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1. Introduction
[bookmark: _GoBack]LS on channel raster and SS raster from RAN4 was received at last RAN2 meeting [1]. The channel raster is defined by NR-ARFCN and the sync raster is defined by GSCN. Meanwhile, RAN4 has specified the supported frequency range, the applicable NR-ARFCN and the applicable SS raster per operating band in their specifications [2][3].
In this contribution, we discuss the indication of band information in RAN2.
2. Discussion
In E-UTRA, the frequency ranges allocated for some of the bands may overlap with each other. When an IDLE UE detects a cell, it is unable to determine the band of the cell if the frequency of the cell belongs to more than one overlapped bands. So in E-UTRA, a frequency band indicator (freqBandIndicator) is broadcasted in SIB1 [4]. 
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	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 – 894 MHz
	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
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Table 1. NR operating bands in FR1
Similar as E-UTRA, in NR, there are also bands with overlapped frequency ranges, e.g. n20 and n28 as illustrated in Table 1. So, a similar frequency band indicator should also be introduced in SIB1 to indicate the operating band of the cell.
Proposal 1: A frequency band indicator should be introduced in SIB1 to indicate the operating band of the cell.
In E-UTRA, although some of the bands may overlap with each other, however, the EARFCN values are uniquely allocated for each bands. In other words, the EARFCN values allocated for one band will never overlap with another band. Given that, when configure a cell for a CONNECTED UE in E-UTRA, e.g. configure the target PCell during handover, add the PSCell for the SCG or add a SCell for CA, the EARFCN is used to uniquely identify the operating frequency and operating band of the cell. 
	Frequency range [MHz]
	ΔFGlobal [kHz]
	FREF-Offs [MHz]
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279167


Table 2. NR-ARFCN parameters for the global frequency raster
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 2700 MHz
	N * 900kHz + M * [5 kHz] 
N=1:3000, M=-1:1
	3N + M - 1
	1 – 8999

	2400 – 24250 MHz
	2400 MHz + N * 1.44 MHz 
N= 0:15173
	9000 + N
	9000 – 24173

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz 
N= 0:4383
	24174+ N
	24174– 28557


Table 3. GSCN parameters for the global frequency raster
	NR Operating Band
	ΔFRaster 
[kHz] 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n1
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n2
	100
	370000 – <20> – 382000
	386000 – <20> – 398000

	n3
	100
	342000 – <20> – 357000
	361000 – <20> – 376000

	n5
	100
	164800 – <20> – 169800
	173800 – <20> – 178800

	n7
	100
	500000 – <20> – 514000
	524000 – <20> – 538000

	n8
	100
	176000 – <20> – 183000
	185000 – <20> – 192000

	n20
	100
	166400 – <20> – 172400
	158200 – <20> – 164200

	n28
	100
	140600 – <20> – 149600
	151600 – <20> – 160600
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Table 4. Applicable NR-ARFCN per operating band in FR1

	NR Operating Band
	SS  Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n1
	15 kHz
	Case A
	7039 – <1> – 7224

	n2
	15 kHz
	Case A
	6439 – <1> – 6624

	n3
	15 kHz
	Case A
	6022 – <1> – 6258

	n5
	15 kHz
	Case A
	2902 – <1> – 2973

	
	30 kHz
	Case B
	2911 – <1> – 2964

	n7
	15 kHz
	Case A
	[8740 – <1> – 8958]

	n8
	15 kHz
	Case A
	3091 – <1> – 3192

	n20
	15 kHz
	Case A
	2644 – <1> – 2727

	n28
	15 kHz
	Case A
	2533 – <1> – 2667

	…
	…
	…
	…


Table 5. Applicable SS raster entries per operating band (FR1)
[bookmark: OLE_LINK2]However in NR, the NR-ARFCN values for channel raster numbers and the GSCN values for sync raster numbers are defined as global [2][3], illustrated in Table 2 and Table 3 respectively. In this way, for the same particular frequency positions, the corresponding NR-ARFCN values are always the same no matter which band they belong to. For instance, as illustrated in Table 4, the NR-ARFCN values allocated for the overlapping band n20 and n28 are overlapped too. The same occurs for the GSCN (illustrated in Table 5). In other words, the operating band of a cell can’t be determined from the NR-ARFCN or GSCN in case of band overlapping.
Observation 1: In NR, the NR-ARFCN values for the same frequency positions are always the same no matter which band they belong to.
Observation 2: In NR, the GSCN values for the same frequency positions are always the same no matter which band they belong to.
Observation 3: The operating band of a cell can’t be determined from the NR-ARFCN or GSCN in case of band overlapping.
[bookmark: OLE_LINK3]In the current 38.331[5], when configure a cell for a CONNECTED UE, e.g. configure the PSCell and SCell on SCG, only the DL frequency is indicated, for instance the GSCN of the SSB in current 38.331. However, given the above analysis, the UE can’t distinguish the exact operating band from the NR-ARFCN or GSCN only in the case of band overlapping. So a frequency band indicator should also be introduced when configuring the DL frequency of a cell in the CONNECTED state, e.g. in FrequencyInfoDL.
Proposal 2: A frequency band indicator should be introduced when configuring the DL frequency of a cell in the CONNECTED state, e.g. in FrequencyInfoDL.
In E-UTRA, if a cell supports the operating of multiple bands, a multi-band information list (multiBandInfoList) and an additional frequency band indicator priority (freqBandIndicatorPriority) are introduced in SIB1 to conduct the UE to select an operating band according to UE capability. With the absence of freqBandIndicatorPriority, if the UE supports the frequency band in the freqBandIndicator field it shall apply that frequency band. Otherwise, the UE shall apply the first listed band which it supports in the multiBandInfoList field. If the the freqBandIndicatorPriority is present, the UE shall prioritize the frequency bands in the multiBandInfoList field in decreasing priority order. Only if the UE does not support any of the frequency band in multiBandInfoList, the UE shall use the value in freqBandIndicator field. 
Considering that there are also overlapped freqeuncy bands in NR, so there can also be cells supports the operating of multiple bands. To conduct the operating band selection behavior for the IDLE/INACTIVE UE, the similar parameters like multi-band information list (e.g. multiBandInfoList) and frequency band indicator priority (e.g. freqBandIndicatorPriority) should be introduced in SIB1 too.
Proposal 3: The E-UTRA similar parameters like multi-band information list (e.g. multiBandInfoList) and frequency band indicator priority (e.g. freqBandIndicatorPriority) should be introduced in NR SIB1.
3. Conclusion and proposals
In this contribution, we discuss the indication of band information in RAN2 with the following observations and proposals:
Observations:
Observation 1: In NR, the NR-ARFCN values for the same frequency positions are always the same no matter which band they belongs to.
Observation 2: In NR, the GSCN values for the same frequency positions are always the same no matter which band they belongs to.
Observation 3: The operating band of a cell can’t be determined from the NR-ARFCN or GSCN in case of band overlapping.

Proposals:
Proposal 1: A frequency band indicator should be introduced in SIB1 to indicate the operating band of the cell.
Proposal 2: A frequency band indicator should be introduced when configuring the DL frequency of a cell in the CONNECTED state, e.g. in FrequencyInfoDL.
Proposal 3: The E-UTRA similar parameters like multi-band information list (e.g. multiBandInfoList) and frequency band indicator priority (e.g. freqBandIndicatorPriority) should be introduced in NR SIB1.
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