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Self-Evaluation Report on "LTE Release 10 and beyond (LTE-Advanced)"
The evaluation results provided here are in support of the submission of the 3GPP "LTE Release 10 & beyond (LTE-Advanced)" to the ITU-R as a candidate technology for the IMT-Advanced. This information supports the completion of the compliance templates described in section 4.2.4. of Report ITU-R M.2133 [7].
The 3GPP submission to the ITU-R includes the following templates organized as an FDD Radio Interface Technology component (FDD RIT) and as a TDD Radio Interface Technology component (TDD RIT). Together the FDD RIT and the TDD RIT comprise a Set of Radio Interface Technologies (SRIT).

The 3GPP developed FDD RIT and TDD RIT templates include characteristics and link budget templates and compliance templates for services, spectrum, and technical performance. These templates are found in Annex C.  
The capabilities addressed here span the capabilities from LTE Rel-8 and extend through Rel-10 and beyond. As such the capabilities represent a range of possible functionalities and solutions that might be adopted by 3GPP in the work on the further specifications of LTE.
The ITU-R documents in the references [7-10], the work of 3GPP and individual companies was utilized in the preparation of this self-evaluation report.
16.1
Peak spectral efficiency
Tables 16.1-1 and 16.1-2 show the downlink peak spectral efficiency for FDD and TDD, respectively. The spectral efficiency is derived based on the following assumptions: 20 MHz bandwidth, one symbol L1/L2 control, cell-specific reference signals corresponding to one and four cell-specific antenna ports, UE-specific reference signals corresponding to 24 and zero resource elements per resource-block pair, and PBCH/SS occupying a total of 564 and 528 resource elements per radio frame for DL 8 and 4-layer spatial multiplexing, respectively. In addition, UL/DL configuration 1 (2DL:1SP:2UL) and special-subframe configuration 4 (12DwPTS:1GP:1UpPTS, UpPTS for SRS transmission) are assumed in case of TDD.
The tables show that already LTE Rel-8 fulfills the ITU requirements in terms of downlink peak spectral efficiency. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on downlink peak spectral efficiency. The table also illustrates the further improved performance that can be achieved by using additional technology features (downlink 8-layer spatial multiplexing).
Table 16.1-1: DL peak spectrum efficiency for FDD
	Scheme
	Spectral efficiency [b/s/Hz]

	ITU Requirement
	15

	Rel-8 4-layer spatial multiplexing
	16.3

	8-layer spatial multiplexing
	30.6


Table 16.1-2: DL peak spectrum efficiency for TDD
	Scheme
	Spectral efficiency [b/s/Hz]

	ITU Requirement
	15

	Rel-8 4-layer spatial multiplexing
	16.0

	8-layer spatial multiplexing
	30.0


Tables 16.1-3 and 4 show the uplink peak spectral efficiency for FDD and TDD respectively. The spectral efficiency is derived based on the following assumptions: 20 MHz bandwidth, PUCCH of 2 resource block pairs per subframe and PRACH of 6 resource block pairs per radio frame. The same UL/DL and special-subframe configurations are assumed as for the downlink peak-spectral efficiency calculation, see above.

The tables show that the extension of LTE Rel-8 with 2-layer spatial multiplexing fulfills the ITU requirements in UL. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on uplink peak spectral efficiency. The tables also illustrate the further improved performance that can be achieved by using additional technology features (uplink 4-layer spatial multiplexing).

Table 16.1-3: UL peak spectral efficiency for FDD
	Scheme
	Spectral efficiency [b/s/Hz]

	ITU Requirement
	6.75

	2 layer spatial multiplexing
	8.4

	4 layer spatial multiplexing
	16.8


Table 16.1-4: UL peak spectral efficiency for TDD
	Scheme
	Spectral efficiency [b/s/Hz]

	ITU Requirement
	6.75

	2 layer spatial multiplexing
	8.1

	4 layer spatial multiplexing
	16.1


16.2
C-plane latency
16.2.1
Idle to Connected

The different steps involved in the transition from Idle to Connected mode in LTE-Advanced are depicted on Figure 16.2.1-1 below:
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Figure 16.2.1-1: From Idle to Connected mode

