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Self-evaluation report 
 This section provides the proposed RIT’s performance evaluation results for the completion of the compliance templates contained in Report ITU-R M.2133[5]. The performance evaluation results are presented for cell spectral efficiency, cell-edge user spectral efficiency, mobility, VoIP, latency, handover interruption times, and other entries in compliance templates. All results were generated based on the IMT-Advanced evaluation methodology [7]. The main simulation assumptions and configuration parameters used for evaluating the performance of the RIT in the IMT-Advanced test environments are outlined in Annex 3 and are based on [6] and ‎[4]. 
7.1
Overview 

This section provides the details of the proposed RIT’s evaluation results for the completion of the compliance template for technical performance in Report ITU-R M.2133[5]. The performance evaluation results are presented for the entries of cell spectral efficiency (Section 7.2.1), cell edge user spectral efficiency (Section 7.2.1), number of supported VoIP users (Section 7.2.2), mobility traffic channel link data rates (Section 7.2.3), peak spectral efficiency (Section 7.2.4), control plane latency (Section 7.2.5), user plane latency (Section 7.2.5), intra-frequency hand-over interruption time (Section 7.2.5), inter-frequency handover interruption time within a spectrum band (Section 7.2.5), and inter-frequency handover interruption time between spectrum bands (Section 7.2.5). The evaluation results for other entries in the compliance template for technical performance, i.e. bandwidth, mobility classes, and inter-system handover, are provided in entries of comments in its compliance template in Section 8.3. The evaluation results for the completions of the compliance template for services and compliance template for spectrum in Report ITU-R M.2133 [5] are presented in entries of evaluator’s comments and spectrum capability requirements in each compliance template in Sections 8.1 and 8.2, respectively.

All results for the completion of the compliance template for technical performance were generated based on Report ITU-R M.2135 [7]. The evaluation assumptions, which are beyond the scope of ‎[7], are based on [6]. The main simulation assumptions and configuration parameters based on [4] and ‎[6], which are also beyond the scope of [7], used for evaluating the performance of the RIT through simulation procedure are outlined in Annex 3. Any additional simulation assumptions not explicitly specified in Annex 3 are presented in each relevant section.
All final results obtained through evaluations in this section are reflected in compliance template for technical performance in Section 8.3.

7.2
Evaluation results

7.2.1
Cell spectral efficiency and cell-edge user spectral efficiency

7.2.1.1
Simulation assumptions and parameters for full-buffer data traffic
The simulation assumptions and configuration parameters used in simulations for the full-buffer data traffic are as described in the tables in Annex 3. Compared to the tables in Annex 3, the following modifications/additions are made for full-buffer data traffic in FDD/TDD operations:

Downlink configuration

· Subchannelization for data allocations: In the case of the InH and UMi, Scheme-1 (subband-based CRU subchannelization) was selected in the simulations. In the case of UMa and RMa, Scheme-2 (miniband-based CRU subchannelization) was simulated. 
· Multi-antenna Transmission Format for data: In the case of InH and UMi, the 6-bit transformed codebook based MU-MIMO scheme was simulated using the 4 x 2 configuration, i.e., adaptive switching among rank-1, rank-2, rank-3, and rank-4 transmission. In the case of UMa and RMa, MU-MIMO with long term beamforming using the 4 x 2 configuration, i.e., adaptive switching among rank-1, rank-2, rank-3, and rank-4 transmission.  
· Receiver Structure: The MMSE receiver was simulated at the AMS for both channel estimation and data detection. 
· HARQ: Chase combining HARQ with maximum retransmission delay of four frames was used for the simulations. 
· Control signaling: Signaling errors were modelled for A-A-MAP and HF-A-MAP, and sounding estimation errors were modelled for A-MIDAMBLE. 
· Control Channel Overhead: Dynamic overhead modelling for A-A-MAP and HF-A-MAP and fixed overhead modelling for non-user specific A-MAP (NUS-A-MAP), A-PREAMBLE, A-MIDAMBLE, and SFH is used in this contribution. Detailed calculation of the downlink control channel overhead for each test environment is shown in Section 7.2. 1.2 
Uplink configuration

· Subchannelization for data allocations: In the case of the InH and UMi, Scheme-1 (subband-based CRU subchannelization) was selected in the simulations. In the case of UMa and RMa, Scheme-2 (miniband-based CRU subchannelization) was simulated.
· Multi-antenna Transmission Format for data: In the case of the InH and UMi, the 3-bit codebook-based MU-MIMO scheme was selected with adaptive switching between a single user and collaborative spatial multiplexing using 2x4 antenna configuration. In the case of UMa and RMa, the MU-MIMO scheme with long-term beamforming and adaptive switching between a single user and collaborative spatial multiplexing was used in the simulations using 2x4 antenna configuration.
· Receiver Structure: The MMSE receiver was simulated at the ABS for both channel estimation and data detection. 
· HARQ: Chase combining HARQ with retransmission delay of four frames was used for the simulations. 
· Control signaling: Signaling errors were modeled for PFBCH (UMa, RMa), SFBCH (InH, UMi), and H-FBCH, and sounding estimation errors were modelled for the Sounding channel.
· Control Channel Overhead: Dynamic overhead modeling for PFBCH, SFBCH and H-FBCH and fixed overhead modeling for long-term covariance matrix (LT-CM), Initial Ranging (IR), and Bandwidth Request (BW-REQ) are adopted. Detailed calculation of the uplink control channel overhead for each test environment is shown in Section 7.2.1.2.
7.2.1.2
Control channel overhead calculations
In this section, the details of the control overhead calculations for downlink and uplink are presented. 

Downlink calculations
The following assumptions were made for the downlink control channels:

· A-A-MAP: The A-A-MAP control overhead is dynamically calculated based on the scheduler allocations in each simulated frame of both DL and UL in each test environment. The average DL A-A-MAP and UL A-A-MAP overhead is accounted for in the estimation of the cell spectral efficiency and cell-edge user spectral efficiency. 

· HF-A-MAP: The overhead calculation for the HF-A-MAP channel is based on the dynamic calculation of the required ACKs/NACKs from the UL system level simulations for each test environment. 

· A-PREAMBLE: Fixed overhead of 1 OFDMA symbol per frame is assumed for both TDD and FDD.

· A-MIDAMBLE: Fixed overhead of 1 OFDMA symbol per frame is assumed for both TDD and FDD.

· SFH: Fixed overhead of 20 LRUs per superframe is assumed for both FDD and TDD.
In Table 7-1, the detailed downlink control channel overhead calculations are exemplarily shown for the TDD mode of the RIT in the case of the UMi test environment. Since there are 96 LRUs per subframe in the case of 20 MHz TDD, the total number of available LRUs is 96*5*(31/30) = 496 for the assumed 5:3 DL:UL ratio which leads to the use of 31 OFDMA symbols in the TDD portion of the DL frame.
Table 7-1: Detailed downlink control channel overhead calculations for the UMi of TDD mode
	
	Overhead (LRUs or symbols)
	Overhead percentage
	Comments

	DL A-A-MAP
	8.92 LRUs
	1.80%
	Average value from dynamic calculation in DL SLS

	UL A-A-MAP
	8.53 LRUs
	1.72%
	Average value from dynamic calculation in UL SLS

	NUS-A-MAP
	3.75 LRUs
	0.76%
	72 subcarriers per subframe

	HF-A-MAP
	1 LRU
	0.20%
	24 ACK/NACK channels per frame; 4 subcarrier per channel

	SFH
	5 LRUs
	1.01%
	20 LRU every superframe; 5 LRUs per frame

	A-PREAMBLE
	1 symbol
	3.23%
	1 symbol out of 31 symbols

	A-MIDAMBLE
	1 symbol
	3.23%
	1 symbol out of 31 symbols

	Total overhead percentage
	
	11.95%
	


The overhead calculations for the other test environments follow the methodology used for the calculations in Table 7-1. Table 7-2 contains the summary of the downlink control channel overhead calculations for TDD and FDD.
Table 7-2: Summary of downlink total control channel overhead percentage per mode (TDD/FDD) and test environment (InH, UMi, UMa, RMa)
	
	InH
	UMi
	UMa
	RMa

	TDD
	9.01%
	11.95%
	11.22%
	11.35%

	FDD
	9.38%
	16.69%
	14.58%
	14.36%


Uplink calculations

The following assumptions were made for the uplink control channels:

· PFBCH: The UL control overhead of the PFBCH is calculated according to the PFBCH reporting period of 5 ms for UMa and RMa, and by assuming that all 10 users/sector transmit the PFBCH in each 5 ms frame. 

