCH
PBCH
MAC header

Uplink
4 PRBs for PUCCH
SRS (20ms period)
PRACH (10ms period)
MAC header		Downlink
UE-specifc RS 
CRS for one antenna port
MBSFN subframes used (6 of 10 for FDD and 4 of 10 for TDD). L=3 for MBSFN subframes assumed to be allowed.		DL overhead: 
TDD: 2 OFDM symbols for DL CCHs
FDD: 3 OFDM symbols for DL CCHs
CRS for antenna ports 0 –3 12REs/PRB for DRS with antenna configuration e).

UL overhead: 
TDD:8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbol for SRS per 5ms. 

FDD:4 PRBs for PUCCH (ACK/NAK, CQI, PMI) SRS (5ms period)		DL overhead: 
TDD: 2 OFDM symbols for DL CCHs
FDD: 3 OFDM symbols for DL CCHs
CRS for antenna ports 0 –3 12REs/PRB for DRS with antenna configuration e).		For downlink,
 3 OFDM symbols for PDCCH and 4 CRS (31% overhead)

For uplink,
4 PRBs for PUCCH (ACK/NAK, CQI, PMI) 
2 OFDM symbols for DMRSs per subframe,		Common DL overhead: 
3 OFDM symbols for DL CCHs, CRS for antenna ports 0 and 1, DRS ports 0 and 1.

Additional for MU-MIMO: 
4 sets of CSI RS every 5 ms with antenna configuration a), c);
8 sets of CSI RS every 5 ms with antenna configuration e). Density 2RE/port/RB.  (36.7% for 4Tx and 37.7% for 8Tx)

Additional for CoMP:
4 sets of CSI RS every 5 ms. 6 MBSFN and 4 normal subframes in each frame.                                     CRS overhead includes CRS (in the data region)  from all COMP transmission points, applicable to normal subframe.                            MBSFN subframe: 29.5%  for all cases;  non-MBSFN  subframe: 36.7% for 1 COMPTx point,  43.8% for 2 COMP Tx point  , 51% for 3 COMP Tx point		For baseline transmission (LTE) schemes:
• Overhead for CRS and antenna port 5 according to DL transmission schemes
• SRS overhead according to UL (and DL) scheduler and transmission scheme
• Overhead for UL CCH according to CQI/PMI reporting mode and periodicity used for DL simulation for the same scenario
• Overhead for DL CCH of X OFDM symbols (X=1 or 2 or 3)				DL overhead 3 symbols for DL CCHs (FDD and TDD), CRS;
UL overhead: 0.214 (4 PRBs for PUCCH, 2 symbols per slot for DMRS)				Downlink:
L=2-3 OFDM symbols for DL CCHs (max 2 in TDD special slot). Presented results are for L=3 and L=2 with L=2 giving 10% higher spectral efficiency than L=3.
CRS


Uplink
4 PRBs for PUCCH		Downlink
UE-specifc RS 
CRS for one antenna port
MBSFN subframes used (6 of 10 for FDD and 4 of 10 for TDD).		DL overhead: 
2 OFDM symbols for TDD DL CCHs(20M),3 OFDM symbols for FDD DL CCHs(10M),
CRS for antenna ports 0 – 3 with antenna configuration a) and c), 
CRS for antenna port 0 – 1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbol for UpPTS per 5ms.		DL overhead: 
2 OFDM symbols for TDD DL CCHs(20M),3 OFDM symbols for FDD DL CCHs(10M),
CRS for antenna ports 0 – 3 with antenna configuration c), 
CRS for antenna port 0 – 1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbol for UpPTS per 5ms.		DL overhead: 
2 OFDM symbols for DL CCHs,
CRS for antenna ports 0 – 3 with antenna configuration a) and c), 
CRS for antenna port 0 – 1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbol for UpPTS per 5ms.		DL overhead: 
2 OFDM symbols for DL CCHs,
CRS for antenna ports 0 – 3 with antenna configuration a) and c), 
CRS for antenna port 0 – 1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbol for UpPTS per 5ms.		Downlink:
3 OFDM symbols for DL CCHs. 
CRS for 4 antenna ports.
SCH,PBCH.


Uplink
4 PRBs for PUCCH
SRS (5ms period)
MAC header		Downlink: 6 MBSFN subframes and 4 normal subframes per frame. 
12REs per RB for UE-specific RS + CSI-RS for 4Tx.
CRS for one antenna port in non-MBSFN subframes.		Downlink:
L=2-3 OFDM symbols for DL CCHs (max 2 in TDD special slot). 
CRS 
SCH
PBCH
MAC header

Uplink
6 PRBs for PUCCH
SRS (5ms period)
PRACH (10ms period)
MAC header		Downlink:
L=2-3 OFDM symbols for DL CCHs (max 2 in TDD special slot). This does not imply 3 symbol MBSFN is allowed, but rather total control overhead is equivalent to 3 OFDM symbols. 
CRS, UE-RS, RQI-RS 
SCH
PBCH
MAC header
6 MBSFN subframes and 4 non-MBSFN subframes. CRS dimensioned for 1 Tx.

Uplink
6 PRBs for PUCCH
SRS (5ms period)
PRACH (10ms period)
MAC header		Downlink:
- DL CCH of 2 symbols 
- CRS for four antenna ports

Uplink:
- 4 PRBs for PUCCH
- 20 msec period SRS		Downlink:
- DL CCH of 2 symbols
- CRS for one antenna port (antenna virtulization)
- DM-RS with 12 REs per PRB
- 6 MBSFN subframes per frame

Uplink:
- 4 PRBs for PUCCH
- 20 msec period SRS		Aligned with assumptions.
Default is L=3 symbols for PDCCH.
4 PRBs for PUCCH for 10 MHz.
8 PRBs for PUCCH for 20 MHz.
SRS overhead: 1 symbol in every 10 TTI for FDD
SRS overhead: 1 symbol in UpPTS for TDD
UL DRS: 2 out of 14 symbols per TTI				DL:
- 4TX CRS overhead
- 3 OFDM symbols overhead 
UL:
- PUCCH: 6 PRBs for InH, 4 PRBs for UMi/UMa/RMa
- DMRS: 2 symbols per subframe
- 4 symbol SRS per frame		DL:
- 4TX CRS overhead
- 3 OFDM symbols overhead 

UL:
- PUCCH: 6PRBs for InH, 4PRBs for UMi/UMa/RMa
- DMRS: 2 symbols per subframe
- 4 symbol SRS per frame		DL:
3 OFDM symbols for DL CCHs 

UL:
4 PRBs for PUCCH		DL:
3 OFDM symbols for DL CCHs 

UL:
4 PRBs for PUCCH

		Feedback and control channel errors		None		None		None		None		None		None				None		None		None		None						None		None		None				None		None		None		None						None		None		None		None		Aligned with assumptions.				None		None		None		None

		Others								UL active ratio for TDD: (14+14+2)/ (14+14+14+14+13), DL active ratio for TDD: (14+14+11)/(14+14+14+14+13), GP is not active for both UL and DL; SRS is active for UL		UL active ratio for TDD: (14+14+2)/ (14+14+14+14+13), DL active ratio for TDD: (14+14+11)/(14+14+14+14+13), GP is not active for both UL and DL; SRS is active for UL																														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; SRS is active for UL.		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; SRS is active for UL.