Taking LTE Release 8 as a baseline (see Annex B) and including the improvements described in subclause 10.1, the transition time from Idle to Connected mode can be reduced to 50ms as summarized in Table 16.2.1-1 below. Note that since the NAS setup portion is executed in parallel to the RRC one thanks to the combined request, it does not appear in the total (assuming that that the total delay of steps 11-14 is shorter than or equal to the total delay of steps 7-10…). Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on C-plane latency for Idle to Connected transition.
Table 16.2.1-1: Transition time from Idle to Connected mode

	Component
	Description
	Time (ms)

	1
	Average delay due to RACH scheduling period (1ms RACH cycle)
	0.5

	2
	RACH Preamble
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5

	6
	Transmission of RRC and NAS Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1

	9
	Processing delay in the UE (L2 and RRC)
	12

	10
	Transmission of RRC Connection Set-up complete
	1

	11
	Processing delay in eNB (Uu → S1-C)
	

	12
	S1-C Transfer delay
	

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	

	14
	S1-C Transfer delay
	

	15
	Processing delay in eNB (S1-C → Uu)
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5

	17
	Processing delay in UE (L2 and RRC)
	16

	
	Total delay
	50


16.2.2
Dormant to Active

As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is already synchronised are depicted on Figure 16.2.2-1 below:
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Figure 16.2.2-1: Dormant to Active transition for synchronised UE

Taking LTE Release 8 as a baseline (see Annex B) and includuding the PUCCH periodicity improvement described in subclause 10.2, the transition time from a Dormant to an Active state when the UE is already synchronised can be reduced to 9.5 ms as summarized in Table 16.2.2-1 below. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on C-plane latency for Idle to Connected transition.
Table 16.2.2-1: Dormant to Active transition for synchronized UE

	Component
	Description
	Time [ms]

	1
	Average delay to next SR opportunity (1ms PUCCH cycle)
	0.5

	2
	UE sends Scheduling Request
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	1

	
	Total delay
	9.5


16.3
U-Plane latency
As highlighted in subclause 10.2, LTE Rel-8 already benefits from a U-Plane latency below 10ms (see Annex B) for synchronised UEs. In situations where the UE does not have a valid scheduling assignment, or when the UE needs to synchronize and obtain a scheduling assignment, a reduced RACH scheduling period, shorter PUCCH cycle and reduced processing delays as described in subclause 10.1 could be used. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on C-plane latency for Idle to Connected transition.
16.4
Spectral efficiency and user throughput

Cell spectral efficiency and cell-edge spectral efficiency are evaluated through extensive simulations conducted by a number of companies. The simulation assumptions applied in the following evaluations are shown in Annex A. Detailed information covering a range of possible configurations is provided in Annex A.3 and [13]. In the tables below a subset of the configurations is provided from the data in [13]. This provides a representative selection of current and possible capabilities in various configurations that could be deployed. 

For downlink, cell spectral efficiency and cell-edge spectral efficiency are evaluated by assuming overhead corresponding to downlink control channels that spans L OFDM symbols with L = 1, L = 2 and L = 3. Each value in the table is obtained as an average of all the samples obtained by different companies. The number of samples is also shown in each table.

All the results below show that the requirement is fulfilled with L = 3, corresponding to the largest overhead except the system bandwidth 1.4 MHz. Relaxing the overhead assumption to L = 1 and 2 further enhances the throughput performance. 

16.4.1
Cell spectral efficiency and cell-edge spectral efficiency
16.4.1.1
Indoor

Tables 16.4.1.1-1 and16.4.1.1-2 show the downlink spectral-efficiency results in the indoor environment (InH (Indoor Hotspot) channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SU-MIMO 4 x 2 fulfills the ITU requirements. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on downlink cell-average and cell-edge spectral efficiency for the indoor environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.1-1: Downlink spectral efficiency in indoor (FDD), InH
	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	Rel-8 SU-MIMO

4 x 2 (A)
	3 / 0.1
	15
	4.8
	4.5
	4.1
	0.23
	0.21
	0.19

	MU-MIMO 4 x 2 (C)
	3 / 0.1
	3
	6.6
	6.1
	5.5
	0.26
	0.24
	0.22


Table 16.4.1.1-2: Downlink spectral efficiency (TDD), InH
	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	Rel-8 SU-MIMO