· SFBCH: The UL control overhead of the SFBCH is calculated according to the SFBCH reporting period of 10 ms for InH and UMi, and by assuming that all 10 users/sector transmit the SFBCH in each 5 ms frame. 

· H-FBCH: The overhead of the H-FBCH was based on the dynamic calculation of the required ACKs/NACKs from the DL system level simulations for each test environment.

· LT-CM: Although the feedback of the LT-CM is not assumed to be received through a dedicated UL control channel but through a regular UL MAC management burst, its overhead is included in the calculation of the UL control overhead. Fixed overhead of the LT-CM feedback is assumed assuming a reporting period of 20 ms for both UMa and RMa. 

· Sounding: To enable the required sounding capabilities for both FDD and TDD, fixed overhead of 2 symbols per long TTI and 2 symbols per 5 ms frame is assumed for FDD and TDD, respectively.

· IR: Fixed overhead of 4 LRUs per superframe is assumed for both TDD and FDD.

· BW-REQ: Fixed overhead of 4 LRUs per superframe is assumed for both TDD and FDD.
In Table 7-3, the detailed uplink control channel overhead calculations are exemplarily shown for the TDD mode of the RIT in the case of the UMi and the UMa test environment. It is noted that due to the different subchannelization used for UMi and UMa, SFBCH is used for the UMi and PFBCH is used for the UMa. Since we have 96 LRUs per subframe in the case of 20 MHz TDD, the total number of available LRUs is 96*3*(19/18) = 304 for the assumed 5:3 DL:UL ratio which leads to the use of 19 OFDMA symbols in the TDD portion of the UL frame.
Table 7-3: Detailed uplink control channel overhead calculations for the UMi and UMa of TDD mode
	
	UMi
	UMa
	Comments

	
	Overhead (LRUs or symbols)
	Overhead percentage 
	Overhead (LRUs or symbols)
	Overhead percentage
	

	PFBCH
	-
	-
	3.33 LRUs
	1.10%
	

	SFBCH
	3.33 LRUs
	1.10%
	-
	-
	1 channel per user and per frame

	H-FBCH
	1.33 LRUs
	0.44%
	1.33 LRUs
	0.44%
	24 ACK/NACK channels per frame

	LT-CM
	2.5 LRUs
	0.82%
	2.5 LRUs
	0.82%
	1 LRU every 20 ms per user

	Sounding
	2 symbols
	10.53%
	2 symbols
	10.53%
	2 symbols per frame

	IR
	1 LRU
	0.33%
	1 LRU
	0.33%
	4 LRUs per superframe

	BW-REQ
	1 LRU
	0.33%
	1 LRU
	0.33%
	4 LRUs per superframe

	Total overhead percentage
	
	13.55%
	
	13.55%
	


The overhead calculations for the other test environments follow the methodology used for the calculations in Table 7-3. Table 7-4 contains the summary of the uplink control channel overhead calculations for TDD and FDD.
Table 7-4: Summary of uplink total control channel overhead percentage per mode (TDD/FDD) and test environment (InH, UMi, UMa, RMa)
	
	InH
	UMi
	UMa
	RMa

	TDD
	12.03%
	13.55%
	13.55%
	13.55%

	FDD
	9.13%
	10.42%
	10.42%
	10.42%


7.2.1.3
Cell spectral efficiency and cell edge user spectral efficiency results
In Section 7.2.1.3.1, the downlink cell spectral efficiency and cell edge user spectral efficiency results obtained from the performance evaluation of the RIT are presented for both TDD and FDD. The corresponding numbers for the uplink are presented in Section 7.2.1.3.2.

7.2.1.3.1
Downlink results
Table 7-5 and Table 7-6 present the TDD downlink cell spectral efficiency and cell-edge user spectral efficiency, respectively, for all test environments. Table 7-7 and Table 7-8 present the corresponding numbers for FDD. In each table, the ITU-R requirement for each test environment is also shown.
Table 7-5: Downlink cell spectral efficiency in bit/s/Hz/cell for TDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	5.90
	3.24
	2.51
	3.17

	ITU-R requirement
	3.0
	2.6
	2.2
	1.1


Table 7-6: Downlink cell edge user spectral efficiency in bit/s/Hz/cell for TDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	0.254
	0.097
	0.070
	0.094

	ITU-R requirement
	0.1
	0.075
	0.06
	0.04


Table 7-7: Downlink cell spectral efficiency in bit/s/Hz/cell for FDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	5.90
	3.13
	2.44
	3.12

	ITU-R requirement
	3.0
	2.6
	2.2
	1.1


Table 7-8: Downlink cell edge user spectral efficiency in bit/s/Hz/cell for FDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	0.255
	0.096
	0.068
	0.092

	ITU-R requirement
	0.1
	0.075
	0.06
	0.04


7.2.1.3.2
Uplink results
Table 7-9 and Table 7-10 present the TDD uplink cell spectral efficiency and cell edge user spectral efficiency, respectively, for all test environments. Table 7-11 and table 7-12 present the corresponding numbers for FDD. In each table, the ITU-R requirement for each test environment is also shown.

Table 7-9: Uplink cell spectral efficiency in bit/s/Hz/cell for TDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	5.47
	2.49
	2.50
	2.55

	ITU-R requirement
	2.25
	1.8
	1.4
	0.7


Table 7-10: Uplink cell edge user spectral efficiency in bit/s/Hz/cell for TDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	0.380
	0.122
	0.113
	0.115

	ITU-R requirement
	0.07
	0.05
	0.03
	0.015


Table 7-11: Uplink cell spectral efficiency in bit/s/Hz/cell for FDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	5.53
	2.47
	2.46
	2.58

	ITU-R requirement
	2.25
	1.8
	1.4
	0.7


Table 7-12: Uplink cell edge user spectral efficiency in bit/s/Hz/cell for FDD
	
	InH
	UMi
	UMa
	RMa

	Cell spectral efficiency
	0.386
	0.122
	0.112
	0.117

	ITU-R requirement
	0.07
	0.05
	0.03
	0.015


7.2.2
VoIP capacity 

7.2.2.1
Simulation assumptions and parameters for VoIP traffic

The modeling assumptions and configurations used in the system level simulations for VoIP are as described in the tables in Annex 3. Additional details relevant to system level simulations of the RIT for VoIP are listed in this section. In relations to information in Annex 3, the following items are specific to VoIP traffic:

Downlink configuration
· Subchannelization for VoIP allocations: A mix of DRU and miniband CRU subchannelization schemes is used in the simulations. Since the control channels are always allocated in distributed resources, a fixed partition is used in each subframe between the DRU and miniband CRU resources. 
· Multi-antenna Transmission Format for VoIP: In the case of DRU, SFBC with non-adaptive precoding is used. In the case of miniband CRU, rank-1 tranmission with wideband beamforming is used. 

· Receiver Structure: The MMSE receiver was simulated at the AMS for both channel estimation and data detection. 

· HARQ: Chase combining HARQ with maximum retransmission delay of 4 frames was used.
· Control channel overhead: 
· A-MAP Region: A fixed overhead is assumed for NUS-A-AMAP and HF-A-MAP. The A-A-MAP control overhead is explicitly simulated based on the scheduler allocations in each simulated subframe on both DL and UL in each test environment.
· A-PREAMBLE: Fixed overhead of 1 OFDMA symbol per frame is assumed.