InH

		

				Config				Requirement

										FDD																																TDD

										Huawei		CATT		Ericsson		ZTE		Samsung		Hitachi		Motorola		RITT		CMCC		TI		Qualcomm		DOCOMO		Nokia/NSN		Panasonic		NEC				Huawei		CATT		Ericsson		ZTE		Motorola		RITT		CMCC		Qualcomm		Nokia/NSN

		Downlink spectral efficiency		(A) Rel-8 Uncorr		Cell avg		3		3.99		4.25		4.39		4.04		4.136		4.26		4.72		3.96		4.58		4.36		3.75		4.19		3.92		3.82		4.31		(A) Rel-8 UncorrTDD		4.15		4.18		4.37		3.89		4.28		4.18		4.58		3.77		3.91

						Cell-edge		0.10000		0.20		0.20		0.20		0.24		0.203		0.200		0.217		0.205		0.166		0.209		0.151		0.196		0.181		0.132		0.20				0.21		0.19		0.19		0.23		0.189		0.195		0.157		0.151		0.173

				(B) Rel-8 Grouped		Cell avg		3.00000												4.26																				(B) Rel-8 GroupedTDD

						Cell-edge		0.10000												0.203

				(C)Rel-8 Corr		Cell avg		3.00000		4.00		4.19		3.15		4.07				4.38		4.67		3.93		4.13						4.16				3.94		3.99		(C)Rel-8 CorrTDD		4.15		4.12		3.19		3.95		4.16		4.17		4.11

						Cell-edge		0.10000		0.19		0.20		0.21		0.24				0.209		0.218		0.203		0.156						0.194				0.142		0.21				0.20		0.19		0.19		0.23		0.192		0.184		0.146

				(D) Rel-8 X-pol uncorr		Cell avg		3.00000														5.60																		(D) Rel-8 X-pol uncorrTDD

						Cell-edge		0.10000														0.209

				(E) Rel-8 X-pol corr		Cell avg		3.00000						4.66								5.64																		(E) Rel-8 X-pol corrTDD						4.63				5.32

						Cell-edge		0.10000						0.16								0.209																								0.14				0.214

				MU-MIMO w/o corrdination 4tx		Cell avg		3.00000														5.39																		MU-MIMO w/o corrdination 4tx										5.03

						Cell-edge		0.10000														0.210																												0.186

				MU-MIMO w/o corrdination 8tx		Cell avg		3.00000														5.60																		MU-MIMO w/o corrdination 8tx										5.18

						Cell-edge		0.10000														0.203																												0.198

				MU-MIMO w. corrdination 4tx		Cell avg		3.00000																																MU-MIMO w. corrdination 4tx

						Cell-edge		0.10000

				MU-MIMO w. corrdination 8tx		Cell avg		3.00000																																MU-MIMO w. corrdination 8tx

						Cell-edge		0.10000

				Joint processing CoMP 4tx		Cell avg		3.00000																																Joint processing CoMP 4tx

						Cell-edge		0.10000

				Joint processing CoMP 8tx		Cell avg		3.00000																																Joint processing CoMP 8tx

						Cell-edge		0.10000

		Uplink spectral efficiency / IoT		(A) Rel-8 Uncorr		Cell avg		2.25000		3.40		3.25		3.47		3.36		3.39		3.43		2.98		3.18		3.37		3.48		3.09		3.31		2.86		3.35		2.61		(A) Rel-8 UncorrTDD		3.40		3.03		3.29		3.18		2.94		2.99		3.12		3.04		2.80

						Cell-edge		0.07000		0.244		0.22		0.26		0.24		0.245		0.243		0.212		0.230		0.280		0.240		0.200		0.240		0.17		0.232		0.15				0.25		0.20		0.25		0.23		0.199		0.204		0.259		0.189		0.160

						IoT				0.139		9.78		0.10		2.21		10.030				9.294		2.600		0.243		0.130		0.200		0.100				0.140		11.30						9.82		0.10		2.22		9.345		2.600		0.238		0.200

				(B) Rel-8 Grouped		Cell avg		2.25000												3.43																				(B) Rel-8 GroupedTDD

						Cell-edge		0.07000												0.243

						IoT

				(C)Rel-8 Corr		Cell avg		2.25000		3.40		3.19		3.46		3.30		3.26		3.44		2.97		3.10		3.28		3.47								3.35				(C)Rel-8 CorrTDD		3.39		2.99		3.28		3.12		2.92		2.91		3.04

						Cell-edge		0.07000		0.242		0.22		0.26		0.24		0.234		0.245		0.203		0.215		0.277		0.240								0.232						0.26		0.20		0.25		0.22		0.193		0.191		0.256

						IoT				0.026		9.69		0.10		2.11		9.330				9.395		2.600		0.483		0.160								0.140								9.89				2.14		9.345		2.600		0.495

				(D)Rel-8 X-pol uncorr		Cell avg		2.25000																																(D)Rel-8 X-pol uncorrTDD

						Cell-edge		0.07000

						IoT

				(E)Rel-8 X-pol corr		Cell avg		2.25000						3.45																										(E)Rel-8 X-pol corrTDD						3.27

						Cell-edge		0.07000						0.26																																0.25

						IoT								0.10

				SU-MIMO 2x4		Cell avg		2.25		4.01								3.91												4.39		4.59				5.84				SU-MIMO 2x4

						Cell-edge		0.07		0.276								0.265												0.139		0.269				0.400

						IoT												9.630												0.670		0.100				0.490

				CoMP 1x4		Cell avg		2.25		3.42																						3.31								CoMP 1x4

						Cell-edge		0.07		0.271																						0.240

						IoT																										0.100

				CoMP 2x4		Cell avg		2.25		4.12																						4.64								CoMP 2x4

						Cell-edge		0.07		0.278																						0.271

						IoT																										0.100

				MU-MIMO 1x4 (A)		Cell avg								6.06

						Cell-edge								0.442

						IoT
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				Note: The unfulfilled requirement results are highlighted in red

								Requirement

										FDD																																		TDD

										Huawei		CATT		Ericsson		ZTE		Samsung		Hitachi		ALU		Motorola		RITT		CMCC		TI		Qualcomm		DOCOMO		Nokia/NSN		Panasonic		NEC				Huawei		CATT		Ericsson		ZTE		ALU		Motorola		RITT		CMCC		Qualcomm		Nokia/NSN

		Downlink spectral efficiency		(A) Rel-8 Uncorr		Cell avg		2.6		1.92		2.11		1.86		2.00		2.01		1.98		1.88		1.82		1.90		1.85		1.97		1.69		2.30		2.36		1.87		2.42		(A) Rel-8 UncorrTDD		2.04		2.05				1.96		1.84		1.79		1.96		1.81		1.73		2.30

						Cell-edge		0.075		0.058		0.068		0.055		0.062		0.063		0.056		0.051		0.076		0.051		0.054		0.058		0.065		0.073		0.081		0.520		0.10				0.062		0.066				0.060		0.050		0.079		0.051		0.051		0.066		0.081

				(B) Rel-8 Grouped		Cell avg		2.6										2.05		2.01																						(B) Rel-8 GroupedTDD

						Cell-edge		0.075										0.065		0.059

				(C)Rel-8 Corr		Cell avg		2.6		2.08		2.24		1.96		2.37		2.12		2.06		2.07		2.03		2.11		2.02		2.06		1.92		2.32		2.77		2.08		2.30		(C)Rel-8 CorrTDD		2.23		2.22				2.36				1.97		2.16		1.96		1.98		2.72

						Cell-edge		0.075		0.067		0.070		0.063		0.064		0.070		0.064		0.054		0.085		0.063		0.061		0.062		0.076		0.076		0.086		0.058		0.10				0.071		0.068				0.063				0.085		0.618		0.059		0.079		0.08

				(D) Rel-8 X-pol uncorr		Cell avg		2.6																2.09																		(D) Rel-8 X-pol uncorrTDD

						Cell-edge		0.075																0.077

				(E) Rel-8 X-pol corr		Cell avg		2.6		2.12												2.13		2.24																		(E) Rel-8 X-pol corrTDD		2.27						2.47				2.24

						Cell-edge		0.075		0.065												0.044		0.084																				0.071						0.105				0.079

				MU-MIMO w/o corrdination 4tx		Cell avg		2.6				2.86						2.78				2.18		2.88						3.17		2.95										MU-MIMO w/o corrdination 4tx		2.29		2.84						3.66		2.71		2.91		2.70		2.90

