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1 Introduction

In LTE, to increase the readability of the specification bands grouping was introduced based on the observation that many bands have similar properties from the RRM point of view which are typically used in the conditions of the RRM performance requirements. Such grouping exists for general UEs, NB-IoT UEs, Cat 0 and Cat M1 UEs.
Band grouping is also necessary in the TS 38.133 specification, which is further discussed in this contribution.
2 Discussion

In LTE, the grouping was introduced based on REFSENS requirements, separately for E-UTRA FDD, TDD, and FS3 frame structures defined in TS 36.211.
In NR, the REFSENS requirements are very different for FR1 and FR2 (see Annex A and B, respectively), so separate grouping tables are proposed for FR1 and FR2, to avoid any confusion. There are also FDD and TDD bands, separate band grouping per duplex mode is reasonable, similar to LTE.
· Proposal 1: Separate band groups for FDD and TDD.
· Proposal 2: Separate band grouping tables for FR1 and FR2 are developed
· For FR1, the band grouping is based on non-CA REFSENS requirements for 2 rx ports, i.e., based on TS 38.101-1, Table 7.3.2-1 (Two antenna port reference sensitivity QPSK PREFSENS)

· For FR2, the band grouping is based on non-CA REFSENS requirements, i.e., based on TS 38.101-2, Table 7.3.2.1-1 (Reference sensitivity for power class 1)

In FR2, there are multiple power classes which have different sensitivity levels, which means different conditions for different UE power classes in the RRM requirements. However, from the bands grouping point of view, the bands may be grouped in the same way for different power classes. The power class would then need to be accounted for in the requirements or in the specific conditions, e.g., such as defined in Annex B.2.
· Proposal 3: For FR2, band grouping is the same for the four power classes, while the specific conditions defined for the FR2 band groups are power-class dependent.
A band can be used over different bandwidths and the REFSENS requirements are not exactly the same for the same SCS but different supported bandwidths options, and in fact the difference can be larger than 1 dB. In such cases, the NR bands grouping can follow the same approach as the LTE bands groping – the lowest REFSENS among the supported bandwidths is used in bands grouping.
· Proposal 4: For the same SCS, the lowest REFSENS among the supported bandwidths is used to determine the group of the band.
In addition to a variety of bandwidths, the NR deals also with different SCSs, e.g., the FR1 REFSENS requirements are defined for 15 kHz, 30 kHz, and 60 kHz. However, since the relation between the REFSENS requirements for different SCSs is rather straightforward, when deriving the band groups some reference numerology, e.g., 15 kHz (at least for the bands for which this SCS is used), could be used, but the grouping would hold for all applicable numerologies for each respective band.
· Proposal 5: REFSENS requirements for 15 kHz can be used as a reference for deriving band groups.

· Proposal 6: Band grouping is valid for all numerologies supported by the respective band, e.g., a band X classified to belong group A would belong to the same group for any numerology in the same FR.
Analyzing the REFSENS requirements, it appears that at least for FR1, 0.5 dB resolution is a reasonable step size for two neighbor groups of frequency bands, similar to LTE. A different step size or different criteria may be needed for FR2, due to the large ranges and different low and upper bounds.

· Proposal 7: The steps size is 0.5 dB for defining groups of bands in FR1.

There are two types of NR deployments: SA NR and NSA NR. It is proposed to have generic band grouping which can be used for any type of the deployment. However, if some bands are applicable for SA only or NSA only deployments, a note can be added in the grouping tables.
· Proposal 8: Band grouping is derived in a generic way, so it could be used for SA, NSA, or both, when needed. However, a note can be added in the grouping table if some bands are applicable only for some specific deployment types.
3 Example frequency bands grouping

Based on the above proposals, an example frequency bands grouping for FR1 can be:

	Group
	NR FDD
	NR TDD

	
	Band group notation
	Operating bands
	Band group notation
	Operating bands

	A
	NR_FDD_FR1_A
	n1, n70
	NR_TDD_FR1_A
	n34, n38, n39, n40, n51

	B
	NR_FDD_FR1_B
	n66
	NR_TDD_FR1_B
	-

	C
	NR_FDD_FR1_C
	-
	NR_TDD_FR1_C
	n771, n78, n79

	D
	NR_FDD_FR1_D
	n28
	NR_TDD_FR1_D
	n772

	E
	NR_FDD_FR1_E
	n2, n5, n7, n41
	NR_TDD_FR1_E
	-

	F
	NR_FDD_FR1_F
	-
	NR_TDD_FR1_F
	-

	G
	NR_FDD_FR1_G
	n3, n8, n12, n20, n71
	NR_TDD_FR1_G
	-

	H
	NR_FDD_FR1_H
	n25
	NR_TDD_FR1_H
	-

	NOTE 1: Except 3.8 GHz to 4.2 GHz.

