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1 Introduction
During RAN4#83 meeting, some inputs on band numbering were proposed [1-2]. A WF on NR band numbering was approved in [3] as follows.

· For NR in LTE “refarming” bands, whether to re-use the LTE band numbers for NR.
· For new NR bands, consider different alternative options:
(a) To put new NR bands above 6 GHz in a new separate numbering range within existing signaling capability.
(b) To group new NR bands below 6 GHz with the LTE bands, resulting in separate band numbering ranges for below 6 GHz and above 6 GHz bands.
(c) To assign unused numbers to all new bands on a “first come first served” basis, regardless of frequency range, duplex mode or RAT (LTE, NR, etc.)
· How to consider “Duplex mode” for different types of bands
In this proposal, we provide our considerations on NR band numbering.
2 Discussion
2.1
UTRA/E-UTRA refarming bands
The existing frequency bands for UTRA and E-UTRA are defined with a total of 54 bands covering all regions of the world in TS 25.101/25.104 and TS 36.101/36.104 [4-7]. Currently, the total signaling support frequency band number is 256. There are 38 paired bands used as FDD duplex mode, 4 of which are supplementary downlink operating bands (SDL) paired with the uplink operating bands (external) when E-UTRA carrier aggregation is configured. And 16 unpaired bands are used as TDD duplex mode in the current specification. 
· Bands 1-32:

Paired bands (including 2 SDL bands)
· Bands 33-48:

Unpaired bands
· Bands 65-70:

Paired bands (including 2 SDL bands)
Furthermore, some ongoing new WIs on LTE bands have been allocated some new band numbers as follows [8].
· Band 49: LAA/eLAA for the CBRS 3.5GHz band in the United States
· Band 50: TDD operating band in the L-band for LTE (1432 – 1517 MHz)
· Band 51: TDD operating band in the L-band for LTE (1427 – 1432 MHz)
· Band 71: US 600 MHz Band for LTE
· Band 72: 450MHz E-UTRA FDD Band for LTE PPDR and PMR/PAMR in Europe
· Band 73: 450 MHz Band for LTE in Region 3
· Band 74: FDD operating band in the L-band for LTE
· Band 75: LTE Extended 1.5 GHz SDL band (1432 – 1517 MHz)
· Band 76: LTE Extended 1.5 GHz SDL band (1427 – 1432 MHz)
From signaling perspective, frequency band is used in many procedures, in which the procedure of measurement is one of the most important procedures. When measurement object is configured for UE according to different RAT type, each of the configured measurement objects is a single frequency with a separate measurement object ID. The UE maintains a single measurement object list. The measurement object list includes measurement objects, that are specified per RAT type, possibly including intra-frequency object(s) (i.e. the object(s) corresponding to the serving frequency(ies)), inter-frequency object(s) and inter-RAT objects. In RAN2 specification TS 36.331, the different measurement objects such as MeasObjectEUTRA, MeasObjectUTRA, MeasObjectGERAN, etc. are defined respectively as shown in Fig.1. When legacy LTE frequency bands are refarmed with NR, it is benefit to reuse the original band numbers so as to save the band number resource. 
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Fig.1  Measurement objects of different RATs[image: image4.jpg]
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Observation 1: From signaling perspective, different measurement objects are defined for different RATs respectively in LTE specifications. There is no confusion with LTE refarming bands when different measurement objects are configured in NR.
The carrier frequency (carrierFreq) used in the E-UTRA measurement object is designated by the E-UTRAN Absolute Radio Frequency Channel Number (EARFCN). The channel raster of E-UTRA is set to 100 kHz for all bands and the value of EARFCN is calculated as follows:
FDL = FDL_low + 0.1(NDL – NOffs-DL),

where FDL_low and NOffs-DL are given in table 5.7.3-1 of TS 36.104 and NDL is the downlink EARFCN.
FUL = FUL_low + 0.1(NUL – NOffs-UL),
where FUL_low and NOffs-UL are given in table 5.7.3-1 of TS 36.104 and NUL is the uplink EARFCN[7].
In UTRA, the channel raster is 200 kHz for all bands and the carrier frequency configured in the UTRA measurement object is designated by the UTRA Absolute Radio Frequency Channel Number (UARFCN). For each operating band, the UARFCN values are defined as follows:
Uplink:

NU = 5 * (FUL - FUL_Offset),
for the carrier frequency range FUL_low FUL  FUL_high
Downlink:
ND = 5 * (FDL - FDL_Offset),
for the carrier frequency range FDL_low FDL  FDL_high,
where FUL_Offset, FUL_low FUL_high, FDL_Offset,, FDL_lowand FDL_high are defined in Table 5.1 of TS25.104 for the general UARFCN[5].
In NR, the channel raster is still under discussion. For sub 6GHz in LTE bands, there are two options to be selected from 100kHz and 180kHz. When using an ARFCN-like definition in NR, say to be NR-ARFCN, it can be expected that its value will be different from the value of EARFCN or UARFCN. However, since NR-ARFCN will be applied separately as a new RAT type, the difference in ARFCN values does not affect the definition of NR-measurement object. Also, considering that 720kHz is currently regarded as the working assumption of channel raster for above 24GHz NR bands, the formula of NR-ARFCN calculation may be different in sub-6GHz bands and above-24GHz bands. Whether using the same NR-measurement object or not for sub-6GHz and above-24GHz will depend on RAN2 decision.
Observation 2: If the carrier frequency in NR is also represented by an ARFCN-like definition, the NR-ARFCN may have different value as EARFCN or UARFCN in (E-)UTRA refarming bands. However, there will be no confusion due to the measurement objects in different RATs.
Proposal 1: For NR sub-6GHz in LTE refarming bands, the E-UTRA band numbers are suggested to be reused for the purpose of simplicity and saving the band number resource.

When using LTE refarming bands in NR, how to distinguish the NR and LTE bands should be taken into consideration. In TS 36.101, inter-band CA and inter-band dual connectivity bands are shown in Table 5.5A-2/2a/2b/2c and Table 5.5C-1/2, in which the band numbers are expressed as Arabic numerals for LTE bands [6]. Since LTE-NR DC combinations will be specified in Rel-15 NR, we should avoid the confusion of band identification between the NR and LTE in such cases. Take UTRA band as an example, the band number of UTRA is denoted as a Roman numeral, thus the LTE refarming band in NR can be denoted as an Arabic numeral adding an NR identifier, e.g., 1NR. 
Proposal 2: For NR sub-6GHz in LTE refarming bands, in order to distinguish the NR and LTE bands the band number can be denoted as an Arabic numeral by adding an NR identifier, e.g., 1NR.
Table 1 Reuse UTRA/E-UTRA refarming bands in NR

	E‑UTRA Band number
	UTRA Band number
	NR Band number
	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
	

	1
	I
	1 NR
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	3
	III
	3 NR
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	7
	VII
	7 NR
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	VIII
	8 NR
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	20
	XX
	20 NR
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	28
	-
	28 NR
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	41
	-
	41 NR
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD

	66
	-
	66 NR
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	FDD 

	70
	-
	70 NR
	1695 MHz 
	–
	1710 MHz 
	1995 MHz 
	–
	2020 MHz 
	FDD

	71
	-
	71 NR
	663 MHz
	–
	698 MHz 
	617 MHz
	–
	652 MHz
	FDD


2.2
New NR band numbering
Regarding to the new NR band numbering, there are three alternative options proposed at RAN4#83 meeting.
(a) To put new NR bands above 6 GHz in a new separate numbering range within existing signaling capability.
(b) To group new NR bands below 6 GHz with the LTE bands, resulting in separate band numbering ranges for below 6 GHz and above 6 GHz bands.
(c) To assign unused numbers to all new bands on a “first come first served” basis, regardless of frequency range, duplex mode or RAT (LTE, NR, etc.)
Fig.2 illustrates the current allocation of frequency bands. There are 13 TDD bands from 52 to 64 left unused for TDD. Only20 bands below 96 are currently used by E-UTRA FDD, although there is no additional restriction to FDD bands. 
For new NR band numbering, there are two groups to be considered, i.e., frequency bands below 6GHz and above 6GHz. 
· New bands below 6GHz
· Group together with (E-)UTRA bands in lower numbering range.
· In upper numbering range allocated for NR.
· (i) Start from Band 97

· (ii) Start from Band 129

· All bands on a “first come first served” basis.
· New bands below 6GHz

· In upper numbering range allocated for NR.

· (i) Start from Band 97 (together with <6GHz bands)

· (ii) Start from Band 129 (together with <6GHz bands)

· (iii) Start from Band 193 (separate from <6GHz bands)

· All bands on a “first come first served” basis.


[image: image1]
Fig.1  Frequency bands allocation in current specification
In the following Table 2, we compare the pros and cons of the above mentioned options for new NR band numbering. Here we focus on the analysis of whether the frequency band of less than 6GHz and the frequency band above 6GHz are numbered separately, whether the NR band number and the E-UTRA band number are distinguished, and whether the band number is fragmented.
Table 2  Comparison of new band numbering options for below and above 6GHz frequency
	
	Numbering options
	Pros
	Cons

	New bands (<6GHz)
	Group with (E-)UTRA bands in lower numbering range
	
	· Separate band numbering ranges for NR below 6GHz and above 6GHz bands.
· Cannot distinguish new NR bands from E-UTRA bands.