						Cell-edge		0.075				0.083						0.072				0.063		0.105						0.084		0.103												0.066		0.082						0.084		0.103		0.086		0.067		0.105

				MU-MIMO w/o corrdination 4tx (cofiguration (a))		Cell avg		2.6										2.95														2.65										MU-MIMO w/o corrdination 4tx (cofiguration (a))																		2.65

						Cell-edge		0.075										0.096														0.093																												0.092

				MU-MIMO w/o corrdination 8tx		Cell avg		2.6		3.48								3.48						3.03				3.36														MU-MIMO w/o corrdination 8tx		3.71		3.39										3.33		3.26

						Cell-edge		0.075		0.133								0.131						0.130				0.089																0.102		0.084										0.099		0.086

				SU-MIMO 8tx		Cell avg		2.6																2.89																3.58

						Cell-edge		0.075																0.109																0.17

				MU-MIMO w. corrdination 4tx		Cell avg		2.6						2.84																		2.99										MU-MIMO w. corrdination 4tx						2.78

						Cell-edge		0.075						0.092																		0.114																0.089

				MU-MIMO w corrdination 4tx (cofiguration (a))		Cell avg		2.6																								2.71										MU-MIMO w/o corrdination 4tx (cofiguration (a))

						Cell-edge		0.075																								0.103

				MU-MIMO w. corrdination 8tx		Cell avg		2.6						3.99		3.05																										MU-MIMO w. corrdination 8tx				3.74				3.20

						Cell-edge		0.075						0.105		0.088																														0.096				0.096

				Joint processing CoMP 4tx		Cell avg		2.6		3.32		3.06																														Joint processing CoMP 4tx		3.63		3.03

						Cell-edge		0.075		0.104		0.097																																0.079		0.096

				Joint processing CoMP 8tx		Cell avg		2.6																																		Joint processing CoMP 8tx

						Cell-edge		0.075

				Rel-8 - single-layer BF 8tx		Cell avg		2.6																2.09																		Rel-8 - single-layer BF 8tx		2.21		2.47								2.26				2.14

						Cell-edge		0.075																0.085																				0.092		0.076								0.108				0.084

				(A) Rel-8 Uncorr + intercell interference canceller		Cell avg		2.6																														3.04

						Cell-edge		0.075																														0.083

				(C) Rel-8 Corrr + intercell interference canceller		Cell avg		2.6																														3.22

						Cell-edge		0.075																														0.086

		Uplink spectral efficiency/ IoT		(A) Rel-8 Uncorr		Cell avg		1.8		1.93		1.95		2.23		1.92		1.96		1.99		1.84		2.06		1.79		2.08				1.78		1.99		1.90		1.91		1.75		(A) Rel-8 UncorrTDD		1.82		1.82		2.07		1.82				2.04		1.69		1.91		1.72		2.06

						Cell-edge		0.05		0.078		0.082		0.097		0.079		0.087		0.112		0.099		0.059		0.053		0.095				0.054		0.085		0.055		0.069		0.05				0.073		0.073		0.090		0.075				0.059		0.057		0.087		0.059		0.076

						IoT				5.400		9.930		10.000		9.892		9.870		9.945		10.641		11.173		10.000		9.565				4.160		12.900				6.700		16.10						9.740		10.000		9.803				11.367		10.000		9.620		3.310

				(B) Rel-8 Grouped		Cell avg		1.8												2.00																						(B) Rel-8 GroupedTDD

						Cell-edge		0.05												0.111

						IoT														9.658

				(C)Rel-8 Corr		Cell avg		1.8		1.93		1.89		2.21		1.90		1.92		1.96				1.90		1.67		1.98				1.81		1.95		1.80						(C)Rel-8 CorrTDD		1.78		1.81		2.04		1.80				1.89		1.62		1.82		1.76		2.00

						Cell-edge		0.05		0.076		0.08		0.090		0.077		0.077		0.099				0.057		0.053		0.086				0.058		0.080		0.065								0.070		0.070		0.082		0.072				0.056		0.050		0.079		0.060		0.070

						IoT				2.520		9.890		10.000		9.924		9.930		9.835				11.139		10.000		9.674				4.090		13.000												9.810		10.000		9.852				11.335		10.000		9.690		3.240

				(D)Rel-8 X-pol uncorr		Cell avg		1.8																																		(D)Rel-8 X-pol uncorrTDD

						Cell-edge		0.05

						IoT

				(E)Rel-8 X-pol corr		Cell avg		1.8		2.09		2.25		2.06												2.01		2.41														(E)Rel-8 X-pol corrTDD		1.90		2.11		1.90								2.29		2.22

						Cell-edge		0.05		0.105		0.077		0.084												0.062		0.122																0.089		0.072		0.077								0.079		0.119

						IoT				3.630		10.050		9.000												10.000		8.270																		9.990		9.000								10.000		8.197

				SU-MIMO 2x4		Cell avg		1.8		2.15								2.24														1.98		2.14				2.45				SU-MIMO 2x4																		1.90

						Cell-edge		0.05		0.085								0.088														0.051		0.085				0.071																						0.058

						IoT												9.670														5.530		14.600				8.100																						4.420

				CoMP 1x4		Cell avg		1.8		2.22																								2.12								CoMP 1x4

						Cell-edge		0.05		0.093																								0.096

						IoT																												12.900

				CoMP 2x4		Cell avg		1.8		2.42																								2.26								CoMP 2x4

						Cell-edge		0.05		0.102																								0.099

						IoT																												14.600

																																										MU-MIMO with 1x8(antenna E)				2.97

																																														0.079

																																														10.120

				MU-MIMO 1x4 (A)		Cell avg								2.37

						Cell-edge								0.074

						IoT

				MU-MIMO 2x4 (A)		Cell avg																										2.51										MU-MIMO 2x4 (A)																		2.79

						Cell-edge																										0.086																												0.068

						IoT																										7.200																												4.250



Moto:
more rank2 with x-pol

Moto: 
More rank2 with x-pol

Mot:
L=3, Co-pol 0.5L
MU-WB : 5.37, 0.193
MU-SB  : 5.39, 0.210

L=2, Co-pol 0.5L
MU-SB  : 5.89, 0.232

L=3, Co-pol 4L
MU-WB : 5.26, 0.188
MU-SB  : 5.39, 0.211

Moto:  X-pole 0.5L
MU WB - (more use of SU Rank 2)

Mot:
1x8 -
Cell avg 3.377
Cell-edge 0.248
IoT 9.191

Mot:
1x8 -
Cell avg 3.364
Cell-edge 0.246
IoT 9.243

Mot:
1x8 -
Cell avg 3.351
Cell-edge 0.243
IoT 9.294

Mot:
1x8 -
Cell avg 3.341
Cell-edge 0.242
IoT 9.345

DOCOMO:
Ideal channel estimation w/o IRC: 4.13
Ideal channel estimation w/ IRC: 4.47
Non-ideal channel estimation w/o IRC: 3.86
(Non-ideal channel estimation w/ IRC: 4.19)

DOCOMO:
Ideal channel estimation w/o IRC: 0.127
Ideal channel estimation w/ IRC: 0.210
Non-ideal channel estimation w/o IRC: 0.121
(Non-ideal channel estimation w/ IRC: 0.196)

DOCOMO:
Ideal channel estimation w/o IRC: 4.14
Ideal channel estimation w/ IRC: 4.44
Non-ideal channel estimation w/o IRC: 3.87
(Non-ideal channel estimation w/ IRC: 4.16)

DOCOMO:
Ideal channel estimation w/o IRC: 0.135
Ideal channel estimation w/ IRC: 0.208
Non-ideal channel estimation w/o IRC: 0.128
(Non-ideal channel estimation w/ IRC: 0.194)

DOCOMO:
Ideal channel estimation w/o IRC: 2.64
Ideal channel estimation w/ IRC: 3.31
Non-ideal channel estimation w/o IRC: 2.58
(Non-ideal channel estimation w/ IRC: 3.31)