· A-MIDAMBLE: Fixed overhead of 1 OFDMA symbol per frame is assumed. Midamble estimation errors are included in the presented results. 
· SFH: 20 LRUs are reserved for the SFH in the first subframe of every superframe. 
· Control Channel Signaling Errors: Although the DL control overhead is accurately estimated, no signaling errors were modelled. To account for A-MAP signaling errors the downlink VoIP capacity numbers are decreased by 5% to account for the expected degradation in performance. 
· Persistent Scheduling: Persistent scheduling for individual VoIP connections as described in [6] is modelled. The MAC procedure and dynamic control overhead based on the persistent allocation A-MAP IE for initial transmissions is modelled. HARQ retransmissions are not scheduled persistently. 
· Control Channel Overhead: A dynamic overhead model for the A-A-MAP and SFH and a fixed overhead model for the other DL control channels are used. 
Uplink configuration
· Subchannelization for VoIP allocations: DRU-based subchannelization is used.
· Multi-antenna Transmission Format for VoIP: Open loop SFBC with a 2x4 antenna configuration is used. 
· Receiver Structure: The MMSE receiver was simulated at the ABS for both channel estimation and data detection. 
· HARQ: Chase combining HARQ with retransmission delay of four frames was used for the simulations. 
· Control signaling: 
· PFBCH: The PFBCH is utilized for feeding back CQI information. Additionally, when wideband beamforming is used, wideband PMI is also fed back. UL control overhead induced by the PFBCH is calculated in a fixed manner according to the reporting period derived from the number of active users, voice activity factor, and duration of persistence for persistent scheduling. Further, although the PFBCH is appropriately delayed in the simulations. No feedback errors are explicitly modelled for the results presented in this contribution.
· HARQ feedback control channel (H-FBCH): The overhead from the H-FBCH was based on the maximum number (30) of required ACKs/NACKs in each subframe from the DL system level VoIP simulations for each test environment.
· Sounding channel: To facilitate sounding for 16 users per frame when the system is operating at the maximum VoIP capacity, a fixed overhead of 2 OFDMA symbols per frame is assumed.
· Initial Ranging (IR): Fixed overhead of 1 LRU per frame is used.
· Bandwidth request (BW-REQ) channels: Fixed overhead of 1 LRU per frame is used.
· Control Channel Signaling Errors: Although the UL control overhead is accurately estimated, no signaling errors were modeled. To account for UL signaling errors, the uplink VoIP capacity numbers are decreased by 5% to account for the expected degradation in performance. 
· Persistent Scheduling: Persistent scheduling for individual VoIP connections as described in [6] is modelled. The MAC procedure and dynamic control overhead based on the persistent allocation A-MAP IE for initial transmissions is modelled. HARQ retransmissions are not scheduled persistently. 
· Control Channel Overhead: A fixed overhead model for the UL control channels is used.
7.2.2.2
VoIP capacity results
Table 7-13 and Table 7-14 summarize the VoIP capacity results for the RIT based on the assumptions of Section 7.2.2.1.
Table 7-13: VoIP capacity (users/sector/MHz) for TDD
	Test environment
	DL
	UL
	Minimum {DL, UL}
	ITU required

	Indoor (InH)
	145
	157
	145
	50

	Microcellular (UMi) 
	80
	105
	80
	40

	Base coverage urban (UMa) 
	75
	90
	75
	40

	High speed (RMa)
	87
	103
	87
	30


Table 7-14: VoIP capacity (users/sector/MHz) for FDD
	Test environment
	DL
	UL
	Minimum {DL, UL}
	ITU required

	Indoor (InH)
	136
	156
	136
	50

	Microcellular (UMi) 
	75
	100
	75
	40

	Base coverage urban (UMa) 
	70
	94
	70
	40

	High speed (RMa)
	93
	102
	93
	30


7.2.3
Mobility requirements 

Following the evaluation methodology for the mobility requirement[7], in a first step uplink system-level simulations were run for each test environment to obtain the uplink SINR distribution. From the uplink SINR distribution the median (or 50th percentile) value is obtained for each test environment. In a second step, link-level simulations were run to generate the spectral efficiency versus SNR curves for each test environment. The generated spectral efficiency numbers include the impact of control channel overhead by accounting for the average control channel overhead from the uplink system-level simulations for each test environment. To assess whether the RIT meets the mobility requirement, the spectral efficiency value from the link-level curves is obtained for the median SINR value from the system-level simulations. 
Table 7-15 and Table 7-16 summarize the results for TDD and FDD, respectively. It is noted that the link-level curves were generated for the NLOS channel models of each test environment.
Table 7-15: Mobility requirement data for TDD
	Test environment
	Median SINR (in dB)
	Achieved spectral efficiency (in bit/s/Hz)
	Required spectral efficiency (in bit/s/Hz)

	InH (10 km/h)
	15.0
	2.87
	1.0

	UMi (30 km/h)
	4.0
	1.16
	0.75

	UMa (120 km/h)
	3.7
	1.08
	0.55

	RMa (350 km/h)
	4.9
	1.03
	0.25


Table 7-16: Mobility requirement data for FDD
	Test environment
	Median SINR (in dB)
	Achieved spectral efficiency (in bit/s/Hz)
	Required spectral efficiency (in bit/s/Hz)

	InH (10 km/h)
	15.0
	2.95
	1.0

	UMi (30 km/h)
	4.0
	1.28
	0.75

	UMa (120 km/h)
	3.7
	1.06
	0.55

	RMa (350 km/h)
	4.9
	1.03
	0.25


7.2.4
Peak spectral efficiency
This section shows the methodology to calculate the peak spectral efficiency and its results for the proposed RIT. The analysis follows the guideline and definition provided in Reports ITU-R M.2134 [8] and Report ITU-R M.2135 [7]. The FDD and TDD modes of the RIT are considered and the case for the channel bandwidth of 20 MHz TDD and 2x20 MHz FDD with the FFT size of 2048 and the size of cyclic prefix (CP) of 1/16 both in DL and UL are addressed to calculate the peak data rate. In addition, 4 and 2 streams are considered in DL and UL, respectively, based on the constraints of antenna configurations specified in [8] and [7].
One OFDMA symbol with the length of 97.143 us for preamble exists in each frame with the length of 5 ms and the idle time of 45.71 us is allocated at the end of each frame. The FDD frame has 5 type-1 subframes, consisting of 6 OFDMA symbols, and 3 type-2 subframes, consisting of 7 OFDMA symbols. The TDD frame has 3 type-1 subframes in downlink, consisting of 6 OFDMA symbols, and 1 type-2 subframe in downlink, consisting of 7 OFDMA symbols. The same configuration is used in the uplink assuming a downlink to uplink ration of 1:1. The switching gap has been accounted for in the calculations.
For both TDD and FDD, the number of pilots per resource unit (RU) for both type-1 and type-2 subframes in case of 4 streams for DL is 16, while the numbers of subcarriers per RU for type-1 and type-2 subframes are 108 (= 18x6) and 126 (= 18x7), respectively. Therefore the numbers of available data subcarriers per RU for type-1 and type-2 subframes in case of 4 for DL streams are 92 and 110, respectively. On the other hand, in case of 2 streams for UL, the number of pilots per RU for both type-1 and type-2 subframes are 12. Therefore the numbers of available data subcarriers per RU for type-1 and type-2 subframes in case of 2 streams for UL are 96 and 114, respectively.

For FDD, the number of RUs for 20 MHz is 96 both in DL and UL. The number of available data subcarriers for 5 type-1 and 3 type-2 subframes with 4 streams for DL are 44160 (= 5x92x96), denoted by NType1Subcarrier4 and 31680 (= 3x110x96), denoted by NType2Subcarrier4, respectively. On the other hand, the number of available data subcarriers for 5 type-1 and 3 type-2 subframes with 2 streams for UL are 46080 (= 5x96x96), denoted by NType1Subcarrier2, and 32832 (= 3x114x96), denoted by NType2Subcarrier2, respectively. Note that in 20 MHz, the 1728 subcarriers per frame is utilized in DL as preamble for physical layer synchronization.
Assuming repetition rate of 1, coding rate of 1, and the maximum MCS level, i.e. the modulation scheme of 64QAM (6 bit/symbol), the peak data rates in DL and UL are defined as follows:

Peak data rate in DL = (NType1Subcarrier4 + NType2Subcarrier4 - 1728) x 6 x 4 / 5 ms = 356 Mbit/s
Peak data rate in UL = (NType1Subcarrier2 + NType2Subcarrier2) x 6 x 2 / 5 ms = 189 Mbit/s

The peak spectral efficiencies in DL and UL can be calculated by dividing the peak data rates by 20 MHz, resulting 17.79 bit/s/Hz and 9.47 bit/s/Hz, for downlink and uplink respectively.
For TDD, the number of RUs for 20 MHz is 96 both in DL and UL. The number of available data subcarriers for 3 type-1 and 1 type-2 subframes with 4 streams for DL are 26496 (= 3x92x96), denoted by N’Type1Subcarrier4 and 10560 (= 1x110x96), denoted by N’Type2Subcarrier4, respectively. On the other hand, the number of available data subcarriers for 3 type-1 and 1 type-2 subframes with 2 streams for UL are 27648 (= 3x96x96), denoted by N’Type1Subcarrier2, and 10944 (= 1x114x96), denoted by N’Type2Subcarrier2, respectively. Note that in 20 MHz, the 1728 subcarriers per frame is utilized in DL as preamble for physical layer synchronization.
Assuming repetition rate of 1, coding rate of 1, and the maximum MCS level, i.e. the modulation scheme of 64QAM (6 bit/symbol), the peak data rates in DL and UL are defined as follows:

Peak data rate in DL = (N’Type1Subcarrier4 + N’Type2Subcarrier4 - 1728) x 6 x 4 / 5 ms = 169.57 Mbit/s
Peak data rate in UL = (N’Type1Subcarrier2 + N’Type2Subcarrier2) x 6 x 2 / 5 ms = 92.62 Mbit/s

The peak spectral efficiencies in DL and UL can be calculated by dividing the peak data rates by 20 MHz and adjusting by the uplink to downlink ratio, resulting 16.96 bit/s/Hz and 9.26 bit/s/Hz, for downlink and uplink respectively.
7.2.5
User-plane/control-plane latency and handover interruption time
The analyses in this section use the network reference model [4]. In these analyses, it is assumed that each 5 ms radio frame of the proposed RIT consists of eight subframes of 0.617 ms length and the transmission time interval (TTI) is equal to one subframe. The mobile station and base station processing times are assumed to be three subframes (3*TTI).

