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Introduction
This paper is related to the “New Study Item on Self-Evaluation towards IMT-2020 submission” [1]. In this paper, we provide text proposals for IMT-2020 Self-Evaluation TR 37.910. This is related to the definition of frequency range 1 and 2 in TR37.910 v1.1.0. It is noted that the FR1 definition should be aligned with the latest NR RAN4 specification in particular Table 5.1-1 [1], [3] reproduced below:
Table 5.1-1: Definition of frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	24250 MHz – 52600 MHz



Text Proposal for TR 37.910
In this section, we provide text proposals for TR 37.910 with respect to FR1 and FR2 definitions and the use of sub or below 6 GHz terminology. The section numbers correspond to the respective numbers in TR37.910.

*************************************START Text Proposal****************************************
[bookmark: _Toc516617869][bookmark: _Toc524549030]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2] 3GPP TS 38.101-1: “User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone”
[3] 3GPP TS 38.101-2: “User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone”
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
It is preferred that the reference to 21.905 be the first in the list.
**************************************END Text Proposal*****************************************

*************************************START Text Proposal****************************************
In the following, frequency ranges indicated by FR1 and FR2 is defined as [Table 5.1-1, 2, 3]:
	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	24250 MHz – 52600 MHz



5.1	Peak spectral efficiency
As defined in Report ITU-R M.2410, Peak spectral efficiency is the maximum data rate under ideal conditions normalized 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). 
[bookmark: _Toc524549038]5.1.1 	NR
The generic formula for peak spectral efficiency for FDD and TDD for a specific component carrier (say j-th CC) is given by

                                            (5.1.1-1)
wherein	
· Rmax = 948/1024
· 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 signalling
· [image: ] is the numerology (as defined in TS38.211)
· [image: ] is the average OFDM symbol duration in a subframe for numerology [image: ], i.e. [image: ]. Note that normal cyclic prefix is assumed.
· [image: ] is the maximum RB allocation in bandwidth [image: ] with numerology [image: ], as given in TR 38.817-01 section 4.5.1, where [image: ] is the UE supported maximum bandwidth in the given band or band combination.
· 
[image: ]is the overhead  calculated as the average ratio of the number of REs occupied by L1/L2 control, Synchronization Signal, PBCH, reference signals and guard period (for TDD), etc. with respect to the total number of REs in effective bandwidth  time product as given by .
j 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 DL/UL configuration. 
For guard period (GP), 50% of GP symbols are considered as downlink overhead, and 50% of GP symbols are considered as uplink overhead.
[bookmark: _Toc524549039]5.1.1.1	DL peak spectral efficiency
A range of configurations are considered in the evaluation of downlink peak spectral efficiency. The evaluation considers the maximum potential capability as indicated in TS38.214. Note that the DL and UL max data rate supported by the UE is indicated in TS38.306.
For NR FDD, DL peak spectral efficiency of frequency range 1 (FR1)  for 450 MHz – 6000 MHz is evaluated. The evaluated configurations for FDD generally assume 8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258. The difference among the evaluated configurations lays in the overhead of control and reference signals, etc. The evaluation results are provided in Table 5.1.1.1-1. The detailed assumptions are provided in Annex B.3.1.1.
Table 5.1.1.1-1 NR FDD DL peak spectral efficiency (bit/s/Hz)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	40.8~42.8
	44.5~45.5
	45.1~46.5
	45.4~47.0
	45.5~
47.2
	45.7~47.4
	46.2~48.2
	46.2~48.3
	-
	-
	-
	-
	30

	
	30
	32.1~37.7
	39.4~41.1
	43.0~44.2
	43.7~44.8
	44.5~
45.9
	44.5~46.1
	45.4~47.1
	45.5~47.4
	46.2~48.2
	46.4~48.5
	48.5~
48.7
	46.7~48.9
	30