DOCOMO:
Ideal channel estimation w/o IRC: 0.175
Ideal channel estimation w/ IRC: 0.240
Non-ideal channel estimation w/o IRC: 0.170
(Non-ideal channel estimation w/ IRC: 0.240)

DOCOMO:
Ideal channel estimation w/o IRC: 3.13
Ideal channel estimation w/ IRC: 4.70
Non-ideal channel estimation w/o IRC: 3.05
(Non-ideal channel estimation w/ IRC: 4.59)

DOCOMO:
Ideal channel estimation w/o IRC: 0.206
Ideal channel estimation w/ IRC: 0.275
Non-ideal channel estimation w/o IRC: 0.200
(Non-ideal channel estimation w/ IRC: 0.269)

DOCOMO:
Ideal channel estimation w/ IRC: 3.31
(Non-ideal channel estimation w/ IRC: 3.31)

DOCOMO:
Ideal channel estimation w/ IRC: 0.240
(Non-ideal channel estimation w/ IRC: 0.240)

DOCOMO:
Ideal channel estimation w/ IRC: 4.75
(Non-ideal channel estimation w/ IRC: 4.64)

DOCOMO:
Ideal channel estimation w/ IRC: 0.276
(Non-ideal channel estimation w/ IRC: 0.271)
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Downlink spectral efficiency

(A) Rel-8 Uncorr
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		CATT

		Ericsson



Cell avg
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Downlink spectral efficiency

(B) Rel-8 Grouped



		Huawei		Huawei

		CATT		CATT

		Ericsson		Ericsson

		ZTE		ZTE

		Samsung		Samsung



Cell avg

Cell-edge

Downlink spectral efficiency

(C)Rel-8 Corr

2.0778

0.0665

2.2379

0.0697

1.96

0.063

2.373

0.0637

2.12

0.07
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		Huawei		0.065255
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		Ericsson



Cell avg

Cell-edge

Downlink spectral efficiency

(E) Rel-8 X-pol corr

2.1191
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Cell avg
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(B) Rel-8 Grouped



		Huawei		0.0763

		CATT		0.0776

		Ericsson		0.0902

		ZTE		0.0772

		Samsung		0.077



Cell avg

Cell-edge

Uplink spectral efficiency/ IoT

(C)Rel-8 Corr

1.9276

1.8915

2.2064

1.9037

1.92
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(D)Rel-8 X-pol uncorr



		Huawei		0.1048

		CATT		0.0766

		Ericsson		0.084
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Uplink spectral efficiency/ IoT

(E)Rel-8 X-pol corr

2.0912

2.2504

2.0568
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		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

(A) Rel-8 UncorrTDD



		Huawei

		CATT

		Ericsson

		ZTE

		ALU

		Motorola

		RITT



Cell avg

Cell-edge

Downlink spectral efficiency

(B) Rel-8 GroupedTDD



		Huawei		0.0708034752

		CATT		0.0677

		Ericsson

		ZTE		0.0625

		ALU

		Motorola		0.084411

		RITT		0.618



Cell avg

Cell-edge

Downlink spectral efficiency

(C)Rel-8 CorrTDD

2.2312227158

2.2171

2.361

1.8537

2.162



		Huawei

		CATT

		Ericsson

		ZTE

		ALU

		Motorola

		RITT



Cell avg

Cell-edge

Downlink spectral efficiency

(D) Rel-8 X-pol uncorrTDD



		Huawei		0.0709152136

		CATT

		Ericsson

		ZTE		0.1048

		ALU

		Motorola		0.078595

		RITT



Cell avg

Cell-edge

Downlink spectral efficiency

(E) Rel-8 X-pol corrTDD

2.2729097391

2.4699

1.9559



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Cell avg

Cell-edge

Uplink spectral efficiency/ IoT

(A) Rel-8 UncorrTDD



		Huawei

		CATT

		Ericsson

		ZTE

		ALU

		Motorola

		RITT



Cell avg

Cell-edge

Uplink spectral efficiency/ IoT

(B) Rel-8 GroupedTDD



		Huawei		0.07

		CATT		0.0701

		Ericsson		0.0824

		ZTE		0.0721

		ALU

		Motorola		0.056

		RITT		0.05



Cell avg

Cell-edge

Uplink spectral efficiency/ IoT

(C)Rel-8 CorrTDD

1.7842

1.8057

2.0426

1.8001

1.891

1.6199



		Huawei

		CATT

		Ericsson

		ZTE

		ALU

		Motorola

		RITT



Cell avg

Cell-edge

Uplink spectral efficiency/ IoT

(D)Rel-8 X-pol uncorrTDD



		Huawei		0.0893

		CATT		0.0718

		Ericsson		0.0769

		ZTE

		ALU

		Motorola

		RITT		0.0786



Cell avg

Cell-edge

Uplink spectral efficiency/ IoT

(E)Rel-8 X-pol corrTDD

1.8951

2.1146

1.9005

2.29



		Huawei		0.133

		CATT

		Ericsson



Cell avg

Cell-edge

Downlink spectral efficiency

3.48



		Huawei

		CATT

		Ericsson		0.092



Cell avg

Cell-edge

Downlink spectral efficiency

#REF!

2.84



				Note: The unfulfilled requirement results are highlighted in red

				Config				Requirement

										FDD																																TDD

										Huawei		CATT		Ericsson		ZTE		Samsung		Hitachi		Motorola		RITT		CMCC		TI		Qualcomm		DOCOMO		Nokia/NSN		Panasonic		NEC				Huawei		CATT		Ericsson		ZTE		ALU		Motorola		RITT		CMCC		Qualcomm		Nokia/NSN

		Downlink spectral efficiency		(A) Rel-8 Uncorr		Cell avg		2.2		1.48		1.48				1.46		1.64		1.56		1.46		1.43		1.35		1.40						1.47		1.41		1.56		(A) Rel-8 UncorrTDD		1.58		1.42				1.40		1.42				1.50		1.31				1.48

						Cell-edge		0.06		0.054		0.043				0.044		0.053		0.038		0.051		0.037		0.036		0.040						0.044		0.038		0.07				0.052		0.041				0.039		0.036				0.037		0.035				0.043

				(B) Rel-8 Grouped		Cell avg		2.2												1.60																				(B) Rel-8 GroupedTDD

						Cell-edge		0.06												0.040

				(C)Rel-8 Corr		Cell avg		2.2		1.77		1.94		1.59		1.63		1.74		1.68		1.84		1.64		1.64		1.58		1.32		1.68				1.55		1.67		(C)Rel-8 CorrTDD		1.88		1.90				1.58		1.58		1.47		1.74		1.59		1.41

						Cell-edge		0.06		0.069		0.068		0.051		0.057		0.064		0.047		0.044		0.049		0.047		0.048		0.043		0.050				0.043		0.10				0.066		0.067				0.053		0.035		0.037		0.049		0.045		0.049

				(D) Rel-8 X-pol uncorr		Cell avg		2.2																																(D) Rel-8 X-pol uncorrTDD

						Cell-edge		0.06

				(E) Rel-8 X-pol corr		Cell avg		2.2		1.58				1.43								1.85																		(E) Rel-8 X-pol corrTDD		1.64						1.67		1.61

						Cell-edge		0.06		0.062				0.033								0.039																				0.063						0.082		0.027

				MU-MIMO w/o corrdination 4tx		Cell avg		2.2										1.86				2.48						2.66		2.36										MU-MIMO w/o corrdination 4tx		1.75								2.06		2.43		2.30		1.96

						Cell-edge		0.06										0.053				0.063						0.070		0.076												0.047								0.060		0.062		0.081		0.056

				MU-MIMO w/o corrdination 4tx (cofiguration (a))		Cell avg		2.2										1.90																						MU-MIMO w/o corrdination 4tx (cofiguration (a))