[image: image2]
Figure 7-1: Network reference model [4]
This analysis further assumes an intra-ASN handover mechanism where the serving and target base stations belong to the same ASN entity.

7.2.5.1
User-Plane Latency

HARQ retransmission probability is estimated based on both 10% and 30% HARQ retransmission probabilities. The HARQ RTT is estimated as 8*TTI as shown below for FDD duplex scheme and a synchronous HARQ scheme. The HARQ RTT for the TDD mode assuming DL:UL ratio of 5:3 and one DL/UL switching point per radio frame is 8*TTI.
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Figure 7-2: Example synchronous HARQ in FDD duplex mode

The following reference model is used to estimate the user-plane latency.


[image: image4]
Figure 7-3: User-plane latency calculation model
The following table summarizes the result of the analysis:
Table 7- 17: User-plane latencies for 10% and 30% Probability of HARQ Retransmissions

	Step
	Description
	User-Plane Latency

(10% HARQ Retransmission Probability)
	User-Plane Latency

(30% HARQ Retransmission Probability)

	0
	MS wakeup time
	Implementation Dependent
	Implementation Dependent

	1
	MS Processing Delay
	3*0.617 = 1.85 ms
	3*0.617 = 1.85 ms

	2
	Queuing/Frame Alignment
	0.31 (FDD) – 2.5 ms (TDD)
	0.31 (FDD) – 2.5 ms (TDD)

	3
	TTI for UL DATA PACKET (Piggy back scheduling information)
	0.617 ms
	0.617 ms

	4
	HARQ Retransmission
	0.1* 5 ms
	0.3* 5 ms

	5
	BS Processing Delay
	3*0.617 = 1.85 ms
	3*0.617 = 1.85 ms

	
	Total one way access delay
	(FDD) 5.13 ms 

(TDD) 7.32 ms
	(FDD) 6.13 ms
(TDD) 8.32 ms


Based on this analysis, the proposed RIT satisfies the requirement for user-plane latency.

7.2.5.2
Control-Plane Latency
Table 7-18: Control-plane Latency for 10% and 30% Probability of HARQ Retransmissions
	Step
	Description
	Control-Plane Latency

(10% HARQ Retransmission Probability)
	Control-Plane Latency

(30% HARQ Retransmission Probability)

	0
	MS wakeup time
	Implementation dependent
	Implementation dependent

	1
	DL scanning and synchronization + Acquisition of the Broadcast Channel (System Configuration Information) for Initial System Entry
	< 50 ms

Assuming that S-SFH SP2 that contains network re-entry information is transmitted every 50 ms. This could further reduce if SP2 is transmitted more frequently
	< 50 ms

Assuming that S-SFH SP2 that contains network re-entry information is transmitted every 50 ms. This could further reduce if SP2 is transmitted more frequently

	2
	Random Access Procedure (UL CDMA Code + BS Processing + DL CDMA_ALLOC_IE)
	5 ms
	5 ms

	3
	Initial ranging (RNG-REQ + BS processing + RNG-RSP)

+ HARQ retransmission of one message at 10% or 30%, only first-order estimation
	HARQ case: 1 frame * 0.9*0.9 + 2 frame * 2*0.1*0.9 + 3 frame * 0.1*0.1 = 1.2 frame = 6 ms

The assumption here is the message will either succeed in #1 transmission with probability=0.9 or succeed in #2 transmission with probability=0.1
	HARQ case: 1 frame * 0.7*0.7 + 2 frame * 2*0.3*0.7 + 3 frame * 0.3*0.3 = 1.6 frame = 8 ms

The assumption here is the message will either succeed in #1 transmission with probability=0.7 or succeed in #2 transmission with probability=0.3

	4
	Capability Negotiation (SBC-REQ + BS Processing + SBC-RSP) + HARQ Retransmission
	< 5 ms

(0.1* 5 ms for HARQ ReTX)
	< 5 ms

(0.3* 5 ms for HARQ ReTX)

	5
	Authorization and Authentication/Key Exchange (PKM-REQ + BS Processing + PKM-RSP + …) +HARQ Retransmission
	< 5 ms

(0.1* 5 ms for HARQ ReTX)
	< 5 ms

(0.3* 5 ms for HARQ ReTX)

	6
	Registration (REG-REQ + BS/ASN-GW  Processing + REG-RSP) + HARQ Retransmission
	< 5 ms

(0.1* 5 ms for HARQ ReTX)
	< 5 ms

(0.3* 5 ms for HARQ ReTX)

	7
	RRC Connection Establishment (DSA-REQ + BS Processing + DSA-RSP + DSA-ACK) + HARQ Retransmission
	< 5 ms

(0.1* 5 ms for HARQ ReTX)
	< 5 ms

(0.3* 5 ms for HARQ ReTX)

	
	Total C-plane connection establishment Delay
	< 31 ms
	< 33 ms

	
	Total IDLE_STATE –> ACTIVE_ACTIVE Delay
	< 81 ms
	< 83 ms


7.2.5.3
Intra-RIT Handover Interruption Time

In the proposed RIT, the handover (HO) can be initiated by either the MS or the serving BS (S-BS). The HO process is initiated when the MS issues a HO request to the S-BS or when the serving base station (S-BS) issues a HO command to the mobile station (MS). The HO request/command is issued following mobile-assisted HO (MAHO) procedures. The MS acquires the network topology through either S-BS broadcasts or unicast signaling messages. The S-BS also provides the MS with the relevant trigger conditions to initiate or cancel neighbor-cell measurements, measurement reporting and HO requests. If required, scanning intervals for neighbor-cell measurements are provided by the S-BS unilaterally or at the request of the MS. The HO request/command is an outcome of these measurements and reporting.
The HO procedure is divided into four phases, namely, HO initiation, HO preparation and HO execution and network reentry. In addition, HO cancellation procedure is defined to allow MS cancel a HO procedure.
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Figure 7-4: Generic HO Procedure in the Proposed RIT
7.2.5.4
Intra-RIT, Intra-frequency handover 

The following describes the HO procedure with reference to the message sequence flow shown in the above figure.

HO Initiation

During handover initiation phase, the MS requests HO based on trigger conditions defined in BS AAI_NBR-ADV broadcast. BS may also initiate HO without MS request by sending AAI_HO-CMD message to the MS.

HO Preparation

During HO preparation phase, the T-BS and MS obtain relevant information for HO optimization (e.g., MS identity, MS security context, T-BS system information, service flows, etc.) via the S-BS and the backbone network. For optimized network re-entry, the T-BS(s) may allocate a dedicated ranging code/opportunity and resource allocations to the MS via the S-BS through the AAI-HO-CMD message. The message includes one or more T-BSs, network re-entry action time and S-BS link disconnect time. The serving BS also indicates in the HO command (AAI-HO-CMD) whether the MS performs CDMA ranging. The HO preparation phase completes with the exchange of AAI-HO-CMD/ AAI-HO-IND messages resulting in the selection of a T-BS and the S-BS disconnect time. 

HO execution

During HO execution, MS responds with its target BS selection in the AAI-HO-IND message if multiple target BSs are included in AAI-HO-CMD. The MS continue data communications with serving BS, until the S-BS stops sending DL data and providing UL allocations to the MS after expiration of the action/disconnect time included in the AAI-HO-CMD message. Any MS bandwidth requests before the disconnect time that cannot be provided by the S-BS are forwarded to the T-BS. The S-BS retains the connections, MAC state machine, and un-transmitted/unacknowledged data associated with the MS for service continuation in case of HO cancellation until the expiration of the Resource_Retain_Time.