4 x 2 (A)
	3 / 0.1
	10
	4.7
	4.4
	4.1
	0.22
	0.20
	0.19

	MU-MIMO 4 x 2 (C)
	3 / 0.1
	4
	6.7
	6.1
	5.6
	0.24
	0.22
	0.20


Tables 16.4.1.1-3 and16.4.1.1-4 show the uplink spectral efficiency results in the indoor environment (InH channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SIMO 1 x 4 fulfills the ITU requirements. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on uplink cell-average and cell-edge spectral efficiency for the indoor environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features. 
Table 16.4.1.1-3: Uplink spectral efficiency (FDD), InH
	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge
[b/s/Hz]

	Rel-8 SIMO 1x4 (A)
	2.25 / 0.07
	13
	3.3
	0.23

	Rel-8 SIMO 1x4 (C)
	2.25 / 0.07
	10
	3.3
	0.24

	Rel-8 MU-MIMO 1x4 (A)
	2.25 / 0.07
	2
	5.8
	0.42

	SU-MIMO 2 x 4 (A)
	2.25 / 0.07
	5
	4.3
	0.25


Table 16.4.1.1-4: Uplink spectral efficiency (TDD), InH
	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
[b/s/Hz/cell]
	Cell edge
[b/s/Hz]

	Rel-8 SIMO 1x4 (A)
	2.25 / 0.07
	9
	3.1
	0.22

	Rel-8 SIMO 1x4 (C)
	2.25 / 0.07
	7
	3.1
	0.23

	Rel-8 MU-MIMO 1x4 (A)
	2.25 / 0.07
	2
	5.5
	0.39

	SU-MIMO 2 x 4 (A)
	2.25 / 0.07
	2
	3.9
	0.25


16.4.1.2
Microcellular
Tables 16.4.1.2-1 and16.4.1.2-2 show the downlink spectral efficiency results in the microcellular environment (UMi (Urban Micro) channel model) for FDD and TDD, respectively. The tables show that, with the extension of LTE Rel-8 with MU-MIMO 4 x 2, the ITU requirements are fulfilled. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on downlink cell-average and cell-edge spectral efficiency for the microcellular environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.2-1: Downlink spectral efficiency (FDD), UMi

	Scheme and antenna configuration
	ITU Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2 (C)
	2.6 / 0.075
	8
	3.5
	3.2
	2.9
	0.10
	0.096
	0.087

	MU-MIMO 4 x 2 (A)
	2.6 / 0.075
	3
	3.4
	3.1
	2.8
	0.12
	0.11
	0.099

	CS/CB-CoMP 4 x 2 (C)
	2.6 / 0.075
	5
	3.6
	3.3
	3.0
	0.11
	0.099
	0.089

	JP-CoMP 4 x 2 (C)
	2.6 / 0.075
	1
	4.5
	4.1
	3.7
	0.14
	0.13
	0.12

	MU-MIMO 8 x 2 (C/E)
	2.6 / 0.075
	4
	4.2
	3.8
	3.5
	0.15
	0.14
	0.13


Table 16.4.1.2-2: Downlink spectral efficiency (TDD), UMi

	Scheme and antenna configuration
	ITU Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2 (C)
	2.6 / 0.075
	8
	3.5
	3.2
	3.0
	0.11
	0.096
	0.089

	MU-MIMO 4 x 2 (A)
	2.6 / 0.075
	1
	3.2
	2.9
	2.7
	0.11
	0.10
	0.095

	CS/CB-CoMP 4 x 2 (C)
	2.6 / 0.075
	3
	3.6
	3.3
	3.1
	0.10
	0.092
	0.086

	JP-CoMP 4 x 2 (C)
	2.6 / 0.075
	1
	4.6
	4.2
	3.9
	0.10
	0.092
	0.085

	MU-MIMO 8 x 2 (C/E)
	2.6 / 0.075
	4
	4.2
	3.9
	3.6
	0.12
	0.11
	0.099


Tables 16.4.1.2-3 and16.4.1.2-4 show the uplink spectral efficiency results in the microcellular environment (UMi channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SIMO 1 x 4 fulfills the ITU requirements. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on uplink cell-average and cell-edge spectral efficiency for the microcellular environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.2-3: Uplink spectral efficiency (FDD), UMi

	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
[b/s/Hz/cell]
	Cell edge [b/s/Hz]

	Rel-8 SIMO 1 x 4 (C)
	1.8 / 0.05
	12
	1.9
	0.073

	Rel-8 MU-MIMO 1 x 4 (A)
	1.8 / 0.05
	2
	2.5
	0.077

	MU-MIMO 2 x 4 (A)
	1.8 / 0.05
	1
	2.5
	0.086


Table 16.4.1.2-4: Uplink spectral efficiency (TDD), UMi

	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average
[b/s/Hz/cell]
	Cell edge
[b/s/Hz]