						Cell-edge		0.06										0.048

				MU-MIMO w/o corrdination 8tx		Cell avg		2.2		2.67								2.43								2.55														MU-MIMO w/o corrdination 8tx		3.29		2.84										2.92		2.48

						Cell-edge		0.06		0.088								0.080								0.070																0.098		0.067										0.075		0.067

				SU-MIMO 8tx		Cell avg		2.2																														3.46

						Cell-edge		0.06																														0.15

				MU-MIMO w. corrdination 4tx		Cell avg		2.2				2.48		2.38																2.33										MU-MIMO w. corrdination 4tx				2.43		2.34												2.21

						Cell-edge		0.06				0.067		0.073																0.083														0.065		0.072												0.069

				MU-MIMO w. corrdination 8tx		Cell avg		2.2						3.34		2.70																								MU-MIMO w. corrdination 8tx				3.10				2.77

						Cell-edge		0.06						0.088		0.085																												0.093				0.092

				Joint processing CoMP 4tx		Cell avg		2.2		2.32		2.32																												Joint processing CoMP 4tx		2.84		2.23

						Cell-edge		0.06		0.062		0.069																														0.070		0.068

				Joint processing CoMP 4tx (configuration (a))		Cell avg		2.2										2.27																						Joint processing CoMP 4tx (configuration (a))

						Cell-edge		0.06										0.062

				Joint processing CoMP 8tx		Cell avg		2.2																																Joint processing CoMP 8tx

						Cell-edge		0.06

				Rel-8 - single-layer BF 8tx		Cell avg																1.92																		Rel-8 - single-layer BF 8tx		2.01		1.95												1.79

						Cell-edge																0.078																				0.084		0.064												0.065

				(A) Rel-8 Uncorr + intercell interference canceller		Cell avg		2.2																												2.19

						Cell-edge		0.06																												0.052

				(C) Rel-8 Corrr + intercell interference canceller		Cell avg		2.2																												2.22

						Cell-edge		0.06																												0.060

		Uplink spectral efficiency / IoT		(A) Rel-8 Uncorr		Cell avg		1.4		1.55		1.52		1.74		1.53		1.57		1.59		1.56		1.48		1.79		1.55				1.55		1.43		1.56		1.51		(A) Rel-8 UncorrTDD		1.51		1.42		1.62		1.45				1.55		1.43		1.66				1.41

						Cell-edge		0.03		0.078		0.072		0.075		0.071		0.075		0.085		0.063		0.059		0.086		0.056				0.071		0.060		0.067		0.07				0.075		0.067		0.070		0.069				0.062		0.050		0.079				0.048

						IoT				5.140		9.740		9.000		9.822		9.840		9.782		10.414		10.000		9.874		7.800				11.600				6.500		13.40						9.990		9.000		9.787				10.607		10.000		9.892

				(B) Rel-8 Grouped		Cell avg		1.4												1.58																				(B) Rel-8 GroupedTDD

						Cell-edge		0.03												0.083

						IoT														9.563

				(C)Rel-8 Corr		Cell avg		1.4		1.50		1.44		1.67		1.48		1.45		1.56		1.49		1.41		1.69		1.52		1.51		1.65		1.40						(C)Rel-8 CorrTDD		1.42		1.41		1.56		1.41				1.48		1.32		1.55		1.44		1.40

						Cell-edge		0.03		0.077		0.069		0.073		0.070		0.070		0.082		0.060		0.054		0.077		0.045		0.046		0.077		0.046								0.074		0.056		0.068		0.066				0.059		0.050		0.071		0.055		0.050

						IoT				2.380		9.360		9.000		9.562		9.560		9.421		10.414		10.000		9.965		7.730		4.940		11.600												9.870		9.000		9.523				10.607		10.000		9.970		4.120

				(D)Rel-8 X-pol uncorr		Cell avg		1.4																																(D)Rel-8 X-pol uncorrTDD

						Cell-edge		0.03

						IoT

				(E)Rel-8 X-pol corr		Cell avg		1.4		1.51		1.88		1.54										1.95		2.04														(E)Rel-8 X-pol corrTDD		1.44		1.76		1.44										1.89

						Cell-edge		0.03		0.081		0.075		0.068										0.072		0.108																0.075		0.070		0.063										0.101

						IoT				3.210		9.950		8.000										8.500		8.172																		9.630		8.000										8.161

				SU-MIMO 2x4		Cell avg		1.4		1.80								1.75												1.62		1.88				2.03				SU-MIMO 2x4																		1.54

						Cell-edge		0.03		0.087								0.082												0.046		0.086				0.072																						0.059

						IoT												9.920												5.810		12.400				7.800																						4.810

				CoMP 1x4		Cell avg		1.4		1.95																						1.80								CoMP 1x4

						Cell-edge		0.03		0.096																						0.091

						IoT																										11.600

				CoMP 2x4		Cell avg		1.4		2.11																						2.02								CoMP 2x4

						Cell-edge		0.03		0.102																						0.097

						IoT																										12.400

																																								MU-MIMO with 1x8(antenna E)				2.74

																																												0.076

																																												9.910

				MU-MIMO 1x4 (A)		Cell avg								1.84

						Cell-edge								0.066

						IoT

				MU-MIMO 2x4 (A)		Cell avg																								1.91

						Cell-edge																								0.069

						IoT																								7.500



3Cells as a cluster, Max 6 users/cluster with rank adaptation. Ideal channel estimation

3Cells as a cluster, Max 6 users/cluster with rank adaptation. Ideal channel estimation.

Antenna E

Mot:
L=3, Co-pol 0.5L
MU-WB : 2.46, 0.082
MU-SB  : 2.88, 0.105

L=2, Co-pol 0.5L
MU-SB : 3.20, 0.118

L=3, X-pol 0.5L
MU-SB  : 2.23 0.091

L=3, Co-pol 4L
MU-WB : 2.15, 0.070
MU-SB  : 2.58, 0.108

Mot:
1x8 -
Cell avg 2.595
Cell-edge 0.073
IoT 11.430

Mot:
1x8 -
Cell avg 2.413
Cell-edge 0.074
IoT 11.430

Mot:
1x8 -
Cell avg 2.587
Cell-edge 0.073
IoT 11.553

Mot:
1x8 -
Cell avg 2.407
Cell-edge 0.073
IoT 11.553

MU-MIMO with rank-1 SU-MIMO PMI/CQI, wideband PMI, narrow band CQI,  regularized ZFBF

DOCOMO:
Ideal channel estimation w/o IRC: 2.02
Ideal channel estimation w/ IRC: 2.46
Non-ideal channel estimation w/o IRC: 1.89
(Non-ideal channel estimation w/ IRC: 2.30)

DOCOMO:
Ideal channel estimation w/o IRC: 0.058
Ideal channel estimation w/ IRC: 0.079
Non-ideal channel estimation w/o IRC: 0.055
(Non-ideal channel estimation w/ IRC: 0.073)

DOCOMO:
Ideal channel estimation w/o IRC: 2.01
Ideal channel estimation w/ IRC: 2.48
Non-ideal channel estimation w/o IRC: 1.88
(Non-ideal channel estimation w/ IRC: 2.32)

DOCOMO:
Ideal channel estimation w/o IRC: 0.057
Ideal channel estimation w/ IRC: 0.083
Non-ideal channel estimation w/o IRC: 0.053
(Non-ideal channel estimation w/ IRC: 0.076)

DOCOMO:
Ideal channel estimation w/o IRC: 1.79
Ideal channel estimation w/ IRC: 2.06
Non-ideal channel estimation w/o IRC: 1.72
(Non-ideal channel estimation w/ IRC: 1.99)

DOCOMO:
Ideal channel estimation w/o IRC: 0.071
Ideal channel estimation w/ IRC: 0.090
Non-ideal channel estimation w/o IRC: 0.067
(Non-ideal channel estimation w/ IRC: 0.085)

