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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the evaluation method and evaluation results on self evaluation for LTE peak spectral efficiency and peak data rate are provided.
In previous contribution [1], the calculation methods on peak spectral efficiency and peak data rate were evaluated for NR and LTE. In RAN1#94 meeting, the calculation methods for LTE are discussed taking into account the transport block size (TBS) table and maximal code rate constraint.  This contribution provide the detailed evaluation method and evaluation results for LTE peak spectral efficiency and peak data rate.
Peak spectral efficiency
According to Report ITU-R M.2410 (see [2]), the peak spectral efficiency is defined as in subsection 3.1. Based on the definition, the DL and UL peak spectral efficiency of LTE is analysed. 
[bookmark: _Ref129681832]Evaluation Method
For MBSFN and non-MBSFN subframes, the overhead is different due to the CRS overhead, which leads to the different TBS selection. The peak spectrum efficiency of LTE is evaluated by selecting the largest TBS as defined in TS36.211 matching the supportable coding rate as high as possible and the overhead with the assumed composition of MBSFN and non-MBSFN subframes. It is more reasonable to calculate the averaged peak spectral efficiency in a radio frame. We can derive the generic formula for peak spectral efficiency for FDD and TDD for a specific component carrier (say j-th CC) as below.

                                                     (1)
wherein
· For the j-th CC,
· 
 is the selected TBS for subframe i by look-up table defined in TS36.213.  
· 
 is the number of subframes in one radio frame (10 ms)
· 

 is the duration for a subframe, i.e. ms. 
· [image: ] is the UE supported maximum bandwidth in the given band or band combination.
· 
is the normalized scalar considering the downlink/uplink ratio; for FDD j=1 for DL and UL; and for TDD and other duplexing j for DL and UL is calculated based on the frame structure . For TDD, half of GP length is calculated in DL and UL, respectively. 
The TBS selection and peak spectral efficiency can be determined by the following steps.
Step1: Derive the theoretical TBS value with the given PRB number, modulation order, maximal code rate, layer number, and overhead assumption. 

                           (2)
wherein
· Rmax = 0.93
· For the j-th CC,
· [image: ] is the maximum number of layers 
· [image: ] is the maximum modulation order
· [image: ]is the scaling factor 
· The scaling factor can at least take the values 1 and 0.75. 
· [image: ]is signalled per band and per band per band combination as per UE capability signaling
· 
is the total number of DL or UL RE for subframe i with the given bandwidth. For special subframe in TDD, half of GP length is calculated in DL and UL, respectively. 
· 
is the overhead for subframe i occupied by L1/L2 control, Synchronization Signal, PBCH and reference signals etc. with respect to the total number of REs.

Step2: Determine the TBS for practical transmission by look-up table according to the given PRB number, modulation order, maximal code rate, and layer number. The practical TBS value must be equal to or less than the theoretical TBS value, i.e. .
Step3: Based on Eq. (1), calculate the peak spectral efficiency in one radio frame according to the practical TBS values obtained in Step2.

LTE evaluation results
DL peak spectral efficiency
The DL overhead assumption is provided in Appendix-A. One example for the overhead calculation and TBS selection for MBSFN and non-MBSFN subframes in FDD is illustrated in Table 2.2.1-1. In Table 2.2.1-1, the averaged overhead and TBS values for MBSFN and non-MBSFN subframes are calculated, respectively. In FDD, MBSFN subframe number is assumed to be 6 and non-MBSFN subframe number is assumed to be 4.


Table 2.2.1-1 FDD DL overhead and TBS selection forMHz and
	Subframe type
	Overhead
	
Theoretical TBS ()
	
Practical TBS ()
	Peak spectral efficiency in one radio frame (bps/Hz)

	MBSFN subframes
	21.63%
	783649
	783312
	(783312*6+702448*4)/(200000) = 37.55

	Non-MBSFN subframes
	25.79%
	742052
	702448
	



DL peak spectral efficiency for different bandwidth are provided in Table 2.2.1-2 and Table 2.2.1-3 for FDD and TDD, respectively. 
Table 2.2.1-2 LTE FDD DL peak spectral efficiency (bit/s/Hz)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	37.56
	37.55
	36.72
	37.55
	30

	
	1024QAM
	46.38
	45.96
	47.15
	47.11
	30




Table 2.2.1-3 LTE TDD DL peak spectral efficiency (bit/s/Hz)
(Frame structure: DSUDD, Special subframe = 11DL:1GP:2UL, ) 
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	36.28
	36.52
	36.51
	36.69
	30

	
	1024QAM
	45.82
	46.27
	46.79
	46.91
	30


UL peak spectral efficiency
The UL overhead assumption is provided in Appendix-A. One example for the overhead calculation and TBS selection in FDD is presented in Table 2.2.2-1. In Table 2.2.2-1, the averaged overhead and TBS values for subframe w/ and w/o SRS transmission are calculated, respectively.


