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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#75 meeting in March 2017, New Study Item on Self Evaluation towards IMT-2020 submission was approved [1] and further revised in [2] at RAN#76 meeting. As discussed in [3], the self evaluation will go into performance evaluation phase for all ITU-R IMT-2020 requirements including eMBB requirements. 
Among the eMBB requirements, peak spectral efficiency and peak data rate need to be analyzed, and be provided to ITU-R. In this paper, the evaluation approaches and results of peak spectral efficiency and peak data rate are provided.
Consideration of technical features
In [4], it is agreed that 3GPP will submit a set of radio interface technologies (SRIT) consisting of NR component RIT and LTE component RIT, and in addition NR RIT to ITU-R. With this submission formats, both LTE and NR RIT features need to be considered for peak spectral efficiency and peak data rate evaluation. 
In this document, the evaluation for NR is considered. Considering NR works on two frequency ranges, i.e., frequency range 1 (FR1) for sub 6 GHz, and frequency range 2 (FR2) for above 24 GHz, this document presents the consideration for both frequency ranges. In addition, the analysis shown here is based on the assumption that the component carrier bandwidth is assigned to one transmission direction for either paired spectrum or unpaired spectrum. 
Peak spectral efficiency
According to Report ITU-R M.[IMT-2020.TECH PERF REQ], the peak spectral efficiency is defined as in subsection 3.1. Based on the definition, the DL and UL peak spectral efficiency of NR is analyzed. 
[bookmark: _Ref129681832]Metric definition and requirements
Peak spectral efficiency is the maximum data rate under ideal conditions normalised by channel bandwidth (in bit/s/Hz), where the maximum data rate is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times).
It is noted that the peak spectral efficiency is calculated per user.
The requirement of DL and UL is shown in Table 1. Note that the requirements are defined assuming an antenna configuration to enable 8 spatial layers (streams) in the downlink and 4 spatial layers (streams) in the uplink. 
Table 1. The requirements of peak spectral efficiency
	
	ITU-R requirements

	Downlink peak spectral efficiency (bit/s/Hz)
	30

	Uplink peak spectral efficiency (bit/s/Hz)
	15


According to the definition, it is seen that  peak spectral efficiency is dependent on the highest modulation order and code rate, the spatial multiplexing capability, i.e., spatial layers, the overhead and bandwidth utilization capability. Therefore, peak spectral efficiency can be expressed as below.

                                       (1)
where M is the highest supported modulation order, C is the highest achievable code rate, S is the supported spatial layer number, RE is the total available RE number per radio frame for the total channel bandwidth where the impact of bandwidth utilization ratio is included, OH is the overhead on a radio frame, BW is the total channel bandwidth of the component carrier, and T is the length of a radio frame. 
DL peak spectral efficiency
Based on the definition of peak spectral efficiency, the values of the key parameters are needed and their typical values are provided in Table 2. 
Table 2. The parameters and values of DL peak spectral efficiency
	Parameters
	Values
	Remarks

	Modulation order (M)
	8
	NR supports up to 256QAM for DL

	Code rate (C)
	0.93
	Assume similar capability as LTE

	Number of layer (S)
	8
	NR supports up to 8 layers for a single user for DL

	Number of RE per radio frame (RE)
	For below 6 GHz:
· 3240×10×Nsym for 50MHz with 15kHz SCS
· 3276×20×Nsym for 100MHz with 30kHz SCS
· 1620×40×Nsym for 100MHz with 60kHz SCS
For above 24 GHz:
· 3168×40×Nsym for 200MHz with 60kHz SCS
· 3168×80×Nsym for 400MHz with 120kHz SCS
where Nsym=14 is the number of OFDM symbols in one slot.
	Spectral utilization for below 6 GHz [5]:
· 50MHz with 15kHz SCS: 270 PRB
· 100MHz with 30kHz SCS: 273 PRB
· 100MHz with 60kHz SCS: 135 PRB
Spectral utilization for above 24 GHz:
· 200MHz with 60kHz SCS: 264 PRB
· 400MHz with 120kHz SCS: 264 PRB

