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1. Introduction

When defining accuracy requirements for NR in performance part, using band grouping can be of great significance in providing clear and precise demonstration. The reason that accuracy requirements are related to band grouping is that, when defining the side conditions of the accuracy requirements, we use band groups to category different bands with different REFSENS and minimum Io levels. In NR, the REFSENS of a certain band not only depends on the channel bandwidth but also on the subcarrier spacing used. 
This contribution is a re-submission of the previous one and we provide discussions on the REFSENS of each NR band and the relationship between band groups and REFSENS. Proposals are in a generic way for all the accuracy requirements and test cases in NR performance part including RSRP, RSRQ, SINR and time differences.
2. Discussion
2.1. NR bands and REFSENS
When defining measurement accuracy requirements for NR performance part, the side conditions of each accuracy requirement need to be defined alongside. The side conditions mentioned here consist of the minimum Io level and the reference signal sensitivity to meet the accuracy requirements. It is observed that those side conditions are band agnostic which means that we should define different side conditions for different band groups.
In 38.101, band to support NR FR1 and FR2 transmissions are defined as in the below tables.

	Table 5.2-1: NR operating bands in FR1

NR Operating Band

Uplink (UL) operating band
BS receive
UE transmit

Downlink (DL) operating band
BS transmit 
UE receive

Duplex Mode

FUL_low   –  FUL_high
FDL_low   –  FDL_high
n1
1920 MHz
–
1980 MHz 
2110 MHz
–
2170 MHz
FDD
n2
1850 MHz
–
1910 MHz
1930 MHz
–
1990 MHz
FDD
n3
1710 MHz
–
1785 MHz
1805 MHz
–
1880 MHz
FDD
n5
824 MHz
–
849 MHz
869 MHz
–
894MHz
FDD
n7
2500 MHz
–
2570 MHz
2620 MHz
–
2690 MHz
FDD
n8
880 MHz
–
915 MHz
925 MHz
–
960 MHz
FDD
n20
832 MHz
–
862 MHz
791 MHz
–
821 MHz
FDD
n28
703 MHz
–
748 MHz
758 MHz
–
803 MHz
FDD
n38
2570 MHz
–
2620 MHz
2570 MHz
–
2620 MHz
TDD
n41
2496 MHz
–
2690 MHz
2496 MHz
–
2690 MHz
TDD
n50
1432 MHz
–
1517 MHz
1432 MHz
–
1517 MHz
TDD
n51
1427 MHz
–
1432 MHz
1427 MHz
–
1432 MHz
TDD
n66
1710 MHz
–
1780 MHz 
2110 MHz
–
2200 MHz
FDD
n70
1695 MHz
–
1710 MHz 
1995 MHz
–
2020 MHz
FDD
n71
663 MHz
–
698 MHz 
617 MHz
–
652 MHz
FDD
n74
1427 MHz
–
1470 MHz 
1475 MHz
–
1518 MHz 
FDD
n75
N/A
1432 MHz
–
1517 MHz
SDL
n76
N/A
1427 MHz
–
1432 MHz
SDL
n78 
3300 MHz
–
3800 MHz 
3300 MHz
–
3800 MHz 
TDD
n77 
3300 MHz
–
 4200 MHz
3300 MHz
–
 4200 MHz
TDD
n79 
4400 MHz
–
5000 MHz
4400 MHz
–
5000 MHz
TDD
n80
1710 MHz
–
1785 MHz
N/A
SUL
n81
880 MHz
–
915 MHz
N/A
SUL
n82
832 MHz
–
862 MHz
N/A
SUL
n83
703 MHz
–
748 MHz
N/A
SUL
n84
1920 MHz
–
1980 MHz 
N/A
SUL
Table 5.2-1: NR operating bands in FR2

NR Operating Band

Uplink (UL) operating band
BS receive
UE transmit

Downlink (DL) operating band
BS transmit 
UE receive

Duplex Mode

FUL_low   –  FUL_high
FDL_low   –  FDL_high
n257
26500 MHz
–
29500 MHz 
26500 MHz
–
29500 MHz 
TDD
n258
24250 MHz
–
27500 MHz
24250 MHz
–
27500 MHz
TDD
n260
37000 MHz
–
40000 MHz
37000 MHz
–
40000 MHz
TDD



The difference between NR and LTE in defining the side conditions for measurement accuracy requirements is that in NR the REFSENS is not only band agnostic but also depends on the subcarrier spacing used. The reason for this is that when configured with different SCS, the actual bandwidth of the resource blocks are slightly different among different numerologies resulting in slightly differences in REFSENS. The below tables in 38.101 show the differences in various SCS of the NR bands.

	Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
SCS (kHz)

5MHz

10MHz

15MHz

20 MHz

25 MHz

30 MHz

40 MHz

50MHz

60 MHz

80 MHz

100 MHz

NRB
NRB
NRB
NRB
NRB
NRB
NRB
NRB
NRB
NRB
NRB
15

25

52

79

106

133

[TBD]

216

270

N/A

N/A

N/A

30

11

24

38

51

65

[TBD]

106

133

162

217

273

60

N/A

11

18

24

31

[TBD]

51

65

79

107

135

Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
SCS (kHz)
50MHz

100MHz

200MHz

400 MHz

NRB
NRB
NRB
NRB
60

66

132

264

N.A

120

32

66

132

264




Thus the REFSENS can be derived according to the operating bands and the SCS used for such bands. In 38.101, the UE REFSENS of the NR operating bands for FR1 are defined as shown in the below tables.

	Table 7.3.2-1: Two antenna port reference sensitivity QPSK PREFSENS 

Operating band / SCS / Channel bandwidth / Duplex-mode

Operating Band

SCS kHz

5

MHz
(dBm)

10

MHz
(dBm)

15

MHz
(dBm)

20

MHz
(dBm)

25

MHz
(dBm)

40

MHz
(dBm)

50

MHz
(dBm)

60

MHz
(dBm)

80

MHz
(dBm)

90

MHz
(dBm)

100 MHz
(dBm)

Duplex Mode

n1

15

-100.0

-96.8

-95.0

-93.8

FDD
30

-97.1

-95.1

-94.0

60

-97.5
-95.4

-94.2

n2
15

-98.0
-94.8
-93.0
-91.8
FDD

30

-95.1
-93.1
-92.0
60

-95.5
-93.4
-92.2
n3
15
-97.0
-93.8
-92.0
-90.8
-89.7
FDD

30

-94.1
-92.1
-91.0
-89.8
60

-94.5
-92.4
-91.2
-90.0
n5
15

-98.0
-94.8 
 -93.0 
-90.8 
FDD

30

-95.1
-93.1
-91.0
60

n71
15

-98.0
-94.8
-93.0
-91.8
FDD

30

-95.1
-93.1
-92.0
60

-95.5
-93.4
-92.2
n8
15

-97.0
-93.8
-92.0
-90.0
FDD
30

-94.1
-92.1
-90.2
60

n12
15
-97.0
-93.8
-92.0
FDD
30
-94.1
-92.1
60
n20
15

-97.0
-93.8
-91.0
-89.8
FDD
30

-94.1
-91.1
-90.0
60

n25
15
-96.5
-93.3
-91.5
-90.3
FDD
30
-93.6
-91.6
-90.5
60
-94.0
-91.9
-90.7
n28
15

-98.5
-95.5
-93.5
-90.8
FDD
30

-95.6
-93.6
-91.0
60

n34
15
-100.0
-96.8
-95.0
TDD
30
-97.1
-95.1
60
-97.5
-95.4
n38
15

-100.0
-96.8
-95.0
-93.8
TDD
30

-97.1
-95.1
-94.0
60

-97.5
-95.4
-94.2
n39
15
-100.0
-96.8
-95.0
-93.8
-92.7
-90.6
TDD
30
-97.1
-95.1
-94.0
-92.8
-90.7
60
-97.5
-95.4
-94.2
-93.0
-90.9
n40
15
-100.0
-96.8
-95.0
-93.8
-92.7
-90.6
-89.6
TDD
30
-97.1
-95.1
-94.0
-92.8
-90.7
-89.7
-88.9
-87.6
60
-97.5
-95.4
-94.2
-93.0
-90.9
-89.8
-89.1
-87.6
n411
15

-94.8
-93.0
-91.8
-88.6
-87.6
TDD
30

-95.1
-93.1
-92.0
-88.7
-87.7
-86.9
-85.6
-85.1
-84.7
60

-95.5
-93.4
-92.2
-88.9
-87.8
-87.1
-85.6
-85.1
-84.7
n51
15

-100.0
TDD
30

60

n66
15

-99.5
-96.3
-94.5
-93.3
-90.1

FDD
30

-96.6
-94.6
-93.5
-90.2
60

-97.0
-94.9
-93.7
-90.4
n70
15

-100.0
-96.8
-95.0
-93.8
-92.7
FDD
30

-97.1
-95.1
-94.0
-92.8
60

-97.5
-95.4
-94.2
-93.0
n71

15

-97.2
-94.0
-91.6
-86.0
FDD

30

-94.3
-91.9
-87.4
60

-
n771
15

-95.8
-94.0
-92.7
-89.6
-88.6
TDD

30

-96.1
-94.1
-92.9
-89.7
-88.7
-87.9
-86.6
-86.1
-85.6
60
-

-96.5
-94.4
-93.1
-89.9
-88.8
-88.0
-86.7
-86.2
-85.7
n77 (3.8 to 4.2 GHz)1
15

-95.3
-93.5
-92.2
-89.1
-88.1
TDD

30

-95.6
-93.6
-92.4
-89.2
-88.2
-87.4
-86.1
-85.6
-85.1
60
-

-96.0
-93.9
-92.6
-89.4
-88.3
-87.5
-86.2
-85.7
-85.2
n781
15

-95.8
-94.0
-92.7
-89.6
-88.6
TDD

30

-96.1
-94.1
-92.9
-89.7
-88.7
-87.9
-86.6
-86.1
-85.6
60

-96.5
-94.4
-93.1
-89.9
-88.8
-88.0
-86.7
-86.2
-85.7
n791
15

-89.6
-88.6
TDD

30

-89.7
-88.7
-87.9
-86.6
-85.6
60

-89.9
-88.8
-88.0
-86.7
-85.7
NOTE 1: Four Rx antenna ports shall be the baseline for this operating band