Network Re-entry

If MS performs network re-entry without CDMA ranging, the target BS and MS can start data communications after the defined action time. If MS performs CDMA ranging based network re-entry, the MS performs network re-entry at the T-BS using either a dedicated ranging code if allocated through AAI-HO-CMD or a random handover ranging code at the designated ranging opportunity if specified or otherwise the earliest ranging opportunity. Upon reception of the ranging code, the target BS allocates uplink resources for MS to send RNG-REQ message and UL data if needed. The target BS and MS finishes AAI-RNG-REQ/RSP transactions by the predefined timer, which serves the purpose of key validation for each other. This validation process does not impact data communication and can happen in parallel as defined in Rev.2 seamless handover procedure. 

HO Cancellation

The handover can be canceled by the MS at any time during the HO process. The HO cancellation is initiated before the expiration of the Resource_Retain_Time. The network can advertise HO cancellation trigger conditions.

7.2.5.5
Intra-RIT, Inter-frequency handover
The first three phases are identical with the case of Intra-RIT, Intra-frequency handover. The last phase, Network re-entry, differs in that there is no option to skip CDMA ranging in the T_BS.

Network Re-entry

For inter-frequency HO, the serving BS always command the MS to perform network re-entry with CDMA ranging process. Depending on the method indicated by the HO command from the S-BS, the MS performs network re-entry at the T-BS using either a dedicated ranging code if allocated through AAI-HO-CMD or a random handover ranging code at the designated ranging opportunity if specified or otherwise the earliest ranging opportunity. Upon reception of the ranging code, the target BS responds with AAI-RNG-RSP to instruct the MS to adjust its uplink transmission timing and power, allocate uplink resources for MS to send AAI-RNG-REQ message and UL data if needed. The rest of the procedure is the same as in intra-frequency HO case.
Table 7-19: handover interruption time
	Scenario
	Interruption Time

	Intra-RIT, Intra-frequency
	5 ms

	Intra-RIT, Inter-frequency
	15~25ms (additional time for MS to adjust RF and obtain CDMA ranging opportunity)


Additionally, Inter-RIT, Intra-RIT, Intra-frequency, and Inter-system handover to other IMT systems is supported by the RIT.

The following diagram illustrates the network reference model used for the proposed RIT.
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Figure 7-5: Example of a seamless HO service flow in the proposed RIT

7.2.5.6
Summary of the Handover procedure

I. Initiation

1. HO triggered at MS, based on MS measurements and S-BS-defined trigger levels

2. HO request from MS to S-BS, containing T-BS list with preferences and measurement reports

II. Preparation

1. S-BS and T-BS backbone pre-notification procedures

2. HO command from S-BS to MS with T-BS details, Disconnect time (may allow communication during network re-entry)

III. Execution

1. MS acknowledges S-BS HO command with selected T-BS and confirmation/rejection of Disconnect time

2. S-BS disconnects at Disconnect time, transfers MS context to T-BS over backbone network

IV.   Network re-entry

1. HO Ranging in T-BS, optional for intra-FA

2. T-BS notifies S-BS of HO completion 

3. NW Re-entry complete with established data path in T-BS

Assumptions
· Intra-ASN Handovers (the serving and target base stations belong to the same ASN)

· Mobile-assisted Handover (predominant case)

· Mobile-initiated Handover (worst-case compared to BS-initiated) 

· Optimized Hard Handover (for intra-frequency MS is frame-synchronized with S-BS and T-BS, MS contexts including security context, transferred to T-BS by S-BS over the backbone network)

All measurements are based on the synchronization channels.
The following steps capture the HO procedure delay budget (Intra-RIT, Intra-Frequency):
Table 7-20: Intra-RAT Intra-FA Handover interruption time
	Step
	Procedure
	Estimated Latency (ms)

	1
	The MS initiates HO by sending an AAI-HO-REQ to the serving BS (S-BS).
	4-7 frames, 20-35ms

	2
	The S-BS processes AAI-HO-REQ and sends HO REQUEST to one or more target BS (T-BS)
	1 frames, 5 ms (HO-REQ from S-BS to T-BSs)

	3
	T-BSs reply S-BS with HO RESPONSE, which may include HO optimization related MAC pre-update information.
	2 frames, 10ms (T-BSs process and reply + HO-RSP from T-BSs to S-BS)

	4
	S-BS responds to MS with AAI-HO-CMD containing T-BS list, Disconnect time
	1 frame, 5 ms

	5
	MS acknowledges S-BS with AAI-HO-IND containing selected T-BS and  confirmation/rejection of Disconnect time (unsolicited UL grant)
	1 frame, 5 ms

	6
	At/After Action Time (=Disconnect Time), S-BS transfer un-acknowledged data and new data to T-BS for MS data continuity at T-BS
	1 - 2 frames, 5 - 10ms (R8 interface latency, see Network Reference Model)

	7
	MS switches to T-BS, acquires DL signal
	1 frame, 5 ms

	8
	MS reads UL-MAP for unsolicited uplink grant for MS to send RNG-REQ message and data
	2 frames, 10 ms

	9
	MS sends RNG-REQ to T-BS
	1 frame, 5 ms

	10
	T-BS responds with RNG-RSP with necessary information for MS to perform uplink synchronization.
	2 frames, 10 ms

	11
	MS processes RNG-RSP
	1 frame, 5 ms

	12
	If necessary, repeat steps 8 – 11
	K*5 frames, 0-25K ms

	10
	T-BS and MS continue data communication
	0

	HO Preparation time
	11-16 radio frames = 55 - 80 ms

	HO Interruption time (Using Seamless HO)
	Max Time (Step-6, Step-7) = 5 ~ 10 ms


For intra-RIT/Inter-Frequency HO, there will be 2 following changes:

Step-7 will be longer (implementation dependent) so that the MS can calibrate its RF for inter-FA operation.
An additional step 7.1 is to be inserted between Step-7 and Step-8, which will be counted into HO interruption time. 

Table 7-21: Additional step in calculation of inter-FA, intra-RIT handover interruption time
	7.1
	The MS waits for HO ranging opportunity to perform uplink synchronization with dedicated ranging code (assigned by TBS during HO preparation.)

(after CDMA ranging, uplink synchronization procedures are not counted into HO interruption time according to the definition)
	1 frame ~ 4 frames = 5 ~ 20 ms

(20ms is the worst case when no dedicated ranging opportunity is allocated for this HO instance. Most cases, T-BS has knowledge of MS capability and how fast it can switch RF, and therefore T-BS can prepare the ranging opportunity right at the next frame, in which case it will be 5 ms)


In this case (inter-FA intra-RIT), the HO interruption time will be (Step 6 + Step 7 + Step 7.1) 10 – 30 ms.

8
Compliance templates

8.1
Compliance template for services

	
	Service related minimum capabilities within the RIT/SRIT
	Evaluator’s comments

	4.2.4.1.1
	Support of a wide range of services

Does the proposal support a wide range of services?:

If bullets 4.2.4.1.1.1 - 4.2.4.1.1.3 are marked as "yes" then 4.2.4.1.1 is a "yes".

(YES / NO
	The proposed RIT supports a number of QoS classes (see Section 6.3 of [4] and Section 10.10 of [6] for more details) that are designed to enable a wide range of services and applications. These services include but are not limited to the following:

1. Multicast and broadcast services (see Section 6.7 of [4] and Section 13 of [6] for more details) would allow support of IP-based multimedia applications such as real-time and non-real-time audio and video streaming, IP-TV, web-casts, etc.

2. Location based services (see Section 6.8 of [4] and Section 12 of [6] for more details) would allow support of location based applications such as interactive maps and navigation applications, etc.

3.  Low one-way air-link transmission latency of less than 5 ms and short handoff interruption time of less than 20 ms would allow real-time applications such as interactive gaming, on-line collaborations, etc.

4. High capacity VoIP service is enabled (see Section 8.3 of [4] and Sections 10 and 11 of [6] for more details) through efficient downlink/uplink control channel design, advanced downlink/uplink MIMO techniques, persistent and group scheduling schemes, low user and control plane latencies. 

5. IP-based data services such as HTTP, e-mail, web-browsing, file transfer are enabled through high spectral efficiency, low user and control plane latencies and flexible QoS classes (see Section A.1 of [4] and Appendix 2 of [6] for more details)

	4.2.4.1.1.1
	Ability to support basic conversational service class

Is the proposal able to support basic conversational service class?:

(YES / NO
	Given that basic conversational service* is typically characterized by per user throughputs of 20 kbps and latencies of less than 50 ms, using baseline antenna configuration and 10 MHz bandwidth, the proposed RIT with average user throughput of greater than 2.6 Mbps in the downlink and 1.3 Mbps in the uplink as well as one-way access latency of less than 5 ms does support this kind of service (see Section 7.1 of [4] and Sections 10 and 11 of [6] for more details)

The handover interruption time for intra-Frequency Assignment (FA) is 5-10 ms and for inter-FA is 10-30 ms which both are significantly less the IMT-Advanced corresponding requirements which would enable a large number of service classes using the proposed RIT.