	Overhead (OH)
	For below 6 GHz:
· 0.11 for 50MHz with 15kHz SCS
· 0.10 for 100MHz with 30kHz SCS
· 0.11 for 100MHz with 60kHz SCS
For above 24 GHz:
· 0.244 for 200MHz with 60kHz SCS
· 0.234 for 400MHz with 120kHz SCS
	For below 6 GHz:
· 1 single symbol CORESET of 8 RB in every slot (supports up to 8 CCE)
· 12 RE/RB/slot  (every slot)
· TRS burst of 2 slots with periodicity of 20ms and occupies 24RB
· 6 RE/RB/slot
· DMRS: 16 RE/RB/slot
· CSI-RS: 8 CSI-RS ports with 8 RE/RB/slot with periodicity of 20ms
· 8 SS/PBCH blocks per 20ms 
For above 24 GHz:
· 1 single symbol CORESET of 16 RB in every slot (supports up to 16 CCE)
· 12 RE/RB/slot  (every slot)
· TRS burst of 2 slots with periodicity of 10ms and occupies 24RB
· 12 RE/RB/slot
· DMRS: 32 RE/RB/slot
· PTRS: 4 RE/RB/slot (2 port PT-RS, with 25% frequency domain density)
· CSI-RS: 8 CSI-RS ports with 8 RE/RB/slot with periodicity of 10ms
· CSI-RS for BM: 1 CSI-RS port with 2 RE/RB/slot with periodicity of 10ms
· 64 SS/PBCH blocks per 20ms

	Total bandwidth of component carrier (BW)
	For below 6 GHz:
· 50MHz
· 100MHz
For above 24 GHz:
· 200MHz
· 400MHz
	For below 6 GHz, the supported component carrier bandwidth includes:
· 50MHz 
· 100MHz 
For above 24 GHz, the supported component carrier bandwidth includes:
· 200MHz 
· 400MHz 

	Radio frame length (T)
	· 10ms
	



According to Eq.(1) and the parameters in Table 2, the DL peak spectral efficiency for different bandwidth and SCS parameters are shown in Table 3.
Table 3. The DL peak spectral efficiency for bandwidth and SCS parameters
	Bandwidth and SCS parameters
	DL peak spectral efficiency (bit/s/Hz)
	Requirement (bit/s/Hz)

	FR1 (Below 6 GHz)
	50MHz with 15kHz SCS
	48.06
	30

	
	100MHz with 30kHz SCS
	49.14
	

	
	100MHz with 60kHz SCS
	48.06
	

	FR2 (Above 24 GHz)
	200MHz with 60kHz SCS
	39.91
	

	
	400MHz with 120kHz SCS
	40.44
	



UL peak spectral efficiency
Similar to DL, the key parameters and values which impact the UL peak spectral efficiency analysis are given in Table 4.
Table 4. The parameters and values of UL peak spectral efficiency
	Parameters
	Values
	Remarks

	Modulation order (M)
	8
	NR supports up to 256QAM for UL

	Code rate (C)
	0.93
	Assume similar capability as LTE

	Number of layer (S)
	4
	NR supports up to 4 layers for a single user for UL

	Number of RE per radio frame (RE)
	For below 6 GHz:
· 3240×10×Nsym for 50MHz with 15kHz SCS
· 3276×20×Nsym for 100MHz with 30kHz SCS
· 1620×40×Nsym for 100MHz with 60kHz SCS
For above 24 GHz:
· 3168×40×Nsym for 200MHz with 60kHz SCS
· 3168×80×Nsym for 400MHz with 120kHz SCS
where Nsym=14 is the number of OFDM symbols in one slot.
	Spectral utilization for below 6 GHz [5]:
· 50MHz with 15kHz SCS: 270 PRB
· 100MHz with 30kHz SCS: 273 PRB
· 100MHz with 60kHz SCS: 135 PRB
Spectral utilization for above 24 GHz:
· 200MHz with 60kHz SCS: 264 PRB
· 400MHz with 120kHz SCS: 264 PRB

	Overhead (OH)
	For below 6GHz:
· 0.08 for 50MHz with 15kHz SCS
· 0.08 for 100MHz with 30kHz SCS
· 0.08 for 100MHz with 60kHz SCS
For above 6GHz:
· 0.184 for 200MHz with 60kHz SCS
· 0.184 for 400MHz with 120kHz SCS
	For below 6 GHz:
· DM-RS: 1 complete symbol per slot
· SRS: 2 symbols per slot with periodicity of 5ms and SRS BW of 8 PRB
For above 24 GHz:
· DM-RS: 2 complete symbol per slot
· SRS: 4 symbols per slot with periodicity of 5ms and SRS BW of 16 PRB
· PTRS: 4 RE/RB/slot (2 port PT-RS, with 25% frequency domain density)

	Total bandwidth of component carrier (BW)
	For below 6GHz:
· 50MHz
· 100MHz
For above 6GHz:
· 200MHz
· 400MHz
	For below 6 GHz, the supported component carrier bandwidth includes:
· 50MHz 
· 100MHz 
For above 24 GHz, the supported component carrier bandwidth includes:
· 200MHz 
· 400MHz