	Rel-8 SIMO 1 x 4 (C)
	1.8 / 0.05
	9
	1.9
	0.070

	Rel-8 MU-MIMO 1 x 4 (A)
	1.8 / 0.05
	2
	2.3
	0.071

	MU-MIMO 2 x 4 (A)
	1.8 / 0.05
	1
	2.8
	0.068

	MU-MIMO 1 x 8 (E)
	1.8 / 0.05
	1
	3.0
	0.079


16.4.1.3
Base coverage urban
Tables 16.4.1.3-1 and 16.4.1.3-2 show the downlink spectral efficiency results of the base coverage urban environment (UMa (Urban Macro) channel model) for FDD and TDD, respectively. The tables show that, with the extension of LTE Rel-8 with the MU-MIMO 4 x 2 or CS/BF MU-MIMO 4 x 2, the ITU requirements are fulfilled. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on downlink cell-average and cell-edge spectral efficiency for the base coverage urban environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.3-1: Downlink spectral efficiency (FDD), UMa

	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2 (C)
	2.2 / 0.06
	7
	2.8
	2.6
	2.4
	0.079
	0.073
	0.066

	CS/CB-CoMP 4 x 2 (C)
	2.2 / 0.06
	6
	2.9
	2.6
	2.4
	0.081
	0.074
	0.067

	JP-CoMP 4 x 2 (A)
	2.2 / 0.06
	1
	3.0
	2.7
	2.5
	0.080
	0.073
	0.066

	CS/CB-CoMP 8 x 2 (C)
	2.2 / 0.06
	3
	3.8
	3.5
	3.2
	0.10
	0.093
	0.084


Table 16.4.1.3-2: Downlink spectral efficiency (TDD), UMa

	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2 (C)
	2.2 / 0.06
	7
	2.9
	2.6
	2.4
	0.079
	0.071
	0.067

	CS/CB-CoMP 4 x 2 (C)
	2.2 / 0.06
	4
	2.9
	2.6
	2.4
	0.083
	0.075
	0.070

	JP-CoMP 4 x 2 (C)
	2.2 / 0.06
	1
	3.6
	3.3
	3.1
	0.090
	0.082
	0.076

	CS/CB-CoMP 8 x 2 (C/E)
	2.2 / 0.06
	3
	3.7
	3.3
	3.1
	0.10
	0.093
	0.087


Tables 16.1.3-3 and16.4.1.3-4 show the uplink spectral efficiency results in the base coverage urban environment (UMa channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SIMO 1 x 4 fulfills the ITU requirements. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on uplink cell-average and cell-edge spectral efficiency for the base coverage urban environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.3-3: Uplink spectral efficiency (FDD), UMa

	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge
[b/s/Hz]

	Rel-8 SIMO 1 x 4(C)
	1.4 / 0.03
	12
	1.5
	0.062

	CoMP 1 x 4 (A)
	1.4 / 0.03
	2
	1.7
	0.086

	CoMP 2 x 4 (C)
	1.4 / 0.03
	1
	2.1
	0.099


Table 16.4.1.3-4: Uplink spectral efficiency (TDD), UMa

	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge
[b/s/Hz]

	Rel-8 SIMO 1x4 (C)
	1.4 / 0.03
	9
	1.5
	0.062

	CoMP 1 x 4 (C)
	1.4 / 0.03
	1
	1.9
	0.090

	CoMP 2 x 4 (C)
	1.4 / 0.03
	1
	2.0
	0.097

	MU-MIMO 1 x 8 (E)
	1.4 / 0.03
	1
	2.7
	0.076


16.4.1.4
High speed
Tables 16.4.1.4-1 and16.4.1.4-2 show the downlink spectral efficiency results in the high speed environment (RMa (Rural Macro) channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SU-MIMO 4 x 2 fulfills the ITU requirements. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on downlink cell-average and cell-edge spectral efficiency for the high speed environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.4-1: Downlink spectral efficiency (FDD), RMa

	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	Rel-8 SU-MIMO
4 x 2 (C)
	1.1 / 0.04
	15
	2.3
	2.1
	1.9
	0.081
	0.076
	0.069