 The RIT minimum data rates for other supported bandwidths can be derived by scaling the above data rates by the bandwidth ratio.
*see Section 3.2 of IST-2003-507581 WINNER D1.3 version 1.0, Final usage scenarios, at http://www.ist-winner.org/deliverables_older.html 



	4.2.4.1.1.2
	Support of rich conversational service class

Is the proposal able to support rich conversational service class?:




                   (YES / NO
	Given that rich conversational service* is typically characterized by per user throughputs of 5 Mbps and latencies of less than 20 ms, using baseline antenna configuration and 20 MHz bandwidth, the proposed RIT with average user throughput of greater than 5.2 Mbps in the downlink and 2.6 Mbps in the uplink as well as one-way access latency of less than 5 ms does support this kind of service (see Section 7.1 of [4] and Sections 10 and 11 of [6] for more details)
The RIT minimum data rates for other supported bandwidths can be derived by scaling the above data rates by the bandwidth ratio.
*see Section 3.2 of IST-2003-507581 WINNER D1.3 version 1.0, Final usage scenarios, at http://www.ist-winner.org/deliverables_older.html 



	4.2.4.1.1.3
	Support of conversational low delay service class

Is the proposal able to support conversational low-delay service class?



                   (YES / NO
	Given that conversational low delay service* is typically characterized by per user throughputs of 150 kbps and latencies of less than 10 ms, using baseline antenna configuration and 10 MHz bandwidth, the proposed RIT with average user throughput of greater than 2.6 Mbps in the downlink and 1.3 Mbps in the uplink as well as one-way access latency of less than 5 ms does support this kind of service (see Section 7.1 of [4] and Sections 10 and 11 of [6] for more details)
The RIT minimum data rates for other supported bandwidths can be derived by scaling the above data rates by the bandwidth ratio.
*see Section 3.2 of IST-2003-507581 WINNER D1.3 version 1.0, Final usage scenarios, at http://www.ist-winner.org/deliverables_older.html 




8.2
Compliance template for spectrum

	
	Spectrum capability requirements

	4.2.4.2.1
	Spectrum bands

Is the proposal able to utilize at least one band identified for IMT?: 
(YES / NO

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.

The proposed RIT supports deployment in all bands identified for IMT in ITU-R Radio Regulations. In addition, proposed RIT supports non-IMT bands below 6 GHz allocated to the Fixed Service and/or Mobile Service. (See below for more details on some of the band classes in which the proposed RIT can be deployed).

Table 8-1: Supported frequency bands

Band Class

Uplink MS Transmit  Frequency (MHz)

Downlink MS Receive  Frequency (MHz)

Duplex Mode

1

2300-2400

2300-2400

TDD

2

2305-2320, 2345-2360

2305-2320, 2345-2360

TDD

2345-2360
2305-2320
FDD

3

2496-2690

2496-2690

TDD

2496-2572
2614-2690
FDD

4

3300-3400

3300-3400

TDD

5L

3400-3600

3400-3600

TDD

3400-3500

3500-3600

FDD

5H

3600-3800

3600-3800

TDD

6

1710-1770

2110-2170
FDD

1920-1980

2110-2170

FDD

1710-1755

2110-2155

FDD

1710-1785

1805-1880

FDD

1850-1910

1930-1990

FDD

1710-1785, 1920-1980

1805-1880, 2110-2170

FDD

1850-1910, 1710-1770

1930-1990, 2110-2170

FDD

7

698-862

698-862

TDD

776-787

746-757

FDD

788-793, 793-798

758-763, 763-768

FDD

788-798

758-768

FDD

698-862

698-862

TDD/FDD

824-849

869-894

FDD

880-915

925-960

FDD

698-716, 776-793

728-746, 746-763

FDD

8

1785-1805, 1880-1920, 1910-193, 2010-2025, 1900-1920
1785-1805, 1880-1920, 1910-193, 2010-2025, 1900-1920
TDD

9

450-470

450-470

TDD

450.0-457.5

462.5-470.0

FDD




8.3
Compliance template for technical performance

	Minimum technical requirements item (4.2.4.3.x), units, and Report ITU-R M.2134 section reference(1)
	Category
	Required value
	Value(2), (3)

	Require-ment met?
	Comments

 

	
	Test environment
	Downlink or uplink
	
	
	
	

	4.2.4.3.1
Cell spectral efficiency
(bit/s/Hz/cell)
(4.1)
	Indoor
	Downlink
	3
	TDD: 5.90
FDD: 5.90
	(
Yes

No
	The proposed RIT exceeds required values in all test environments. 

	
	
	Uplink
	2.25
	TDD: 5.47

FDD: 5.53
	(
Yes

No
	

	
	Microcellular
	Downlink
	2.6
	TDD: 3.24

FDD: 3.13
	(
Yes

No
	

	
	
	Uplink
	1.8
	TDD: 2.49

FDD: 2.47
	(
Yes

No
	

	
	Base coverage urban
	Downlink
	2.2
	TDD: 2.51

FDD: 2.44
	(
Yes

No
	

	
	
	Uplink
	1.4
	TDD: 2.50

FDD: 2.46
	(
Yes

No
	

	
	High speed
	Downlink
	1.1
	TDD: 3.17

FDD: 3.12
	(
Yes

No
	

	
	
	Uplink
	0.7
	TDD: 2.55

FDD: 2.58
	(
Yes

No
	

	4.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)
	Not applicable
	Downlink
	15
	TDD: 16.96

FDD: 17.79
	(
Yes

No
	See Section 7.

	
	
	Uplink
	6.75
	TDD: 9.26

FDD: 9.47
	(
Yes

No
	

	4.2.4.3.3
Bandwidth
(4.3)
	Not applicable
	Up to and including
(MHz)
	40
	20 MHz for single carrier; Up to and including 100 MHz for multi-carrier
	(
Yes

No
	The proposed RIT supports multi-carrier operation that allows operation in any bandwidth as wide as 100 MHz by aggregating contiguous and/or non-contiguous RF carriers.

	
	
	Scalability
	Support of at least three band-width values(4)
	5, 7, 8.75, 10, 20 MHz with single carrier operation,

Maximum 100 MHz with multi-carrier operation
	(
Yes

No
	The proposed RIT supports 5, 7, 8.75, 10 and 20 MHz for single carrier and also supports up to 100 MHz for multi-carrier operation

	Minimum technical requirements item (4.2.4.3.x), units, and Report ITU-R M.2134 section reference(1)
	Category
	Required value
	Value(2), (3)
	Require-ment met?
	Comments



	
	Test environment
	Downlink or uplink
	
	
	
	

	4.2.4.3.4
Cell edge user spectral efficiency (bit/s/Hz)
(4.4)
	Indoor
	Downlink
	0.1
	TDD: 0.254

FDD: 0.255
	(
Yes

No
	The proposed RIT exceeds required values in all test environments.

	
	
	Uplink
	0.07
	TDD: 0.380

FDD: 0.386
	(
Yes

No
	

	
	Microcellular
	Downlink
	0.075
	TDD: 0.097

FDD: 0.096
	(
Yes

No
	

	
	
	Uplink
	0.05
	TDD: 0.122

FDD: 0.122
	(
Yes

No
	

	
	Base coverage urban
	Downlink
	0.06
	TDD: 0.070

FDD: 0.068
	(
Yes

No
	

	
	
	Uplink
	0.03
	TDD: 0.113

FDD: 0.112
	(
Yes

No
	

	
	High speed
	Downlink
	0.04
	TDD: 0.094

FDD: 0.092
	(
Yes

No
	

	
	
	Uplink
	0.015
	TDD: 0.115

FDD: 0.117
	(
Yes

No
	

	4.2.4.3.5
Control plane latency
(ms)
(4.5.1)
	Not applicable
	Not applicable
	Less than 100 ms
	< 81 ms
	(
Yes

No
	Proposed RIT meets required value. See Section 7 for detailed information.

	4.2.4.3.6
User plane latency
(ms)
(4.5.2)
	Not applicable
	Not applicable
	Less than 10 ms
	TDD: 7.32 ms

FDD: 5.13 ms


	(
Yes

No
	Proposed RIT meets required value. See Section 7 for detailed information.

	4.2.4.3.7
Mobility classes
(4.6)
	Indoor
	Uplink
	Stationary, pedestrian
	supported
	(
Yes

No
	Proposed RIT supports required Mobility classes in all test environments.