DOCOMO:
Ideal channel estimation w/o IRC: 1.78
Ideal channel estimation w/ IRC: 2.02
Non-ideal channel estimation w/o IRC: 1.71
(Non-ideal channel estimation w/ IRC: 1.95)

DOCOMO:
Ideal channel estimation w/o IRC: 0.072
Ideal channel estimation w/ IRC: 0.084
Non-ideal channel estimation w/o IRC: 0.068
(Non-ideal channel estimation w/ IRC: 0.080)

DOCOMO: antenna A
Ideal channel estimation w/o IRC: 1.94
Ideal channel estimation w/ IRC: 2.22
Non-ideal channel estimation w/o IRC: 1.87
(Non-ideal channel estimation w/ IRC: 2.14)

DOCOMO: antenna A
Ideal channel estimation w/o IRC: 0.073
Ideal channel estimation w/ IRC: 0.092
Non-ideal channel estimation w/o IRC: 0.068
(Non-ideal channel estimation w/ IRC: 0.085)

DOCOMO: antenna A
Ideal channel estimation w/ IRC: 2.19
(Non-ideal channel estimation w/ IRC: 2.12)

DOCOMO: antenna A
Ideal channel estimation w/ IRC: 0.102
(Non-ideal channel estimation w/ IRC: 0.096)

DOCOMO: antenna A
Ideal channel estimation w/ IRC: 2.34
(Non-ideal channel estimation w/ IRC: 2.26)

DOCOMO: antenna A
Ideal channel estimation w/ IRC: 0.105
(Non-ideal channel estimation w/ IRC: 0.099)

Che Xiangguang:
1x4 with MU-MIMO

Che Xiangguang:
1x4 with MU-MIMO

Mot:
L=3, x-pol 0.5L
MU-SB: 2.29/0.086

Mot:
X-pole 0.5L

L=3



		0		0

		0		0

		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

(A) Rel-8 Uncorr



		Huawei

		CATT

		Ericsson



Cell avg

Cell-edge

Downlink spectral efficiency

(B) Rel-8 Grouped



		0		0

		0		0

		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

(C)Rel-8 Corr



		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

(D) Rel-8 X-pol uncorr



		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

(E) Rel-8 X-pol corr



		Huawei		0.078

		CATT		0.0718

		Ericsson		0.0754

		ZTE

		Samsung



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(A) Rel-8 Uncorr

1.5487

1.5229

1.7366

1.5327

1.57



		Huawei

		CATT

		Ericsson



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(B) Rel-8 Grouped



		0		0

		0		0

		0		0

		0

		0



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(C)Rel-8 Corr



		0		0

		0		0

		0		0



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(D)Rel-8 X-pol uncorr



		0		0

		0		0

		0		0



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(E)Rel-8 X-pol corr



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

(A) Rel-8 UncorrTDD



		Huawei

		CATT

		Ericsson

		ZTE

		ALU

		Motorola

		RITT



Cell avg

Cell-edge

Downlink spectral efficiency

(B) Rel-8 GroupedTDD



		0		0

		0		0

		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

(C)Rel-8 CorrTDD



		0		0

		0		0

		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

(D) Rel-8 X-pol uncorrTDD



		0		0

		0		0

		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

(E) Rel-8 X-pol corrTDD



		Huawei		0.0754818182

		CATT		0.0669

		Ericsson		0.0699

		ZTE		0.0688

		ALU

		Motorola		0.062

		RITT		0.0504



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(A) Rel-8 UncorrTDD

1.5082772727

1.4162

1.6187

1.4498

1.553

1.4259



		Huawei

		CATT

		Ericsson

		ZTE

		ALU

		Motorola

		RITT



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(B) Rel-8 GroupedTDD



		Huawei		0.0737742424

		CATT		0.056

		Ericsson		0.0676

		ZTE		0.0663

		ALU

		Motorola		0.059

		RITT		0.0495



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(C)Rel-8 CorrTDD

1.4249545455

1.4077

1.5603

1.4052

1.48

1.319



		0		0

		0		0

		0		0

		0		0

		0		0



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(D)Rel-8 X-pol uncorrTDD



		0		0

		0		0

		0		0

		0		0

		0		0



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(E)Rel-8 X-pol corrTDD



		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency



		0		0

		0		0

		0		0



Cell avg

Cell-edge

Downlink spectral efficiency

#REF!



		

				Config				Requirement

										FDD																																		TDD

										Huawei		CATT		Ericsson		ZTE		Samsung		Hitachi		ALU		Motorola		RITT		CMCC		TI		Qualcomm		DOCOMO		Nokia/NSN		Panasonic		NEC				Huawei		CATT		Ericsson		ZTE		Motorola		RITT		CMCC		Qualcomm		Nokia/NSN

		Downlink spectral efficiency		(A) Rel-8 Uncorr		Cell avg		1.1		1.88		1.86				1.60		1.95		1.79		1.61				1.95		1.64		1.92						1.80		1.88		1.87		(A) Rel-8 UncorrTDD		1.98		1.83				1.55				2.00		1.59				1.73

						Cell-edge		0.04		0.068		0.057				0.052		0.067		0.051		0.050				0.057		0.050		0.066						0.040		0.060		0.09				0.073		0.056				0.050				0.057		0.048				0.040

				(B) Rel-8 Grouped		Cell avg		1.1												1.85																						(B) Rel-8 GroupedTDD

						Cell-edge		0.04												0.055

				(C)Rel-8 Corr		Cell avg		1.1		2.07		2.04		1.94		1.76		2.10		1.95				1.91		2.10		1.80		2.06		1.67		2.06				1.98		1.68		(C)Rel-8 CorrTDD		2.17		2.02				1.71		1.78		2.19		1.75		1.76

						Cell-edge		0.04		0.087		0.074		0.073		0.070		0.082		0.056				0.049		0.072		0.056		0.078		0.071		0.064				0.067		0.10				0.091		0.072				0.067		0.042		0.076		0.054		0.076

				(D) Rel-8 X-pol uncorr		Cell avg		1.1																																		(D) Rel-8 X-pol uncorrTDD

						Cell-edge		0.04

				(E) Rel-8 X-pol corr		Cell avg		1.1		1.83				1.86										1.81																		(E) Rel-8 X-pol corrTDD		1.91						2.09

						Cell-edge		0.04		0.075				0.050										0.043																				0.076						0.113

				MU-MIMO w/o corrdination 4tx		Cell avg		1.1																2.94																		MU-MIMO w/o corrdination 4tx										2.87				2.86

						Cell-edge		0.04																0.077																												0.075				0.086

				MU-MIMO w/o corrdination 8tx		Cell avg		1.1																				3.45														MU-MIMO w/o corrdination 8tx				3.13										3.33

						Cell-edge		0.04																				0.110																		0.082										0.106

				MU-MIMO w. corrdination 4tx		Cell avg		1.1						3.47																												MU-MIMO w. corrdination 4tx						3.42

						Cell-edge		0.04						0.112																																		0.109

				MU-MIMO w. corrdination 8tx		Cell avg		1.1																																		MU-MIMO w. corrdination 8tx

						Cell-edge		0.04

				Joint processing CoMP 4tx		Cell avg		1.1																																		Joint processing CoMP 4tx

						Cell-edge		0.04

				Joint processing CoMP 8tx		Cell avg		1.1																																		Joint processing CoMP 8tx

						Cell-edge		0.04

				Rel-8 - single-layer BF 8tx		Cell avg																																				Rel-8 - single-layer BF 8tx		2.24		2.12										2.25

						Cell-edge																																						0.109		0.076										0.088

				(A) Rel-8 Uncorr + intercell interference canceller		Cell avg		1.1																														2.68

						Cell-edge		0.04																														0.095

				(C) Rel-8 Corrr + intercell interference canceller		Cell avg		1.1																														2.73

						Cell-edge		0.04																														0.101

		Uplink spectral efficiency / IoT		(A) Rel-8 Uncorr		Cell avg		0.7		1.87		1.73		2.16		1.89		1.75		2.26		1.49		1.64		1.78		2.03		1.87				1.76		1.62		1.88		1.53		(A) Rel-8 UncorrTDD		1.90		1.58		2.02		1.80		1.64		1.74		1.88				1.55