Table 2.2.2-1 FDD UL overhead and TBS selection forMHz and
	Subframe type
	Overhead
	
Theoretical TBS ()
	
Practical TBS ()
	Peak spectral efficiency in one radio frame (bps/Hz)

	Subframe w/o SRS transmission
	16.0%
	419973
	407408
	(407408*9+363312) / (200000) = 20.15

	Subframe w/ SRS transmission
	23.0%
	384975
	363312
	



UL peak spectral efficiency for different bandwidth are provided in Table 2.2.2-2 and Table 2.2.2-3 for FDD and TDD, respectively. 
Table 2.2.2-2 LTE FDD UL peak spectral efficiency (bit/s/Hz)
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	19.31
	20.21
	20.25
	20.15
	15




Table 2.2.2-3 LTE TDD UL peak spectral efficiency (bit/s/Hz) 
(Frame structure: DSUDD, Special subframe = 11DL:1GP:2UL, ) 
	Modulation order 
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	Req.

	FR1
	256QAM
	16.61
	17.28
	17.31
	17.28
	15



Observation 1: LTE can fulfill DL and UL peak spectral efficiency requirements.
Peak data rate
According to Report ITU-R M.2410, the peak data rate is defined as in subsection 4.1. Based on the definition, the DL and UL peak data rate of NR and LTE is analyzed. 
The DL/UL peak data rate for FDD and TDD can be calculated as below

					(3)
where the scaling factor (j) is the value for DL or UL on band j, respectively.
It is noted that in the above equation, Wj is the effective bandwidth that takes into account the uplink/downlink ratio as defined in Report ITU-R M.2410.
LTE evaluation results
DL peak data rate
DL peak data rate for LTE are provided in Table 3.1.1-1 for FDD. The detailed assumptions are provided in Appendix-B.
Table 3.1.1-1 LTE DL peak data rate
	Duplexing
	Modulation order
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Aggregated peak data rate over 32 CCs (Gbit/s)
	Req. (Gbit/s)

	FDD
	256QAM
	20
	0.751
	24.0
	20

	FDD
	1024QAM
	20
	0.942
	30.1
	



UL peak data rate
UL peak data rate for LTE are provided in Table 3.1.2-1 for FDD. 
Table 3.1.2-1 LTE UL peak data rate
	Duplexing
	Per CC BW (MHz)
	Peak data rate per CC (Gbit/s)
	Aggregated peak data rate over 32 CCs (Gbit/s)
	Req. (Gbit/s)

	FDD
	20
	0.403
	12.9
	10



Observation 2: LTE can fulfill DL and UL peak data rate requirements with carrier aggregation.
Conclusions
In this document, the peak spectral efficiency and peak data rate of LTE are evaluated. The following observations are made.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: LTE can fulfill DL and UL peak spectral efficiency requirements.
Observation 2: LTE can fulfill DL and UL peak data rate requirements with carrier aggregation.
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Appendix-A       Detailed evaluation assumptions for LTE
Evaluation parameters for LTE DL peak spectral efficiency and peak data rate is shown in Table A-1. The notations can be found in Eq. (1) and Eq. (2) in Section 2.1.
Table A-1 LTE Parameters for FDD DL peak spectral efficiency and peak data rate evaluation
	Parameters
	Values
	Remarks

	Max. number of layers
[image: ]
	8
	

	

	1.0 for FDD;
0.7643 for TDD
	

	Highest modulation order
[image: ]
	8
10
	256QAM
1024QAM

	Scaling factor of modulation 


	1
	
	

	Max. coding rate
Rmax
	According to Transport block size (TBS) table defined in TS36.213
	

	

	25 PRBs for 5MHz
50 PRBs for 10MHz
75 PRBs for 15MHz
100 PRBs for 20MHz
	The maximum number of RBs for the specific component carrier bandwidth is used.


The overhead assumption used in the LTE DL evaluation is shown in Table A-2.
Table A-2 Overhead assumption for LTE DL evaluation
	Applied duplexing
			FR1	

	FDD, 
TDD
	· PBCH: 240 RE per 10ms (not including CRS)
· PSS/SSS: 288 RE per 10ms
· PDCCH: 1 complete symbol
· CRS: 1 port for non-MBSFN; 0 port for MBSFN.
· DMRS: 8 ports, 24RE per PRB
· CSI-RS: 8 CSI-RS ports with periodicity of 40ms; 8 RE/PRB/40ms.
· MBSFN: 6 subframes per radio frame for MBSFN for FDD; 4 subframes per radio frame for MBSFN for TDD with DSUDD; 



Evaluation parameters for LTE UL peak spectral efficiency and peak data rate is shown in Table A-3. The notations can be found in Eq. (1) and Eq. (2) in Section 2.1.
Table A-3 LTE Parameters for UL peak spectral efficiency and peak data rate evaluation
	Parameters
	Values
	Remarks

	Max. number of layers
[image: ]
	4
	

	

	1.0 for FDD;
0.2357 for TDD
	

	Highest modulation order
[image: ]
	8
	256QAM

	Scaling factor of modulation 


	1
	

	Max. coding rate
Rmax
	According to Transport block size (TBS) table defined in TS36.213
	

	

	25 PRBs for 5MHz
50 PRBs for 10MHz
75 PRBs for 15MHz
100 PRBs for 20MHz
	The maximum number of RBs for the specific component carrier bandwidth is used.



The overhead assumption used in the LTE UL evaluation is shown in Table A-4.
Table A-4 Overhead assumption for LTE UL evaluation
	Applied duplexing
			FR1	

	FDD, 
TDD
	· PUCCH: 2 PRBs in every uplink subframe
· DMRS: 2 complete symbols, 24 RE per PRB
· SRS: 1 symbol per 10ms
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