	
	Microcellular
	Uplink
	Stationary, pedestrian, vehicular up to 30 km/h
	supported
	(
Yes

No
	

	
	Base coverage urban
	Uplink
	Stationary, pedestrian, vehicular
	supported
	(
Yes

No
	

	
	High speed
	Uplink
	High speed vehicular, vehicular
	supported
	(
Yes

No
	

	4.2.4.3.8
Mobility
Traffic channel link data rates (bit/s/Hz)
(4.6)
	Indoor
	Uplink
	1.0
	TDD: 2.87

FDD: 2.95
	(
Yes

No
	Proposed RIT exceeds required values in all test environments.

	
	Microcellular
	Uplink
	0.75
	TDD: 1.16

FDD: 1.28
	(
Yes

No
	

	
	Base coverage urban
	Uplink
	0.55
	TDD: 1.08

FDD: 1.06
	(
Yes

No
	

	
	High speed
	Uplink
	0.25
	TDD: 1.03

FDD: 1.03
	(
Yes

No
	

	Minimum technical requirements item (4.2.4.3.x), units, and Report ITU-R M.2134 section reference(1)
	Category
	Required
value
	Value(2), (3)
	Requirement
met?
	Comments

	
	Test environment
	Downlink or
uplink
	
	
	
	

	4.2.4.3.9
Intra-frequency hand-over interruption time
(ms)
(4.7)
	Not applicable
	Not applicable
	27.5
	5-10
	(
Yes

No
	Proposed RIT meets required value. See Section 7 for detailed information.

	4.2.4.3.10
Inter-frequency handover interruption time within a spectrum band (ms)
(4.7)
	Not applicable
	Not applicable
	40
	10-30
	(
Yes

No
	Proposed RIT meets required value. See Section 7 for detailed information.

	4.2.4.3.11
Inter-frequency handover interruption time between spectrum bands (ms)
(4.7)
	Not applicable
	Not applicable
	60
	10-30
	(
Yes

No
	Proposed RIT meets required value. See Section 7 for detailed information.

	4.2.4.3.12
Inter-system handover

(4.7)
	Not applicable
	Not applicable
	Not applicable
	Not applicable


	(
Yes

No
	The proposed RIT supports inter-RAT handover to and from other IMT-2000 and IMT-Advanced technologies. 

 See Section 15.2.6.5 of [6] for detailed information on inter-RAT handover in the proposed RIT. 

	4.2.4.3.13
Number of supported VoIP users (active users/ sector/MHz)
(4.8)
	Indoor
	As defined in Report ITU-R M.2134
	50
	TDD: 145

FDD: 136
	(
Yes

No
	Reported numbers are minimum of uplink and downlink.
Proposed RIT exceeds required values in all test environments.

	
	Microcellular
	As defined in Report ITU-R M.2134
	40
	TDD: 80

FDD: 75
	(
Yes

No
	

	
	Base coverage urban
	As defined in Report ITU-R M.2134
	40
	TDD: 75

FDD: 70
	(
Yes

No
	

	
	High speed
	As defined in Report ITU-R M.2134
	30
	TDD: 87

FDD: 93
	(
Yes

No
	

	(1) 
As defined in Report ITU-R M.2134.

(2) 
According to the evaluation methodology specified in Report ITU-R M.2135.

(3)
Mandatory when “no” is checked, optional when “yes” is checked.

(4)
Refer to Report ITU-R M.2135, § 7.4.1.


Annex 3
Simulation Assumptions and Configuration Parameters for IMT-Advanced Test Environments

Table A3-1: OFDMA and frame parameters

	Parameter
	Description
	IEEE 802.16m Parameters for Indoor Environment
	IEEE 802.16m Parameters for Urban Micro-cellular, Urban Macro-cellular, High Speed Environments

	
	
	TDD
	FDD
	TDD
	FDD
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	Carrier frequency
	3.4 GHz
	Urban Micro-cellular: 2.5 GHz

	
	
	
	Urban Macro-cellular: 2.0 GHz

	
	
	
	High Speed: 0.8 GHz
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	Total bandwidth
	40 MHz for data-only (2x20 MHz)
	2x20 MHz for data-only
	20 MHz for data-only
	2x10 MHz for data-only

	
	
	10 MHz for VoIP
	5 + 5 MHz for VoIP
	10 MHz for VoIP
	5 + 5 MHz for VoIP

	
[image: image9.wmf]FFT

N


	Number of points in full FFT
	2x2048 for data-only
	2048 for data-only
	2048 for data-only
	1024 for data-only

	
	
	1024 for VoIP
	512 for VoIP
	1024 for VoIP
	512 for VoIP
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	Sampling frequency
	44.8 MHz for data-only
	22.4 MHz for data-only
	22.4 MHz for data-only
	11.2 MHz for data-only

	
	
	11.2 MHz for VoIP
	5.6 MHz for VoIP
	11.2 MHz for VoIP
	5.6 MHz for VoIP
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	Subcarrier spacing
	10.9375 kHz
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	OFDMA symbol duration without cyclic prefix
	91.43 us
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	Cyclic prefix length (fraction of 
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)
	1/16



	
[image: image15.wmf]s

T


	OFDMA symbol duration with cyclic prefix
	97.143 us
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	Frame length
	5 ms
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	Number of OFDMA symbols in frame (excluding switching gaps)
	50
	51
	50
	51
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	Ratio of DL to UL (TDD mode)
	5 DL subframes, 3 UL subframes for data-only
	8 DL subframes for DL and UL
	5 DL subframes, 3 UL subframes for data-only
	8 DL subframes for DL and UL

	
	
	4 DL subframes,  4 UL subframes for VoIP
	8 DL subframes for DL and UL
	4 DL subframes,  4 UL subframes for VoIP
	8 DL subframes for DL and UL
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	Duplex time
	TTG+RTG = 142.85 us
	N/A
	TTG+RTG = 165.71 us
	N/A


Table A3-2: Downlink configuration
	Topic
	Description
	IEEE 802.16m Parameters for Indoor and Urban Micro-Cellular Environments
	IEEE 802.16m Parameters for Urban Macro-Cellular and High Speed Environments

	Basic modulation for data
	Modulation schemes for data
	QPSK, 16QAM, 64QAM

	Basic modulation for control
	Modulation schemes for control
	QPSK

	Duplexing scheme
	TDD or FDD
	TDD/FDD 

	Subchannelization for data allocations
	Contiguous/Distributed Resource Units and associated permutations
	· Scheme for InH and UMi: Sub-band CRUs with frequency reuse 1 without FFR as defined in Sections 15.3.5.1-15.3.5.3 of [6];12 equal-size allocations spanning the complete duration of the time resources (DL portion of the TDD frame, DL FDD frame)

Scheme for UMa and RMa: Miniband CRUs with frequency reuse 1 without FFR as defined in Sections 15.3.5.1-15.3.5.3 of [6]; 6 equal-size allocations spanning the complete duration of the time resources (DL portion of the TDD frame, DL FDD frame) 



	Subchannelization for VoIP allocations
	Contiguous/Distributed Resource Units and associated permutations
	Combination of the following two schemes (selection should be based on the maximization of the VoIP capacity): 

· Scheme 1: DRUs with frequency reuse 1 without FFR as defined in Sections 15.3.5.1-15.3.5.3 of [6];
Scheme 2: Miniband CRUs with frequency reuse 1 without FFR as defined in Sections 15.3.5.1-15.3.5.3 of [6]

	Subchannelization for A-A-MAP
	Contiguous/Distributed Resource Units and associated permutations
	Distributed LRUs with frequency reuse 1 without FFR as defined in Sections 15.3.5.1-15.3.5.3 of [6]

	Downlink Pilot Structure
	Pilot structure, density etc.
	Depends on the number of streams per allocation: 

1 or 2 pilot streams from 2 stream interlaced pilot structure as defined in  Section 15.3.5.4.1 of [6]with 2 dB pilot power boosting over data tone

3 or 4 pilot streams from 4 stream pilot structure as defined in in Section 15.3.5.4.1 of [6]with 0 dB pilot power boosting over data tone

	Multi-antenna Transmission Format for data
	Multi-antenna configuration and  transmission scheme
	· Scheme for InH and UMi: 6-bit Transformed Codebook or analog feedback based MU-MIMO using 4x2 configuration; adaptive switching among rank-1 CL-SU-MIMO, two stream CL-MU-MIMO, three stream CL-MU-MIMO and four stream CL-MU-MIMO
- Scheme for UMa and RMa: MU-MIMO with long term beamforming using 4x24 configuration (20 ms reporting period for the long-term covariance matrix); adaptive switching among rank-1 CL-SU-MIMO, two stream CL-MU-MIMO, three stream CL-MU-MIMO and four stream CL-MU-MIMO