						Cell-edge		0.015		0.104		0.102		0.109		0.104		0.092		0.113		0.091		0.056		0.088		0.101		0.080				0.082		0.072		0.106		0.07				0.103		0.094		0.101		0.099		0.056		0.087		0.094				0.070

						IoT				4.850				10.000		9.772		9.800		9.823		15.030		10.294		8.000		9.482		7.050				12.400				9.800		17.10						9.690		10.000		9.728		10.531		8.000		9.493

				(B) Rel-8 Grouped		Cell avg		0.7												2.23																						(B) Rel-8 GroupedTDD

						Cell-edge		0.015												0.107

						IoT														9.749

				(C)Rel-8 Corr		Cell avg		0.7		1.85		1.65		2.08		1.84		1.72		2.15				1.60		1.60		1.88		1.82		1.83		1.78								(C)Rel-8 CorrTDD		1.80		1.54		1.94		1.76		1.59		1.58		1.76		1.96

						Cell-edge		0.015		0.100		0.095		0.099		0.100		0.091		0.103				0.054		0.074		0.084		0.066		0.058		0.083										0.095		0.088		0.091		0.094		0.054		0.075		0.078		0.052

						IoT				1.930				10.000		9.633		9.100		9.625				10.334		8.000		9.691		7.300		4.150		12.500												9.970		10.000		9.773		10.569		8.000		9.684		4.080

				(D)Rel-8 X-pol uncorr		Cell avg		0.7																																		(D)Rel-8 X-pol uncorrTDD

						Cell-edge		0.015

						IoT

				(E)Rel-8 X-pol corr		Cell avg		0.7		1.74		2.05		1.97												1.95		2.21														(E)Rel-8 X-pol corrTDD		1.70		1.91		1.89								2.05

						Cell-edge		0.015		0.100		0.098		0.097												0.090		0.113																0.094		0.091		0.093								0.106

						IoT				3.130				9.000												8.000		7.456																		9.780		9.000								7.403

				SU-MIMO 2x4		Cell avg		0.7		2.32								2.27														1.90		2.09				2.46				SU-MIMO 2x4

						Cell-edge		0.015		0.129								0.126														0.062		0.101				0.129

						IoT												9.370														4.700		13.100				9.400

				CoMP 1x4		Cell avg		0.7		2.31																								1.94								CoMP 1x4

						Cell-edge		0.015		0.129																								0.099

						IoT																												12.500

				CoMP 2x4		Cell avg		0.7		2.58																								2.22								CoMP 2x4

						Cell-edge		0.015		0.154																								0.110

						IoT																												13.100

																																										MU-MIMO with 1x8(antenna E)				2.64

																																														0.101

																																														10.110

				MU-MIMO 1x4 (A)		Cell avg								2.28

						Cell-edge								0.098

						IoT



3Cells as a cluster, Max 6 users/cluster with rank adaptation. Ideal channel estimation

3Cells as a cluster, Max 6 users/cluster with rank adaptation. Ideal channel estimation

Antenna E

3Cells as a cluster, Max 6 users/cluster with rank adaptation. Ideal channel estimation

3Cells as a cluster, Max 6 users/cluster with rank adaptation. Ideal channel estimation

Mot:
L=3, Co-pol 0.5L
MU-WB : 2.36, 0.060
MU-SB  : 2.48, 0.063
L=2, Co-pol 0.5L
MU-SB  : 2.76, 0.068

Mot:
1x8 -
Cell avg 2.066
Cell-edge 0.085
IoT 10.645

Mot:
1x8 -
Cell avg 2.015
Cell-edge 0.083
IoT 10.682

Mot:
L=3, Co-pol 0.5L
MU-WB : 2.36, 0.060
MU-SB  : 2.43, 0.062
L=2, Co-pol 0.5L
MU-SB  : 2.76, 0.068

Mot:
1x8 -
Cell avg 2.062
Cell-edge 0.085
IoT 10.828

Mot:
1x8 -
Cell avg 2.010
Cell-edge 0.083
IoT 10.792

MU-MIMO based on rank-1 SU-MIMO PMI/CQI, wideband PMI, narrow-band CQI regularized ZFBF

DOCOMO:
Ideal channel estimation w/o IRC: 1.48
Ideal channel estimation w/ IRC: 
Non-ideal channel estimation w/o IRC: 1.38
Non-ideal channel estimation w/ IRC:

DOCOMO:
Ideal channel estimation w/o IRC: 0.040
Ideal channel estimation w/ IRC: 
Non-ideal channel estimation w/o IRC: 0.035
Non-ideal channel estimation w/ IRC:

DOCOMO:
Ideal channel estimation w/o IRC: 1.51
Ideal channel estimation w/ IRC: 1.80
Non-ideal channel estimation w/o IRC: 1.41
(Non-ideal channel estimation w/ IRC: 1.68)

DOCOMO:
Ideal channel estimation w/o IRC: 0.041
Ideal channel estimation w/ IRC: 0.055
Non-ideal channel estimation w/o IRC: 0.036
(Non-ideal channel estimation w/ IRC: 0.050)

DOCOMO:
Ideal channel estimation w/o IRC: 1.39
Ideal channel estimation w/ IRC: 1.61
Non-ideal channel estimation w/o IRC: 1.33
(Non-ideal channel estimation w/ IRC: 1.55)

DOCOMO:
Ideal channel estimation w/o IRC: 0.062
Ideal channel estimation w/ IRC: 0.075
Non-ideal channel estimation w/o IRC: 0.059
(Non-ideal channel estimation w/ IRC: 0.071)

DOCOMO:
Ideal channel estimation w/o IRC: 1.49
Ideal channel estimation w/ IRC: 1.72
Non-ideal channel estimation w/o IRC: 1.44
(Non-ideal channel estimation w/ IRC: 1.65)

DOCOMO:
Ideal channel estimation w/o IRC: 0.068
Ideal channel estimation w/ IRC: 0.082
Non-ideal channel estimation w/o IRC: 0.063
(Non-ideal channel estimation w/ IRC: 0.077)

DOCOMO: antenna C
Ideal channel estimation w/o IRC: 1.67
Ideal channel estimation w/ IRC: 1.96
Non-ideal channel estimation w/o IRC: 1.60
(Non-ideal channel estimation w/ IRC: 1.88)

DOCOMO: antenna C
Ideal channel estimation w/o IRC: 0.077
Ideal channel estimation w/ IRC: 0.091
Non-ideal channel estimation w/o IRC: 0.074
(Non-ideal channel estimation w/ IRC: 0.086)

DOCOMO: antenna C
Ideal channel estimation w/ IRC: 1.87
(Non-ideal channel estimation w/ IRC: 1.80)

DOCOMO: antenna C
Ideal channel estimation w/ IRC: 0.095
(Non-ideal channel estimation w/ IRC: 0.091)

DOCOMO: antenna C
Ideal channel estimation w/ IRC: 2.10
(Non-ideal channel estimation w/ IRC: 2.02)

DOCOMO: antenna C
Ideal channel estimation w/ IRC: 0.104
(Non-ideal channel estimation w/ IRC: 0.097)
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		Huawei		0.1027681818

		CATT		0.0941

		Ericsson		0.1013

		ZTE		0.0985

		Motorola		0.056

		RITT		0.0873



Cell avg

Cell-edge

Uplink spectral efficiency / IoT

(A) Rel-8 UncorrTDD

1.8990681818
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Cell avg

Cell-edge

Downlink spectral efficiency

#REF!