	
	60
	-
	32.4~37.7
	38.4~41.1
	39.6~41.3
	41.8~
43.1
	43.2~44.3
	43.7~44.9
	44.5~46.0
	45.1~46.8
	45.8~47.7
	47.6~
47.8
	46.2~48.2
	30


For NR TDD, DL peak spectral efficiency for both FR1 and FR2 for 24.25 GHz – 52.6 GHz are evaluated. 
For NR TDD in FR1, the evaluated configurations generally assume 8-layer downlink transmission, with 256QAM modulation, and a maximum coding rate of 0.9258. The DL/UL configurations of DDDSU (with ‘S’ slot = 11DL:1GP:2UL) and DSUUD (with ‘S’ slot = 6DL:2GP:6UL and 11DL:1GP:2UL respectively) are evaluated. 
The evaluation results of DDDSU for FR1 are provided in Table 5.1.1.1-2. In the evaluation, different control overhead assumptions are considered due to the different transmission schemes. The detailed assumptions are provided in Annex B.3.1.1.
Table 5.1.1.1-2 NR TDD DL peak spectral efficiency for FR1 (bit/s/Hz)
(Frame structure: DDDSU; DL=0.7643; with OH1 and OH2)
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	39.6~41.5
	43.6~44.5
	44.9~45.6
	45.6~46.1
	46.1~ 46.4
	46.3~46.6
	47.1~47.3
	47.2~47.4
	-
	-
	-
	-
	30

	
	30
	31.7~35.2
	38.4~40.3
	42.1~43.3
	43.1~44.0
	44.4~ 45.1
	44.6~45.3
	45.9~46.3
	46.3~46.6
	47.1~47.4
	47.5~47.7
	47.7~47.9
	47.9~48.1
	30

	
	60
	-
	31.8~35.3
	37.5~40.1
	38.7~40.5
	40.9~ 42.3
	42.3~43.5
	43.3~44.2
	44.5~45.3
	45.4~46.0
	46.4~46.9
	46.8~47.2
	47.1~47.4
	30


The evaluation results of DSUUD for the two S-slot configurations for FR1 are provided in Table 5.1.1.1-3. The detailed assumptions are provided in Annex B.3.1.1.
Table 5.1.1.1-3 NR TDD DL peak spectral efficiency for FR1 (bit/s/Hz)
(Frame structure: DSUUD)
(a) S slot = 11DL:1GP:2UL, DL=0.5643, with OH3
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	39.1
	43.1
	44.5
	45.2
	45.6
	45.9
	46.7
	46.8
	-
	-
	-
	-
	30

	
	30
	30.4
	38.0
	41.7
	42.7
	44.0
	44.3
	45.5
	45.9
	46.8
	47.1
	47.4
	47.6
	30

	
	60
	-
	31.0
	37.1
	38.4
	40.6
	42.0
	42.9
	44.2
	45.1
	46.1
	46.5
	46.8
	30



 (b) S slot = 6DL:2GP:6UL, DL=0.5, with OH4
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90
MHz
	100 MHz
	Req.

	FR1
	15
	39.1
	42.4
	43.5
	44.0
	44.4
	44.6
	45.3
	45.4
	-
	-
	-
	-
	30

	
	30
	33.1
	37.4
	40.7
	41.6
	42.7
	42.9
	44.0
	44.4
	45.2
	45.5
	45.7
	45.9
	30

	
	60
	-
	33.1
	36.4
	37.4
	39.4
	40.7
	41.6
	42.7
	43.5
	44.5
	44.8
	45.1
	30


For NR TDD in FR2, the DL/UL configurations of DDDSU (with ‘S’ slot = 11DL:1GP:2UL) and DSUUD (with ‘S’ slot = 6DL:2GP:6UL and 11DL:1GP:2UL respectively) are evaluated. For FR2 evaluation, the number of layers is assumed to be 6. This is because larger than 6-port DMRS is difficult due to the phase noise impact on FR2. Besides, the highest modulation order of 256QAM and the maximum coding rate of 0.9258 are assumed.
The evaluation results of DDDSU and DSUUD for FR2 are provided in Table 5.1.1.1-4 and Table 5.1.1.1-5, respectively. The detailed assumptions are provided in Annex B.3.1.1.
Table 5.1.1.1-4 NR TDD DL peak spectral efficiency for FR2 (bit/s/Hz)
(Frame structure: DDDSU, DL=0.7643, Number of layer = 6)
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR2
	60
	33.7
	34.5
	34.9
	-
	30