	Multi-antenna Transmission Format for VoIP
	Multi-antenna configuration and  transmission scheme
	Combination of the following two schemes (selection should be based on the maximization of the VoIP capacity):

· Scheme 1: SU-MIMO using 4x2 configuration with SFBC + non-adaptive precoding 

Scheme 2: SU-MIMO with wideband beamforming using 4x2 configuration 

	Multi-antenna Transmission Format for A-A-MAP
	Multi-antenna configuration and  transmission scheme
	Open-loop SFBC + non-adaptive precoding (TX diversity)



	Receiver Structure
	MMSE/ML/MRC,

Receiver interference awareness
	MMSE for channel estimation and MMSE/MLD data detection

	Data Channel Coding
	Channel coding schemes 
	Convolutional Turbo Coding (CTC) 1/3

	Control Channel Coding for A-A-MAP
	Channel coding schemes and block sizes
	As described in Section 15.3.6.3.2.2 of [6] with MLRU size equal to 56 tones

	Scheduling
	Demonstrate performance / fairness criteria in accordance to traffic mix
	Proportional Fair for full buffer data and delay-weighted Proportional Fair with persistent scheduling for VoIP

	Link Adaptation
	Modulation and Coding Schemes (MCS), CQI feedback delay / error
	Choice of 16 MCS schemes inclusive of coding rate and rate matching, see Section 15.3.12.1.2 of [6]

	Link to System Mapping
	MI based PHY abstraction
	RBIR or MMIB by providing the necessary supporting PHY abstraction link curves 

	HARQ
	Chase combining/ incremental redundancy, synchronous/asynchronous, adaptive/non-adaptive  ACK/NACK delay, Maximum number of retransmissions, retransmission delay
	Incremental Redundancy

Asynchronous, adaptive, 3 subframe ACK/NACK  delay, maximum 4 HARQ retransmissions, minimum retransmission delay 3 subframes

	Power Allocation
	Subcarrier power allocation
	Equal power per subcarrier; power boosting should be used only for A-A-MAP allocations (separate power boosting for each A-A-MAP allocation)

	Interference Model
	Co-channel interference model, fading model for interferers, number of major interferers, threshold
	Explicitly modeled 

Average interference on used subcarriers per CRU (subband or miniband) in PHY abstraction [3]

	Frequency Reuse
	Frequency reuse pattern
	3 sectors with frequency reuse 1

	Control Signaling
	Message/signaling format, overheads
	SFH, A-MAP, ACK/NACK, and Power Control overhead/channels as described in  Section 15.3.6.2 of [6]
Dynamic transmission modeled for A-A-MAP; percentage of signaling error modeled for fixed control overhead, should be derived from corresponding link curve for each test environment; 

	Persistent Scheduling
	Persistent scheduling for VoIP only
	Persistent scheduling for individual VoIP connections as described in  Section 15.2.6 of [6]

	Control Channel Overhead
	L1/L2 Overhead
	Dynamic overhead model whenever possible

	Antenna tilt angle
	N/A
	InH: 0 deg. 
UMi: 12 deg.
UMa: 12 deg.
RMa: 6 deg.



Table A3-3: Uplink configuration

	Topic
	Description
	IEEE 802.16m Parameters for Indoor and Urban Micro-Cellular Environments
	IEEE 802.16m Parameters for Urban Macro-Cellular and High Speed Environments

	Basic modulation for data
	Modulation schemes for data
	QPSK, 16QAM, 64QAM

	Basic modulation for control
	Modulation schemes for control
	Dependent on feedback channel (FBCH, HARQ,BW-REQ, Ranging, Sounding) as defined in  Section 15.3.9 of [6]

	Duplexing scheme
	TDD or FDD
	TDD/FDD 

	Subchannelization for data allocations
	Contiguous/Distributed Resource Units and associated permutations
	· Scheme for InH and UMi: Sub-band CRUs with frequency reuse 1 without FFR as defined in Sections 15.3.8.1-15.3.8.3 of [6]; 12 equal-size allocations spanning the complete duration of the time resources (UL portion of the TDD frame, UL FDD frame)

· Scheme for UMa and RMa: Miniband CRUs with frequency reuse 1 without FFR as defined in Sections 15.3.8.1-15.3.8.3 of [6]; 6 equal size allocations spanning the complete duration of the time resources (UL portion of the TDD frame, UL FDD frame)



	Subchannelization for VoIP allocations
	Contiguous/Distributed Resource Units and associated permutations
	DRUs with frequency reuse 1 without FFR as defined in 15.3.8.1-15.3.8.3 of [6]

	Uplink Pilot Structure
	Pilot structure, density etc.
	1/2 stream pilot structure as defined in 15.3.8.4 of [6] without pilot power boosting 

	Multi-antenna Transmission Format for data
	Multi-antenna configuration and  transmission scheme
	· Scheme for InH and UMi: 3-bit Codebook based MU- MIMO using 2x4 configuration; adaptive switching between single user and collaborative spatial multiplexing

· Scheme for UMa and RMa: MU-MIMO with long term beamforming using 2x4 configuration; adaptive switching between single-user and collaborative spatial multiplexing



	Multi-antenna Transmission Format for VoIP
	Multi-antenna configuration and  transmission scheme
	SU-MIMO using 2x4 configuration with SFBC + non-adaptive precoding

	Multi-antenna Transmission Format for control
	Multi-antenna configuration and  transmission scheme
	2x4 antenna configuration


	Receiver Structure
	MMSE/ML/MRC,

Receiver interference awareness
	MMSE for channel estimation and MMSE/MLD for data detection

	Data Channel Coding
	Channel coding schemes 
	Convolutional Turbo Coding (CTC) 1/3

	Control Channel Coding
	Channel coding schemes and block sizes
	As described in Section 15.3.9 of [6]for FBCH, HARQ, BW-REQ, Ranging, Sounding

	Scheduling
	Demonstrate performance / fairness criteria in accordance to traffic mix
	Proportional Fair for full buffer data and delay-weighted Proportional Fair with persistent scheduling for VoIP

	Link Adaptation
	Modulation and Coding Schemes (MCS), CQI feedback delay / error
	Choice of 16 MCS schemes inclusive of coding rate and rate matching, see Section 15.3.12.1.2 of [6]

	Link to System Mapping
	MI based PHY abstraction
	RBIR or MMIB by providing the necessary supporting PHY abstraction link curves

	HARQ
	Chase combining/ incremental redundancy, synchronous/asynchronous, adaptive/non-adaptive  ACK/NACK delay, Maximum number of retransmissions, retransmission delay
	Incremental Redundancy

Synchronous, non-adaptive, 3 subframe ACK/NACK  delay, maximum 4 HARQ retransmissions, minimum retransmission delay 3 subframes

	Power Control
	Open loop/closed loop
	Open loop power control as described in 15.3.9.4 of [6];; values for γ and SINRMIN should be chosen such that the average IoT meets the IMT-Advanced requirement

	Interference Model
	Co-channel interference model, fading model for interferers, number of major interferers, threshold
	Explicitly modeled 

Average interference on used subcarriers per CRU (subband or miniband) in PHY abstraction [3]

	Frequency Reuse
	Frequency reuse pattern
	3 sectors with frequency reuse 1

	Control Signaling
	Message/signaling format, overheads
	Initial ranging, periodic ranging, handover ranging, bandwidth request fast feedback/CQI channel, sounding overheads modeled as described in  15.3.9 of [6]Percentage of signaling error modeled for fixed control overhead should be derived from corresponding link curve for each test environment

	Persistent Scheduling
	Persistent scheduling for VoIP only
	Persistent scheduling for individual VoIP connections as described in  Section 15.2.6 of [6]

	Control Channel Overhead
	L1/L2 Overhead
	Dynamic overhead model whenever possible

	Antenna tilt angle
	N/A
	InH: 0 deg. 
UMi: 12 deg.
UMa: 12 deg.
RMa: 6 deg.



Table A3-4: VoIP configuration

	Parameter
	Characterization

	Codec
	Source rate 12.2 kbit/s

	Voice activity factor (VAF)
	50% (c=0.01, d=0.99)

	Speech payload
	33 bytes, encoder frame every 20 ms

	SID payload
	7 bytes,  SID packet every 160ms during silence

	Protocol Overhead with compressed header
	4 byte MAC Header + Extended Header

4 byte (RTP/UDP/IP)

4 byte (RLC/security)

16 bits (CRC)

	Packet size
	47 bytes (talk),/ 21 bytes (silence)


Contact:
Michael Lynch


E-mail: freqmgr@ieee.org
_______________
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