	Rel-8 SU-MIMO
4 x 2 (A)
	1.1 / 0.04
	14
	2.1
	2.0
	1.8
	0.067
	0.063
	0.057

	MU-MIMO 4 x 2 (C)
	1.1 / 0.04
	3
	3.9
	3.5
	3.2
	0.11
	0.099
	0.090

	MU-MIMO 8 x 2 (C)
	1.1 / 0.04
	1
	4.1
	3.7
	3.4
	0.13
	0.12
	0.11


Table 16.4.1.4-2: Downlink spectral efficiency (TDD), RMa

	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	Rel-8 SU-MIMO
4 x 2 (C)
	1.1 / 0.04
	8
	2.0
	1.9
	1.8
	0.072
	0.067
	0.063

	Rel-8 SU-MIMO
4 x 2 (A)
	1.1 / 0.04
	7
	1.9
	1.7
	1.6
	0.057
	0.053
	0.049

	MU-MIMO
4 x 2 (C)
	1.1 / 0.04
	4
	3.5
	3.2
	3.0
	0.098
	0.089
	0.083

	MU-MIMO
8 x 2 (C/E)
	1.1 / 0.04
	2
	4.0
	3.6
	3.4
	0.12
	0.11
	0.10

	Rel-8 single-layer BF

8 x 2 (E)
	1.1 / 0.04
	4
	2.5
	2.3
	2.1
	0.11
	0.10
	0.093


Tables 16.4.1.4-3 and16.4.1.4-4 show the uplink spectral efficiency results in the high speed environment (RMa channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SIMO 1 x 4 fulfills the ITU requirements. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on uplink cell-average and cell-edge spectral efficiency for the high speed environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.
Table 16.4.1.4-3: Uplink spectral efficiency (FDD), RMa

	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	Rel-8 SIMO 1x4 (C)
	0.7 / 0.015
	11
	1.8
	0.082

	Rel-8 MU-MIMO 1x4 (A)
	0.7 / 0.015
	2
	2.2
	0.097

	CoMP 2 x 4 (A)
	0.7 / 0.015
	2
	2.3
	0.13


Table 16.4.1.4-4: Uplink spectral efficiency (TDD), RMa

	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge
[b/s/Hz]

	Rel-8 SIMO 1 x 4 (C)
	0.7 / 0.015
	8
	1.8
	0.080

	Rel-8 MU-MIMO 1 x 4 (A)
	0.7 / 0.015
	2
	2.1
	0.093

	CoMP 2 x 4 (A)
	0.7 / 0.015
	1
	2.5
	0.15

	MUMIMO 1 x 8 (E)
	0.7 / 0.015
	1
	2.6
	0.10


16.4.2
Number of supported VoIP users
The number of supported VoIP users (VoIP capacity) is evaluated through extensive simulations conducted by a number of companies. The simulation assumptions applied in the following evaluations are shown in Annex A. Detailed information covering a range of possible configurations is provided in Annex A.3 and [13]. In the tables below the results are provided by LTE Rel-8.

Tables 16.4.2-1 and16.4.2-2 show the VoIP capacity results in the Indoor, Microcellular, Base coverage urban and High speed for FDD and TDD, respectively. The tables show that already LTE Rel-8 fulfills the ITU requirements. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on VoIP capacity for all the environments. 
Table 16.4.2-1: VoIP capacity for FDD

	Antenna 

configuration
	Environment
	ITU requirement
	Number of samples
	Capacity [User/MHz/Cell]

	Antenna configuration (A)
	Indoor
	50
	3
	140

	
	Urban Micro 
	40
	3
	80

	
	Urban Macro
	40
	3
	68

	
	High Speed
	30
	3
	91

	Antenna configuration (C)
	Indoor
	50
	3
	131

	
	Urban Micro 
	40
	3
	75

	
	Urban Macro
	40
	3
	69

	
	High Speed
	30
	3
	94


Table 16.4.2-2: VoIP capacity for TDD

	Antenna 

configuration
	Environment
	ITU requirement
	Number of samples
	Capacity [User/MHz/Cell]

	Antenna configuration (A)
	Indoor
	50
	2
	137

	
	Urban Micro 
	40
	2
	74

	
	Urban Macro
	40
	2
	65

	
	High Speed
	30
	2
	86

	Antenna configuration (C)
	Indoor
	50
	3
	130

	
	Urban Micro 
	40
	3
	74

	
	Urban Macro
	40
	3
	67

	
	High Speed
	30
	3
	92


16.4.3
Mobility traffic channel link data rates
Mobility traffic channel link data rates are evaluated through extensive simulations conducted by a number of companies. The simulation assumptions applied in the following evaluations are shown in Annex A. Detailed information covering a range of possible configurations is provided in Annex A.3 and [13]. In the tables below the results are conducted by LTE Rel-8.