	
	120
	31.7
	34.0
	34.7
	35.0
	30



Table 5.1.1.1-5 NR TDD DL peak spectral efficiency for FR2 (bit/s/Hz)
 (Frame structure: DSUUD, S slot = 11DL:1GP:2UL, DL=0.5643, Number of layer = 6)
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR2
	60
	32.9
	33.8
	34.2
	-
	30

	
	120
	31.1
	33.5
	34.2
	34.6
	30


If phase noise does not exist for FR2, the 8- layer transmission can be supported for FR2. The evaluation of this capability together with DSUUD is provided in Table 5.1.1.1-6.
Table 5.1.1.1-6 NR TDD DL peak spectral efficiency for FR2 (bit/s/Hz)
 (Frame structure: DSUUD, S slot = 6DL:2GP:6UL, DL=0.5, Number of layer = 8)
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	Req.

	FR2
	60
	41.9
	43.2
	43.8
	-
	30

	
	120
	38.0
	41.9
	43.2
	43.8
	30


Based on the above analysis, NR fulfils DL peak spectral efficiency requirement with a range of configurations.

**************************************END Text Proposal*****************************************

*************************************START Text Proposal****************************************

[bookmark: _Toc524549092]5.8.1	Network side
[bookmark: _Toc524549093]5.8.1.1	NR
The sleep ratio and sleep duration for NR network under unloaded case are evaluated.
When no data transfer takes place, NR network will keep periodical transmission of SS/PBCH blocks and RMSI (remaining minimum system information), as well as paging signal in order for UEs to detect and access the radio network. The following mechanisms for SS/PBCH block, RMSI and paging are assumed for the evaluation. 
For SS/PBCH block transmission, the following configurations are considered in evaluation.
· One SS/PBCH block occupies 4 OFDM symbols with 20 RBs in one slot.
· One or multiple SS/PBCH block(s) compose an “SS burst set” (SSB set).
· [bookmark: OLE_LINK23]Denote L as the number of SS/PBCH blocks in an SSB set, where L can be 1~ 64. For below 3 GHz, the maximum value of L is 4; for below 7.125 6 GHz, the maximum value of L is 8.
· One SSB set transmission is confined to a half radio frame (5 ms) window
· The SSB set periodicity (PSSB) can be configured to be {5, 10, 20, 40, 80, 160} ms  
· The following mapping is used in a half radio frame for 15, 30, 120 and 240kHz SCS
· 2 SS/PBCH blocks is transmitted in one slot. And the L SS/PBCH blocks in an SSB set is transmitted in successive slots from the first slot in one SSB set period.
For RMSI transmission, the following configurations are considered in evaluation.
· One RMSI transmission occupies 2 OFDM symbols in one slot.
· RMSI is multiplexed with SS/PBCH block using the following ways:
· For FR1 (below 6 GHz), RMSI is time division multiplexed (TDMed) with SS/PBCH block. 
· For FR2 (above 24 GHz), RMSI can be frequency division multiplexed (FDMed) with SS/PBCH block.
· SS/PBCH block and RMSI could be transmitted in the same slot for both TDM and FDM.
· RMSI periodicity (PRMSI) is assumed as follows: 
· 20ms for SSB set periodicity less than or equal to 20ms;  
· Otherwise RMSI periodicity equals to SSB set periodicity.
· The following mapping is used 
· One RMSI transmission corresponds to one SS/PBCH block
· If L SS/PBCH block is transmitted, then L RMSI transmissions are required.
· One slot accommodates 2 RMSI transmissions.
· The offset of RMSI transmission can be set as {0, 2, 5, 7}ms with respect to every 20ms time point. In the evaluation, the offset value that allows the closest RMSI transmission to SS/PBCH block transmission is selected.
For paging occasion, 
· The periodicity of paging occasion is the same as that of SSB set, and it is FDMed with an SS block.
Figure 5.8.1.1-1 illustrates NR SS/PBCH block and RMSI transmission which employs the above mentioned mechanism.
Half frame 
(
5
ms
)
SS block
SS block
SS block
SS block
“SSB set”
“SSB set” 
periodicity
Half frame 
(
5
ms
)
RMSI
RMSI
RMSI
RMSI