	
	In higher numbering range allocated for NR
	Start from 97
	· Can distinguish new NR bands (<6GHz) from E-UTRA bands.
	· Only 20 new E-UTRA FDD bands left for extension.

	
	
	Start from 129
	· Can distinguish new NR bands (<6GHz) from E-UTRA bands.

· 52 new E-UTRA bands left for extension. (13 additional bands for TDD)
	

	
	All bands “first come first served”
	· No fragment of numbering. High efficiency in band number using.
	· Cannot distinguish new bands below 6GHz from above 6GHz.

· Cannot distinguish new NR bands from E-UTRA bands.

	New bands (>6GHz)
	In higher numbering range allocated for NR
	Start from 97
	
	· Only 20 new E-UTRA FDD bands left for extension.
· Cannot distinguish new NR bands below 6GHz from above 6GHz.

	
	
	Start from 129
	· No fragment of numbering in higher ranges (>129).
	· Cannot distinguish new NR bands below 6GHz from above 6GHz.

	
	
	Start from 193
	· Can distinguish new NR bands below 6GHz from above 6GHz.
	

	
	All bands “first come first served”
	· No fragment of numbering. High efficiency in band number using.
	· Cannot distinguish new bands below 6GHz from above 6GHz.

· Cannot distinguish new NR bands from E-UTRA bands.


Observation 3: For new NR band numbering, there are two groups to be considered, i.e., frequency bands below 6GHz and above 6GHz. Whether the frequency band of less than 6GHz and the frequency band above 6GHz are numbered separately, whether the NR band number and the E-UTRA band number are distinguished, and whether the band number is fragmented should be considered.
Proposal 3: For new NR band below 6GHz, it is suggested to allocate a new separate numbering range starting from Band 129NR. For new NR band above 6GHz, it is suggested to allocate a new separate numbering range starting from Band 193NR. The allocation of band numbering in Fig.2 is suggested to be approved.

[image: image2]Fig.2  The allocation of band numbering
2.3
Duplex mode of new bands
Regarding to the issue of duplex mode of new bands, some discussions were raised during RAN4#83 meeting. In [10], the NR new WID states that duplexing identified in TR 38.802 [11] should be supported by paired and unpaired spectrum. NR supports paired and unpaired spectrum, allowing FDD operation on a paired spectrum, different transmission directions in either part of a paired spectrum, TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changed, and TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. In current NR WID, no duplex flexibility is included. With that, to keep consistence with the description of the duplex mode in (E-)UTRA, it is recommended that the duplex column should be kept in NR.
Proposal 4: It is suggested to keep “Duplex Mode” for different types of bands, including (E-)UTRA refarming bands, new NR bands with frequency range below 6GHz and above 6GHz.

3 Conclusion

In this paper, we provide our considerations on NR band numbering for (E-)UTRA refarming bands, new NR bands below 6GHz and above 6GHz. The current allocation of frequency bands in specification has been provided. Based on the analysis of different options on band numbering, we have the following observations and proposals.
Observation 1: From signaling perspective, different measurement objects are defined for different RATs respectively in LTE specifications. There is no confusion with LTE refarming bands when different measurement objects are configured in NR.
Observation 2: If the carrier frequency in NR is also represented by an ARFCN-like definition, the NR-ARFCN may have different value as EARFCN or UARFCN in (E-)UTRA refarming bands. However, there will be no confusion due to the measurement objects in different RATs.

Proposal 1: For NR sub-6GHz in LTE refarming bands, the E-UTRA band numbers are suggested to be reused for the purpose of simplicity and saving the band number resource.

Proposal 2: For NR sub-6GHz in LTE refarming bands, in order to distinguish the NR and LTE bands the band number can be denoted as an Arabic numeral by adding an NR identifier, e.g., 1NR.
Observation 3: For new NR band numbering, there are two groups to be considered, i.e., frequency bands below 6GHz and above 6GHz. Whether the frequency band of less than 6GHz and the frequency band above 6GHz are numbered separately, whether the NR band number and the E-UTRA band number are distinguished, and whether the band number is fragmented should be considered.
Proposal 3: For new NR band below 6GHz, it is suggested to allocate a new separate numbering range starting from Band 129NR. For new NR band above 6GHz, it is suggested to allocate a new separate numbering range starting from Band 193NR. The allocation of band numbering in Fig.2 is suggested to be approved.

Proposal 4: It is suggested to keep “Duplex Mode” for different types of bands, including (E-)UTRA refarming bands, new NR bands with frequency range below 6GHz and above 6GHz.
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