NOTE 2: Only 3.8 GHz to 4.2 GHz.


An example frequency bands grouping for FR2 can be:

	Group
	NR TDD

	
	Band group notation
	Operating bands

	A
	NR_TDD_FR2_A
	n257, n258, n261

	B
	NR_TDD_FR2_B
	n260


Based on the above principles, a CR with the basic band groping structure is provided in [1].
4 Summary
The following have been observed and proposed in the contribution.

· Proposal 1: Separate band groups for FDD and TDD.

· Proposal 2: Separate band grouping tables for FR1 and FR2 are developed

· For FR1, the band grouping is based on non-CA REFSENS requirements for 2 rx ports, i.e., based on TS 38.101-1, Table 7.3.2-1 (Two antenna port reference sensitivity QPSK PREFSENS)

· For FR2, the band grouping is based on non-CA REFSENS requirements, i.e., based on TS 38.101-2, Table 7.3.2.1-1 (Reference sensitivity for power class 1)

· Proposal 3: For FR2, band grouping is the same for the four power classes, while the specific conditions defined for the FR2 band groups are power-class dependent.
· Proposal 4: For the same SCS, the lowest REFSENS among the supported bandwidths is used to determine the group of the band.
· Proposal 5: REFSENS requirements for 15 kHz can be used as a reference for deriving band groups.

· Proposal 6: Band grouping is valid for all numerologies supported by the respective band, e.g., a band X classified to belong group A would belong to the same group for any numerology in the same FR.

· Proposal 7: The steps size is 0.5 dB for defining groups of bands in FR1.

· Proposal 8: Band grouping is derived in a generic way, so it could be used for SA, NSA, or both, when needed. However, a note can be added in the grouping table if some bands are applicable only for some specific deployment types.

A draft CR is provided in [1], based on the proposals above. A WF is provided in [2].
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6 Annex A: REFSENS requirements for FR1 [TS 38.101-1, Table 7.3.2-1]
	
	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)
	30 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
	-88.9
	
	
	
	
	
	
	FDD

	
	30
	
	-94.1
	-92.1
	-91.0
	-89.8
	-89.0
	
	
	
	
	
	
	

	
	60
	
	-94.5
	-92.4
	-91.2
	-90.0
	-89.1
	
	
	
	
	
	
	

	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
	-91.9
	-90.6
	
	
	
	
	
	TDD

	
	30
	
	-97.1
	-95.1
	-94.0
	-92.8
	-92.0
	-90.7
	
	
	
	
	
	

	
	60
	
	-97.5
	-95.4
	-94.2
	-93.0
	-92.1
	-90.9
	
	
	
	
	
	

	n40
	15
	-100.0
	-96.8
	-95.0
	-93.8
	-92.7
	-91.9
	-90.6
	-89.6
	
	
	
	
	TDD

	
	30
	
	-97.1
	-95.1
	-94.0
	-92.8
	-92.0
	-90.7
	-89.7
	-88.9
	-87.6
	
	
	

	
	60
	
	-97.5
	-95.4
	-94.2
	-93.0
	-92.1
	-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


7 Annex B: REFSENS requirements for FR2 [TS 38.101-2]

Table 7.3.2.1-1: Reference sensitivity for power class 1
	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-97.51
	-94.51
	-91.51
	-88.51

	n258
	-97.51
	-94.51
	-91.51
	-88.51

	n260
	-94.51
	-91.51
	-88.51
	-91.51

	n261
	-97.51
	-94.51
	-91.51
	-88.51


Table 7.3.2.2-1: Reference sensitivity for power class 2

	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-94.5
	-91.5
	-88.5
	-85.5

	n258
	-94.5
	-91.5
	-88.5
	-85.5

	n260
	
	
	
	

	n261
	-94.5
	-91.5
	-88.5
	-85.5


Table 7.3.2.3-1: Reference sensitivity 

	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-88.3
	-85.3
	-82.3
	-79.3

	n258
	-88.3
	-85.3
	-82.3
	-79.3

	n260
	-85.7
	-82.7
	-79.7
	-76.7

	n261
	-88.3
	-85.3
	-82.3
	-79.3


Table 7.3.2.4-1: Reference sensitivity for power class 4
	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-97
	-94
	-91
	-88

	n258
	-97
	-94
	-91
	-88

	n260
	-95
	-92
	-89
	-86

	n261
	-97
	-94
	-91
	-88
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