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1 Background

Together with the agreed WID for the NR Work Item [1], a table of frequency bands for NR is attached, plus a table of LTE-NR band combinations. Proposals for NR band numbering was made in previous meetings [2-4] and based on the discussions, a Way-Forward on band numbering was agreed at RAN4#83 in Hangzhou [5]. This paper takes a pragmatic approach to the topic and presents a draft text proposal for the band numbering. 

2 Discussion

The existing band numbering used for UTRA and E-UTRA was developed and expanded continuously to cover a range of frequency bands for all regions of the world. There is today a total of 54 bands in the 3GPP specifications, of which 38 are paired bands and 16 are unpaired bands. 4 of the paired bands are supplementary downlink (SDL) bands that are restricted to E-UTRA Carrier Aggregation.

The existing E-UTRA band numbers (2017-03 version of the specs) are:

Bands 1-32:

Paired bands (including 2 SDL bands)

Bands 33-48:
Unpaired bands

Bands 65-70:
Paired bands (including 2 SDL bands)

Many of the above bands are also in the UTRA specifications, but then use Roman numerals for the band numbering. For the MSR BS specification, band numbers are fully aligned with the LTE numbers and apply to E-UTRA, UTRA and GSM/EDGE operation.

The agreed way-forward in [5] identifies three study points:

1)
For NR in LTE “refarming” bands, whether to re-use the LTE band numbers for NR.

2)
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.)

3)
How to consider “Duplex mode” for different types of bands
These points are further deliberated below.

2.1 Band numbers for NR in LTE re-farming bands

Two important observations can be made regarding the LTE re-farming bands:

OBSERVATION 1: Band numbers for E-UTRA and UTRA are today common and fully aligned, and they are also used in the MSR BS specification for all existing RATs.

OBSERVATION 2: NR will be implemented in many existing bands and will also be in the MSR specifications, which today uses LTE band numbering.
The two observations point at a conclusion that for legacy bands, the band numbering for NR should be the same as for E-UTRA.

One concern raised at RAN4#83 was that using the same band numbers for NR and LTE in a frequency range could potentially cause an ambiguity which would be difficult to resolve. Here we should look at the way the band number as such is used and whether there would be an implicit assumption of what RAT for a UE to use that could be lost if the same band number is used for multiple RATs:
A. Initial access: When the UE identifies a carrier for initial access, it identifies a synchronization sequence that is RAT specific, so the RAT is known. Any information about frequency band and other conditions is obtained later.

B. Handover: When a UE is set up for handover to another frequency, potentially in another band, it would first be directed to do measurements on that frequency. At that point, the UE would be informed whether the object for measurement is LTE or NR, since the ARFCN are RAT specific (UARFCN, EARFCN, etc.). After successfully performing and reporting the measurement, the RAT would be known at handover also as part of the handover command.
C. Dual Connectivity: When a UE is set up for DC potentially in another band, it would first be directed to do measurements on that band and frequency. At that point, the UE would be informed whether the object for measurement would be LTE or NR, so the situation here is the same as for handover. The signaling structure for the band combinations will also reveal which RAT(s) are involved.
The conclusion is that NR and LTE can have the same band number in a band, without risk of ambiguity.
PROPOSAL 1: Bands for NR that are identical to existing bands should use the same band numbers as E-UTRA.

2.2 Band numbers for NR in LTE re-farming bands

In general, there does not seem to be any real need to introduce a new band numbering scheme for NR. If NR in existing bands can use the same numbering scheme as LTE, NR in new bands could do that as well. Any new band for NR introduced below 6 GHz could fit into existing numbering sequences. 
New bands above 6 GHz could be assigned within existing band number plan. It is expected that new bands in the mmWave range will be unpaired, but this does not exclude new paired bands being defined as well.
Several proposals for how to select band numbers for new NR bands were given at RAN4#83:

· Assign all new NR bands in a new range (e.g. starting at 101 or 129)

· Assign new NR band below 6 GHz together as extension of existing band range, while bands above 6 GHz are in a new higher range (e.g. starting at 97)

· Assign separate number ranges for paired (FDD) and unpaired (TDD) bands
There are many possible criteria to use for dividing the bands nitro groups. They all have the disadvantage of giving a fragmentation of the available range of band numbers, without providing any real advantage from a practical point-of-view. With NR added as a new RAT, new frequency ranges and possibly new duplex schemes being introduced, it is really not possible to use any of those criteria for grouping band numbers without ending in a very complex and fragmented scheme.
A simpler and more pragmatic approach would be to assign band numbers on a “first come first served” basis and not use any criteria for grouping

PROPOSAL 2: New bands for NR (and LTE) should be assigned band numbers on a “first come first served” basis, regardless of frequency range (below or above 6 Ghz), duplex mode or RAT (LTE, NR, etc.).

3 Duplex mode
In LTE, the unpaired bands can be used for TDD and the paired bands for FDD. Clearly, the same is also possible for NR. There are however more “flexible” duplex options being discussed in 3GPP and we should keep the possibility open that additional duplex modes may be added later. At this point in time however, we should identify TDD and FDD duplex modes to the unpaired and paired bands respectively.
PROPOSAL 3: For both re-farming LTE bands and new bands for NR, the duplex mode should be assigned as TDD for unpaired bands and FDD for paired bands. Additional duplex options can be added later.

4 Proposal

This paper discussed and presented some initial proposals for band numbering. The following is proposed:

PROPOSAL 1: Bands for NR that are identical to existing bands should use the same band numbers as E-UTRA.

PROPOSAL 2: New bands for NR (and LTE) should be assigned band numbers on a “first come first served” basis, regardless of frequency range (below or above 6 Ghz), duplex mode or RAT (LTE, NR, etc.).

PROPOSAL 3: For both re-farming LTE bands and new bands for NR, the duplex mode should be assigned as TDD for unpaired bands and FDD for paired bands. Additional duplex options can be added later.

An example text proposal is provided in the Annex.
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ANNEX: Example Text proposal for TS 38.104

The channel numbering tables presented below should be a part of both TS 38.101 and TS 38.104. The clause number presented is based on the TS 38-104 skeleton in [3]. Only the NR operating band part of the subclause is shown here and the bands should be seen as examples, based on some of the bands included in the WID [1]. 

NOTE: The actual frequency ranges and band numbering for the example new bands may become different than indicated below.

4.4
Operating bands, supported bandwidths and numerologies
4.4.1
NR operating bands and band combinations

NR is designed to operate in the operating bands defined in Table 4.4.1-1.
Table 4.4-1 NR operating bands below 6 GHz
	5G-RAN 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
	

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

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

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

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

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

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

	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD

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

	[71]
	3300 MHz
	–
	4200 MHz
	3300 MHz 
	–
	4200 MHz
	TDD

	[72]
	….
	
	
	…
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