Figure 5.8.1.1-1 Illustration of NR SS/PBCH block and RMSI transmission
**************************************END Text Proposal*****************************************

*************************************START Text Proposal****************************************

[bookmark: _Toc516617898][bookmark: _Toc524549144]8	Self evaluation of generic requirements
[bookmark: _Toc516617899][bookmark: _Toc524549145]8.1	Bandwidth and scalability
As defined in Report ITU-R M.2410, bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers.
Scalable bandwidth is the ability of the candidate RIT/SRIT to operate with different bandwidths.
[bookmark: _Toc524549146]8.1.1	NR
The capability of bandwidth and bandwidth scalability for NR are evaluated. 
According to Section 5.3.2 of TS 38.104, the maximum bandwidth related to specific sub-carrier spacing (SCS) and frequency range (FR) for a component carrier is provided in Table 8.1.1-1. Besides, according to Section 6.4 of TS38.331, carrier aggregation of up to sixteen component carriers is supported by NR Rel-15. Accordingly, the NR capability of maximum aggregated system bandwidth is presented in Table 8.1.1-1. It is observed that the maximum aggregated bandwidth for FR 1 is 800 MHz to 1 600 MHz; while for FR 2, the maximum aggregated bandwidth is 3 200 MHz to 6 400 MHz. Therefore the bandwidth requirement of at least 100 MHz is met by NR Rel-15 under all frequency ranges for all sub-carrier spacing values.
Table 8.1.1-1 NR capability on bandwidth
	
	SCS [kHz] 
	Maximum bandwidth for one component carrier (MHz)
	Maximum number of component carriers for carrier aggregation
	Maximum aggregated bandwidth (MHz)

	FR1
(Below 6 GHz)
	15
	50
			16
	800

	
	30
	100
	16
	1600

	
	60
	100
	16
	1600

	FR2 
(Above 624 GHz)
	60
	200
	16
	3200

	
	120
	400
	16
	6400


According to Section 5.3.2 of TS 38.104, different bandwidths are supported for a component carrier at given SCS as listed in Table 8.1.1-2. Accordingly, the bandwidth scalability capability of NR Rel-15 is summarized in Table 8.1.1-3. It is observed that up to 12 different bandwidths are supported for FR 1, and up to 4 different bandwidths are supported for FR 2. Therefore bandwidth scalability capability is fulfilled by NR Rel-15.
Table 8.1.1-2 Transmission bandwidth configuration NRB in NR
(a) For FR1
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	70
MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N.A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135


 (b) For FR2
	SCS [kHz]
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


Table 8.1.1-3 Bandwidth scalability capability for NR 
	
	SCS [kHz] 
	Minimum component carrier bandwidth (MHz)
	Maximum component carrier bandwidth (MHz)
	Maximum Number of supported bandwidth for a component carrier

	FR1
	15
	5
	50
	8

	
	30
	5
	100
	13

	
	60
	10
	100
	12

	FR2
	60
	50
	200
	3

	
	120
	50
	400
	4


[bookmark: _Toc524549147]
**************************************END Text Proposal*****************************************
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