	Radio frame length (T)
	· 10ms
	



With Eq.(2) and the assumed parameters in the Table 4, the UL peak spectral efficiency of NR are shown in Table 5.
Table 5. The UL peak spectral efficiency for bandwidth and SCS parameters
	Bandwidth and SCS parameters
	UL peak spectral efficiency (bit/s/Hz)
	Requirement (bit/s/Hz)

	FR1 (Below 6 GHz)
	50MHz with 15kHz SCS
	24.84
	15

	
	100MHz with 30kHz SCS
	25.11
	

	
	100MHz with 60kHz SCS
	24.84
	

	FR2 (Above 24 GHz)
	200MHz with 60kHz SCS
	21.54
	

	
	400MHz with 120kHz SCS
	21.54
	


Observations
Based on the above evaluation results, it is observed that,
Observation1: NR can fulfill DL and UL peak spectral efficiency requirements for both below and above 6GHz.
Observation2: The peak spectral efficiency of above 6GHz is lower than that of below 6GHz,considering the overhead needed. 
Peak data rate
According to Report ITU-R M.[IMT-2020.TECH PERF REQ], the peak spectral efficiency is defined as in subsection 4.1. Based on the definition, the DL and UL peak data rate of NR is analyzed. 
Metric definition and requirements
Peak data rate is the maximum achievable data rate under ideal conditions (in bit/s), which is the received data bits assuming error-free conditions assignable to a single mobile station, when all assignable radio resources for the corresponding link direction are utilized (i.e., excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times).
Peak spectral efficiency and available bandwidth may have different values in different frequency ranges. In case bandwidth is aggregated across multiple bands, the peak data rate will be summed over the bands. Therefore, if bandwidth is aggregated across Q bands then the total peak data rate is

                                                                 (2)
where Wi and SEpi (i = 1,…Q) are the component bandwidths and spectral efficiencies respectively.
Table 6. The requirements of peak data rate
	
	ITU-R requirements

	Downlink peak data rate (Gbit/s)
	20

	Uplink peak data rate (Gbit/s)
	10



DL peak data rate
From RAN1 specification perspective, the maximum number of NR carriers for carrier aggregation and dual connectivity is 16. Considering the peak spectral efficiency, the required number of component carriers and the corresponding DL peak data rate is shown in Table 7.
Table 7. The DL peak data rate for bandwidth and SCS parameters
	Bandwidth and SCS parameters
	DL peak data rate (Gbit/s)
	Requirement (Gbit/s)

	FR1 (Below 6 GHz)
	500MHz (10CC) with 15kHz SCS
	21.36
	20

	
	500MHz (5CC) with 30kHz SCS
	24.57
	

	
	500MHz (5CC) with 60kHz SCS
	24.03
	

	FR2 (Above 24 GHz)
	600MHz (3CC) with 60kHz SCS
	23.95
	

	
	800MHz (2CC) with 120kHz SCS
	32.35
	



UL peak data rate
Similar to DL, the required number of component carriers and the corresponding UL peak data rate is shown in Table 8.
Table 8. The UL peak data rate for bandwidth and SCS parameters
	Bandwidth and SCS parameters
	UL peak data rate (Gbit/s)
	Requirement (Gbit/s)

	FR1 (Below 6 GHz)
	500MHz (10CC) with 15kHz SCS
	12.42
	10

	
	500MHz (5CC) with 30kHz SCS
	12.56
	

	
	500MHz (5CC) with 60kHz SCS
	12.42
	

	FR2 (Above 24 GHz)
	600MHz (3CC) with 60kHz SCS
	12.92
	

	
	800MHz (2CC) with 120kHz SCS
	17.23
	


Observations
Based on the above evaluation results, it is observed that,
Observation3: NR can fulfill DL and UL peak data rate requirements for both below and above 6GHz with carrier aggregation.
Observation4: The frequency range of below 6 GHz can achieve similar peak data rate performance to above 6GHz by using less bandwidth. 
Conclusions
In this document, the peak spectral efficiency and peak data rate of NR for the two frequency ranges are analysed. The analysis shown in this document is based on the assumption that the component carrier bandwidth is assigned to one transmission direction for either paired spectrum or unpaired spectrum. The following observations are made.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation1: NR can fulfill DL and UL peak spectral efficiency requirements for both below and above 6GHz.
Observation2: The peak spectral efficiency of above 6GHz is lower than that of below 6GHz, considering the overhead needed. 
Observation3: NR can fulfill DL and UL peak data rate requirements for both below and above 6GHz with carrier aggregation.
Observation4: The frequency range of below 6 GHz can achieve similar peak data rate performance to above 6GHz by using less bandwidth. 
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