		

										Requirement		Huawei (FDD 4 BS ant.)		Panasonic		Ericsson		Company4		Samsung		Hitachi

				Downlink spectral efficiency		InH		Cell avg		3		3.99		3.82		4.39				4.136		4.38

								Cell-edge		0.1		0.196		0.132		0.204				0.203		0.209

						Umi		Cell avg		2.6		3.32		3.22		2.84				2.95

								Cell-edge		0.075		0.104		0.086		0.092				0.096

						Uma		Cell avg		2.2		2.32		2.22		2.38				2.43

								Cell-edge		0.06		0.062		0.060		0.073				0.080

						Rma		Cell avg		1.1		2.07		2.73		3.47				2.10		1.95

								Cell-edge		0.04		0.087		0.101		0.112				0.082		0.056

				Uplink spectral efficiency/IoT		InH		Cell avg		2.25		3.40		5.84		6.06				3.39		3.44

								Cell-edge		0.07		0.244		0.400		0.442				0.245		0.245

								IoT				0.139		0.490						10.030		9.802

						Umi		Cell avg		1.8		1.93		2.45		2.23				1.96		1.96

								Cell-edge		0.05		0.078		0.071		0.097				0.087		0.099

								IoT				5.400		8.100						9.870		9.835

						Uma		Cell avg		1.4		1.55		2.03		1.74				1.57		1.56

								Cell-edge		0.03		0.078		0.072		0.075				0.075		0.082

								IoT				5.140		7.800						9.840		9.421

						Rma		Cell avg		0.7		1.87		2.46		2.16				1.75		2.15

								Cell-edge		0.015		0.104		0.129		0.109				0.092		0.103

								IoT				4.850		9.400						9.800		9.625

		Req.

				Downlink spectral efficiency		InH		Cell avg		3		3		3		3		3		3		3

								Cell-edge		0.1		0.1		0.1		0.1		0.1		0.1		0.1

						Umi		Cell avg		2.6		2.6		2.6		2.6		2.6		2.6		2.6

								Cell-edge		0.075		0.075		0.075		0.075		0.075		0.075		0.075

						Uma		Cell avg		2.2		2.2		2.2		2.2		2.2		2.2		2.2

								Cell-edge		0.06		0.06		0.06		0.06		0.06		0.06		0.06

						Rma		Cell avg		1.1		1.1		1.1		1.1		1.1		1.1		1.1

								Cell-edge		0.04		0.04		0.04		0.04		0.04		0.04		0.04

				Uplink spectral efficiency/IoT		InH		Cell avg		2.25		2.25		2.25		2.25		2.25		2.25		2.25

								Cell-edge		0.07		0.07		0.07		0.07		0.07		0.07		0.07

								IoT

						Umi		Cell avg		1.8		1.8		1.8		1.8		1.8		1.8		1.8

								Cell-edge		0.05		0.05		0.05		0.05		0.05		0.05		0.05

								IoT

						Uma		Cell avg		1.4		1.4		1.4		1.4		1.4		1.4		1.4

								Cell-edge		0.03		0.03		0.03		0.03		0.03		0.03		0.03

								IoT

						Rma		Cell avg		0.7		0.7		0.7		0.7		0.7		0.7		0.7

								Cell-edge		0.015		0.015		0.015		0.015		0.015		0.015		0.015

								IoT



Mot:
L-3, Co-pol 0.5L
MU-WB : 2.90, 0.076
MU-S B  : 2.94, 0.077
L=2, Co-pol 0.5L
MU-SB  : 3.26, 0.087

Mot:
1x8 -
Cell avg 2.153
Cell-edge 0.073
IoT10.453

Mot:
1x8 - 
Cell avg 2.110
Cell-edge 0.072
IoT 10.531

Mot:
L=3, Co-pol 0.5L
MU-WB : 2.9, 0.076
MU-SB  : 2.87, 0.075
L=2, Co-pol 0.5L
MU-SB  : 3.26, 0.087

Mot:
1x8 -
Cell avg 2.150
Cell-edge 0.074
IoT 10.645

Mot:
1x8 -
Cell avg 2.098
Cell-edge 0.071
IoT10.645

DOCOMO:
Ideal channel estimation w/o IRC: 1.77
Ideal channel estimation w/ IRC: 
Non-ideal channel estimation w/o IRC: 1.66
Non-ideal channel estimation w/ IRC:

DOCOMO:
Ideal channel estimation w/o IRC: 0.050
Ideal channel estimation w/ IRC:
Non-ideal channel estimation w/o IRC: 0.044
Non-ideal channel estimation w/ IRC:

DOCOMO:
Ideal channel estimation w/o IRC: 1.82
Ideal channel estimation w/ IRC: 2.20
Non-ideal channel estimation w/o IRC: 1.70
(Non-ideal channel estimation w/ IRC: 2.06)

DOCOMO:
Ideal channel estimation w/o IRC: 0.049
Ideal channel estimation w/ IRC: 0.068
Non-ideal channel estimation w/o IRC: 0.045
(Non-ideal channel estimation w/ IRC: 0.064)

DOCOMO:
Ideal channel estimation w/o IRC: 1.56
Ideal channel estimation w/ IRC: 1.84
Non-ideal channel estimation w/o IRC: 1.49
(Non-ideal channel estimation w/ IRC: 1.76)

DOCOMO:
Ideal channel estimation w/o IRC: 0.070
Ideal channel estimation w/ IRC: 0.085
Non-ideal channel estimation w/o IRC: 0.067
(Non-ideal channel estimation w/ IRC: 0.082)

DOCOMO:
Ideal channel estimation w/o IRC: 1.57
Ideal channel estimation w/ IRC: 1.85
Non-ideal channel estimation w/o IRC: 1.50
(Non-ideal channel estimation w/ IRC: 1.78)

DOCOMO:
Ideal channel estimation w/o IRC: 0.071
Ideal channel estimation w/ IRC: 0.087
Non-ideal channel estimation w/o IRC: 0.067
(Non-ideal channel estimation w/ IRC: 0.083)

DOCOMO:
Ideal channel estimation w/o IRC: 1.84
Ideal channel estimation w/ IRC: 2.17
Non-ideal channel estimation w/o IRC: 1.77
(Non-ideal channel estimation w/ IRC: 2.09)

DOCOMO:
Ideal channel estimation w/o IRC: 0.082
Ideal channel estimation w/ IRC: 0.106
Non-ideal channel estimation w/o IRC: 0.079
(Non-ideal channel estimation w/ IRC: 0.101)

DOCOMO: antenna C
Ideal channel estimation w/ IRC: 2.02
(Non-ideal channel estimation w/ IRC: 1.94)

DOCOMO: antenna C
Ideal channel estimation w/ IRC: 0.103
(Non-ideal channel estimation w/ IRC: 0.099)

DOCOMO: antenna C
Ideal channel estimation w/ IRC: 2.30
(Non-ideal channel estimation w/ IRC: 2.22)

DOCOMO: antenna C
Ideal channel estimation w/ IRC: 0.114
(Non-ideal channel estimation w/ IRC: 0.110)



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Cell avg

Cell-edge

Reg Avg

Req CE

#REF!

InH



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Cell avg

Cell-edge

Reg Avg

Req CE

#REF!

Umi



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Cell avg

Cell-edge

Reg Avg

Req CE

#REF!

Uma



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Cell avg

Cell-edge

Reg Avg

Req CE

#REF!

Rma



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Cell avg

Cell-edge

Reg Avg

Req CE

Uplink spectral efficiency/IoT

InH



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Cell avg

Cell-edge

Reg Avg

Req CE

Uplink spectral efficiency/IoT

Umi



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Cell avg

Cell-edge

Reg Avg

Req CE

Uplink spectral efficiency/IoT

Uma



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Cell avg

Cell-edge

Reg Avg

Req CE

Uplink spectral efficiency/IoT

Rma



huawei:
R8 results, if not specified

erafura:
4x2 MU-MIMO with intra-site coordination

huawei:
DL CoMP-JP 4x2

huawei:
DL CoMP-JP 4x2

huawei:
DL CoMP-JP 4x2

huawei:
DL CoMP-JP 4x2
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