Tables 16.4.3-1 and16.4.3-2 show the mobility traffic channel link data rates in the Indoor, Microcellular, Base coverage urban and High speed for FDD and TDD, respectively. The tables show that already LTE Rel-8 fulfills the ITU requirements. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on mobility traffic channel link date rate for all the environments.
Table 16.4.3-1: Mobility traffic channel link data rates for FDD
	LOS/NLOS 
	Environment
	ITU

requirement
	Median SINR

[dB]
	Number of samples
	FDD UL Spectrum efficiency [b/s/Hz]

	Antenna configuration 1 x 4, NLOS
	Indoor
	1.0
	13.89
	7
	2.56

	
	Urban Micro 
	0.75
	4.54 
	7
	1.21

	
	Urban Macro
	0.55
	4.30 
	7
	1.08

	
	High Speed
	0.25
	5.42 
	7
	1.22

	Antenna configuration 1 x 4, LOS
	Indoor
	1.0
	13.89
	4
	3.15

	
	Urban Micro 
	0.75
	4.54 
	4
	1.42

	
	Urban Macro
	0.55
	4.30 
	4
	1.36

	
	High Speed
	0.25
	5.42 
	4
	1.45


Table 16.4.3-2: Mobility traffic channel link data rates for TDD

	LOS/NLOS 
	Environment
	ITU

requirement
	Median SINR

[dB]
	Number of samples
	TDD UL Spectrum efficiency [b/s/Hz]

	Antenna configuration 1 x 4, NLOS
	Indoor
	1.0
	13.89 

	4
	2.63

	
	Urban Micro 
	0.75
	4.54 

	4
	1.14

	
	Urban Macro
	0.55
	4.30 

	4
	0.95

	
	High Speed
	0.25
	5.42 

	4
	1.03

	Antenna configuration 1 x 4, LOS
	Indoor
	1.0
	13.89 

	2
	3.11

	
	Urban Micro 
	0.75
	4.54 

	2
	1.48

	
	Urban Macro
	0.55
	4.30 

	2
	1.36

	
	High Speed
	0.25
	5.42 

	2
	1.38


16.5
Handover Performance

The generic handover procedure of LTE-Advanced builds upon the one developed for LTE and is shown in Figure 16.5-1 below:
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Figure 16.5-1: U-Plane interruption in LTE-Advanced

Once the HO command has been processed by the UE, it leaves the source cell and stops receiving data. This is the point in time where data interruption starts. The first step after that is the radio synchronisation, which consists of:

1)
Frequency synchronization: typically the time taken for frequency synchronisation depends on whether the target cell is operating on the same carrier frequency as the currently served frequency or not. But since the UE has already identified and measured the target cell, this delay is negligible

2)
DL synchronization: although baseband and RF alignments always take some time, since the UE has already acquired DL synchronisation to the target cell in conjunction with previous measurement and can relate the target cell DL timing to the source cell DL timing with an offset, the corresponding delay is less than 1 ms.

Because forwarding is initiated before the UE moves and establishes connection to the target cell and because the backhaul is faster than the radio interface, forwarded data is already awaiting transmission in the target when the UE is ready to receive. This component therefore does not affect the overall delay.

In total, the interruption time is 10.5ms as summarized in Table 16.5-1 below. Note that this delay does not depend on the frequency of the target as long as the cell has already been measured by the UE, which is a typical scenario.