NOTE 2:
The transmitter shall be set to PUMAX as defined in subclause 6.2.4




With the above information, we can define 38.133 band grouping according to the REFSENS of each band to benefit the accuracy requirement demonstration for NR performance part.
2.2. Band grouping according to REFSENS
At this point, the values for FR2 are not stable enough for us to use it in our spec. thus we only provide the band grouping for FR1 NR bands and numerologies.
Table 3.5.1-1: NR band groups

	Group
	NR FDD
	NR TDD

	
	Band group notation
	Operating bands
	Band group notation
	Operating bands

	A
	NRFDD_A
	n1, n70
	NRTDD_A
	n34, n38, n39, n40, n51

	B
	NRFDD_B
	n66
	NRTDD_B
	

	C
	NRFDD_C
	
	NRTDD_C
	n77, n78, n79

	D
	NRFDD_D1 
	
	NRTDD_D1
	n77 (3.8 to 4.2 GHz)

	
	NRFDD_D2
	n28note 2
	NRTDD_D2
	

	E
	NRFDD_E
	n2, n5, n7
	NRTDD_E
	n41

	F
	NRFDD_F
	n71note 2
	NRTDD_F
	

	G
	NRFDD_G
	n3, n8, n12, n20
	NRTDD_G
	

	H
	NRFDD_H
	n25
	NRTDD_H
	

	I
	NRFDD_I
	
	NRTDD_I
	

	J
	NRFDD_J
	
	NRTDD_J
	

	K
	NRFDD_K
	
	NRTDD_K
	

	L
	NRFDD_L
	
	NRTDD_L
	

	M
	NRFDD_M
	
	NRTDD_M
	

	N
	NRFDD_N
	
	NRTDD_N
	

	O
	NRFDD_O
	
	NRTDD_O
	

	P
	NRFDD_P
	
	NRTDD_P
	

	Note 1:
The bands within the same group have the same Io conditions in a corresponding requirement in this specification.

Note 2:      The requirements of REFSENS for n28 and n71 is unique that they are classified into separate groups.


Proposal 1: Define band groups with regard to the REFSENS of the NR operating bands and reuse the LTE band group table as the baseline. 
2.3. Side conditions for performance part requirements
According to what has been discussed above, we are considering defining the side conditions for the performance part requirements including accuracy of RSRP, RSRQ, SINR and time differences. However unlike LTE, NR bands with different operating SCS have different REFSENS and should have different Io conditions. For example in LTE, we have the below table, in which the side condition Io is only dependent on certain bands.
	Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy

Accuracy

Conditions

Normal condition

Extreme condition

Ês/Iot

Io Note 1 range

E-UTRA operating band groups Note 3
Minimum Io

Maximum Io

dB

dB

dB

dBm/15kHz Note 2
dBm/BWChannel
dBm/BWChannel
(4.5
(9

(-6 dB

FDD_A, TDD_A

-121

N/A

-70

FDD_B1, FDD_B2
-120.5
N/A
-70
FDD_C, TDD_C

-120
N/A

-70

FDD_D

-119.5
N/A

-70

FDD_E, TDD_E

-119

N/A

-70

FDD_F

-118.5
N/A

-70

FDD_G

-118
N/A

-70

FDD_H

-117.5
N/A

-70

FDD_N
-114.5
N/A

-70
(8

(11

(-6 dB

FDD_A, TDD_A, FDD_B1, FDD_B2, FDD_C, TDD_C, FDD_D, FDD_E, TDD_E, FDD_F, FDD_G, FDD_H, FDD_N

N/A

-70

-50

NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.



However in NR, we should define Io conditions with additional SCS scaling mainly because different numerologies have different RB allocations even within the same band. Additionally, we should also modify the way Io values are normalized. In LTE, as shown in the above table, the minimum Io values are normalized by 15kHz, which is supposed to be the bandwidth of a sub carrier. But in NR, with different numerologies, simply having the values normalized by 15kHz no longer applies. The correct way to have the minimum Io values normalized by RE, which applies for different numerologies.
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Figure 1 Normalized by RE applies for numerologies
3. Conclusion
In this contribution, we provide discussions on the REFSENS of each NR band and the relationship between band groups and band REFSENS. Proposals are in a generic way for all the accuracy requirements in NR performance part including RSRP, RSRQ, SINR and also time difference measurement accuracy requirements.
Proposal 1: Define band groups with regard to the REFSENS of the NR operating bands and reuse the LTE band group table as the baseline. 
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