Table 16.5-1: U-Plane interruption in LTE-Advanced

	Component
	Description
	Time [ms]

	1
	Radio Synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period (1ms periodicity)
	0.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Datta
	1

	
	Total delay
	10.5


16.5.1
Intra-frequency handover interruption time
As explained in subclause 16.5 above, the interruption is 10.5ms regardless of the frequency of the target cell. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on intra-frequency handover interruption time.
16.5.2
Inter-frequency handover interruption time within a spectrum band
As explained in subclause 16.5 above, the interruption is 10.5ms regardless of the frequency of the target cell. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on inter-frequency handover interruption time within a spectrum band.
16.5.3
Inter-frequency handover interruption time between spectrum bands
As explained in subclause 16.5 above, the interruption is 10.5ms regardless of the frequency of the target cell. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on inter-frequency handover interruption time between spectrum bands.
16.6
Spectrum and bandwidth
16.6.1
Deployment in IMT bands
The bands in which the proposed FDD RIT component and TDD RIT component can be deployed are given in 11.2.2.
Both the FDD RIT and the TDD RIT fulfil the requirement of being able to utilize at least one band identified for IMT.
16.6.2
Bandwidth and channel bandwidth scalability

In both the FDD RIT and the TDD RIT, one component carrier supports a scalable bandwidth, 1.4, 3, 5, 10, 15 and 20 MHz (see 11.2.1.1). By aggregating multiple component carriers, wider transmission bandwidths up to 100 MHz are supported (see 5.1). 

Both the FDD RIT and the TDD RIT fulfil the requirement to support a scalable bandwidth up to and including 40 MHz.

Both the FDD RIT and the TDD RIT fulfil the requirement to support of at least three band-width values.
16.7
Services
The Quality of Service (QoS) framework of LTE-Advanced builds upon the one developed for LTE and therefore allows the support of a wide range of services. In LTE-Advanced, a bearer is the level of granularity for QoS control. Each bearer can be associated with several QoS parameters, e.g.:

-
QoS Class Identifier (QCI): scalar that is used as a reference to access node-specific parameters that control bearer level packet forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.), and that have been pre-configured by the operator owning the eNodeB. A one-to-one mapping of standardized QCI values to standardized characteristics is for instance captured in [4] for LTE.

Table 16.7-1: QCI Example (LTE)

	QCI
	Type
	Packet Delay Budget
	Packet Error Loss

Rate
	Example Services

	1
	GBR
	80 ms
	10-2
	Conversational Voice

	2
	
	130 ms
	10-3
	Conversational Video (Live Streaming)

	3
	
	30 ms
	10-3
	Real Time Gaming

	4
	
	280 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
	Non-GBR
	80 ms
	10-6
	IMS Signalling

	6
	
	
280 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	
80 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	

280 ms
	

10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 


-
Guaranteed Bit Rate (GBR): the bit rate that can be expected to be provided by a GBR bearer, 

The configuration of those QoS parameters, allows LTE-Advanced to support a wide range of services. In particular, LTE-Advanced can support basic conversational service class, rich conversational service class and conversational low delay service class. In addition, LTE-Advanced is also able to support the service classes of interactive high delay, interactive low delay, streaming live, streaming non-live and background, which are also given in § 7.4.4 of Report ITU-R M.2135. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on C-plane latency for Idle to Connected transition.
16.8
Conclusions of the Self-Evaluation
Under the IMT-Advanced process, as provided in [11], Step 6 is a decision step taking into account consideration of the evaluation results and is an assessment of the proposal as to whether it meets a version of the minimum technical requirements and evaluation criteria of the IMT‑Advanced currently in force. The 3GPP self-evaluation concludes that the LTE Release 10 & beyond (LTE-Advanced) SRIT and the individual FDD RIT and TDD RIT components completely satisfy the criteria of Step 6 and should move forward to Step 7 of the process. 
Under the IMT-Advanced process, as provided in [11], Step 7 is a decision step taking into account consideration of the evaluation results.  In Step 7 an RIT or SRIT will be accepted for inclusion in the standardization phase described in Step 8 of the process if it is determined that the RIT or SRIT meets the requirements for at least three of the four the required test environments. The 3GPP self-evaluation concludes that the LTE Release 10 & beyond (LTE-Advanced) SRIT and the individual FDD RIT and TDD RIT components completely satisfy the criteria of Step 7 and should move forward to Step 8 of the process.  In particular, the SRIT and the individual FDD RIT and TDD RIT components meet all the requirements in all four of the four defined test environments.
Consequently, the 3GPP LTE Release 10 & beyond (LTE-Advanced) technology should be included in the ITU-R IMT-Advanced terrestrial component radio interface Recommendation(s). 
16A
Performance Evaluation of LTE-Advanced for 3GPP target fulfillment 

This chapter provide cell spectral efficiency and cell-edge spectral efficiency results of LTE-Advanced technologies evaluated through extensive simulations conducted by a number of companies. System performance requirements defined in 3GPP are shown in [3], where the target values of cell spectral efficiency and cell-edge spectral efficiency are provided for 3GPP Case 1 channel model with 2-by-2, 4-by-2, and 4-by-4 antenna configurations for downlink and 1-by-2 and 2-by-4 antenna configurations for uplink. More details of the performance evaluation assumptions and results are shown in [18].
Tables 16A-1 and16A-2 show the downlink spectral efficiency results in the 3GPP Case1 environment for FDD and TDD, respectively. The tables show that, with the extension of LTE Rel-8 with MU-MIMO 4 x 2, the 3GPP targets are fulfilled. Thus it can be concluded that any of the evaluated LTE configurations fulfill the 3GPP targets on downlink cell-average and cell-edge spectral efficiency for the3GPP Case1 environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16A-1: Downlink spectral efficiency (FDD), Case1

	Scheme and antenna configuration
	3GPP Target

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=3
	L=3

	MU-MIMO 2 x 2 (C)
	2.4 / 0.07
	3
	2.69
	0.090

	JP-CoMP 2 x 2 (C)
	2.4 / 0.07
	2
	2.70
	0.104

	MU-MIMO 4 x 2 (C)
	2.6 / 0.09
	6
	3.43
	0.118

	CS/CB-CoMP 4 x 2 (C)
	2.6 / 0.09
	4
	3.34
	0.129

	JP-CoMP 4 x 2 (C)
	2.6 / 0.09
	2
	3.87
	0.162

	MU-MIMO 4 x 4 (C)
	3.7 / 0.12
	5
	4.69
	0.203

	CS/CB-CoMP 4 x 4 (C)
	3.7 / 0.12
	3
	4.66
	0.205

	JP-CoMP 4 x 4 (C)
	3.7 / 0.12
	2
	5.19
	0.269


Table 16A-2: Downlink spectral efficiency (TDD), Case1

	Scheme and antenna configuration
	3GPP Target

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=3
	L=3

	MU-MIMO 2 x 2 (C)
	2.4 / 0.07
	2
	2.88
	0.113

	JP-CoMP 2 x 2 (C)
	2.4 / 0.07
	1
	3.15
	0.130

	MU-MIMO 4 x 2 (C)
	2.6 / 0.09
	6
	3.76
	0.151

	JP-CoMP 4 x 2 (C)
	2.6 / 0.09
	2
	4.64
	0.199

	MU-MIMO 4 x 4 (C)
	3.7 / 0.12
	3
	4.97
	0.209

	CS/CB-CoMP 4 x 4 (C)
	3.7 / 0.12
	1
	5.06
	0.244

	JP-CoMP 4 x 4 (C)
	3.7 / 0.12
	1
	6.61
	0.330


Tables 16A-3 and16A-4 show the uplink spectral efficiency results in the 3GPP Case1 environment for FDD and TDD, respectively. The tables show that, Rel-8 SIMO, CoMP, SU-MIMO and MU-MIMO schemes fulfill the 3GPP targets. Thus it can be concluded that any of the evaluated LTE configurations fulfill the 3GPP targets on uplink cell-average and cell-edge spectral efficiency for the 3GPP Case1 environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16A-3: Uplink spectral efficiency (FDD), Case1

	Scheme and antenna configuration
	3GPP Target

(Ave./Edge)
	Number of samples
	Cell average
[b/s/Hz/cell]
	Cell edge [b/s/Hz]

	Rel-8 SIMO 1 x 2 (C)
	1.2 / 0.04
	6
	1.33
	0.047

	CoMP 1 x 2 (C)
	1.2 / 0.04
	1
	1.40
	0.051

	SU-MIMO 2 x 4 (C)
	2.0 / 0.07
	6
	2.27
	0.091


Table 16A-4: Uplink spectral efficiency (TDD), Case1

	Scheme and antenna configuration
	3GPP Target

(Ave./Edge)
	Number of samples
	Cell average
[b/s/Hz/cell]
	Cell edge
[b/s/Hz]

	Rel-8 SIMO 1 x 2 (C)
	1.2 / 0.04
	3
	1.24
	0.045

	CoMP 1 x 2 (C)
	1.2 / 0.04
	1
	1.51
	0.051

	SU-MIMO 2 x 4 (C)
	2.0 / 0.07
	3
	2.15
	0.090

	MU-MIMO 2 x 4 (C)
	2.0 / 0.07
	1
	2.59
	0.079
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