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1. Introduction

In RAN2#101 meeting, some agreements about multiple frequency band indication issue are reached.

Agreements:

1
FreqInfoDL includes a list of frequency bands and when used in dedicated signalling it will only contain one entry. When used in SIB1 it may contain more than one entry.

2
FreqInfoUL includes a list of frequency band and when used in dedicated signalling it will only contain one entry. When used in SIB1 it may contain more than one entry. (Use for the SUL case)

3
For SIB1 case, the UE applies the first band in the list that it supports

In this paper, we aim to analyse the operation scenarios for multiple band operation in NR and our further consideration based on the operation scenarios for multiple band operation in NR.
2. Discussion

2.1 The scenarios for the MFBI operation
In LTE, the frequency ranges for some of the bands may overlap with each other, e.g. band 38 and band 41, the frequency range of band 41 contains the whole frequency range of band 38. If the cell operates in band 38, only the UE support band 38 can access the cell, even if the UE support the band 41. So the multiple band frequency indicator (MFBI) is introduced in SIB1 and the UE supports the band 41 can also access the cell support the band 38 in this case.
Overlapping bands for each E-UTRA band is captured in 36.307. Multiple overlapping operating bands may be indicated in the fields freqBandIndicator and multiBandInfoList of SIB1 in order to assist a UE derive the DL EARFCN and UL EARFCN in a multi-band environment. The related text is copied from TS36.307 [1].

The overlapping bands, independent of release, which may be indicated in a cell are shown in Table A-1 for applicable E-UTRA bands. The DL EARFCN and UL EARFCN are derived according to TS 36.101 Rel-14 [2].

Table A-1: Overlapping bands (multi-band environments) for each E-UTRA band

	E-UTRA Operating Band
	Overlapping E-UTRA operating bands
	Duplex Mode

	2
	25
	FDD

	3
	9
	FDD

	4
	10
	FDD

	5
	18, 19, 26
	FDD

	9
	3
	FDD

	10
	4
	FDD

	12
	17
	FDD

	17
	12
	FDD

	18
	5, 26, 27
	FDD

	19
	5, 26
	FDD

	25
	2
	FDD

	26
	5, 18, 19, 27
	FDD

	27
	18, 26
	FDD

	33
	39
	TDD

	38
	41
	TDD

	39
	33
	TDD

	41
	38
	TDD


In LTE, e.g. band 12 and band 17, any band of the two bands can be operating band and another band is overlapping operating band. Another example, e.g. operating band is band 18, and the overlapping operating band is band 5, band 26 and band 27.
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Figure 1: example for the band overlapping in LTE

Base on the two examples, the operating band and overlapping operating band can be part overlap or one is whole contained in another one.

In NR, NR operating bands in FR1 is copied from 38.101 [2]. We can see the frequency ranges for some of the bands may overlap with each other in NR, e.g. band 66 contained the whole frequency range of band 1, and the band 2 and band 70 is part overlapping. So it is reasonable to support both of whole frequency range contained case and part overlapping case for MFBI operation in NR.

Proposal 1: support both of whole frequency range contained case and part overlapping case for MFBI operation in NR.

	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

	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

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 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


In LTE, the bandwidth of one cell is configurable and the maximum of the bandwidth is 20MHz. The whole bandwidth is visible for the UE and the UE RF capability is designed to support all the bandwidths that the system supports. In MFBI operation, the bands in multiBandInfoList should support the whole frequency range occupied by the bandwidth of the cell.

In NR, the bandwidth of the wideband carrier is increased and the maximal bandwidth of the wideband carrier is 100MHz for the below 6GHz operation, even 400MHz for mmWave operation. 
In RAN WG1 #AH_NR3 meeting, RAN1 agreed that Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier and a cell is associated with a single SS block from UE perspective.

	Agreements:

· From UE perspective, a cell is associated with a single SS block

· Note: The cell defining SS block has an associated RMSI

· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 

· Common PRB indexing

· Scrambling

· Etc.

· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier


The whole bandwidth of the wideband carrier is not visible to the UE; the UE can only see a part of the wideband carrier which is associated with a cell-defining SSB. At the same time, RAN1/4 has agreed that the UE will report the UE capability about the maximal bandwidth supported by the UE. 

For the overlapping band operation in NR, there are two cases considering the special characters of NR in figure 2.
Case 1: the wideband carrier is whole contained in the overlap part of the operating band and overlapping operating band.
Case 2: the wideband carrier is part of the overlap part of the operating band and overlapping operating band.
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Figure 1: the scenarios of the band overlapping operation in NR
The case 1 will be obviously supported in NR due to LTE already support it. 
There are several cell-defining SSBs in the wideband carrier. The UE will associate with a single cell-defining SSB at a time and the Idle/inactive UE will monitors system information and paging information in the initial DL BWP which is configured in the RMSI. So if the initial DL BWP is within the overlap part of band 1 and band 2, then the UE can access the network. When the UE goes in to RRC_CONNECTED state, the network will know the UE capability of the bandwidth and band information supported by the UE, then the network will scheduling the UE according the band supported by the UE. We propose to support case 2 in order to improve the chance of MFBI operation for one UE.

Proposal 2: the case 1 and case 2 are supported in NR, namely, the wideband carrier can be a part of the overlap band part or is contained in the overlap band part.
Proposal 3: send LS to RAN4 to confirm the proposal 1 and proposal 2.
2.2 MFBI operation for inter-Freq measurement for cell reselection
In LTE, the InterFreqCarrierFreqInfo which contains the dl-CarrierFreq as measurement object is configured in the SIB5 for inter-frequency measurement configuration for cell reselection. The multiBandInfoList is configured to indicate the list of frequency bands in addition to the band represented by dl-CarrierFreq for which cell reselection parameters are common. 
The MFBI operation can be supported in cell reselection in LTE and the UE can reselect to the cell whose operation band is not supported by the UE but the overlapping band with the operation band is supported by the UE.
In NR, the NR-ARFCN values for the same particular frequency positions are always the same no matter which band they belong to. So RAN2 agreed that the SIB1 will include a list of frequency bands and one frequency band in dedicated signalling in last meeting.

So the only dl-CarrierFreq in the InterFreqCarrierFreqInfo for inter-frequency measurement for cell reselection is not enough, at least the band indicator for the operation band should be included in the InterFreqCarrierFreqInfo. In order to support the MFBI operation in the inter-frequency cell reselection, a list of frequency bands should be included in the InterFreqCarrierFreqInfo.
InterFreqCarrierFreqInfo ::=
 SEQUENCE {


dl-CarrierFreq





ARFCN-ValueNR,

useServingCellTimingForSync

BOOLEAN,

nrofSS-BlocksToAverage


INTEGER (2..maxNrofSS-BlocksToAverage)

OPTIONAL,

absThreshSS-BlocksConsolidation
ThresholdNR








OPTIONAL,

q-RxLevMin






Q-RxLevMin,

q-QualMin






Q-QualMin,

p-Max







P-Max
 





OPTIONAL,

-- Need N

t-ReselectionNR




T-Reselection,


threshX-HighP





ReselectionThreshold,


threshX-LowP





ReselectionThreshold,


threshX-HighQ





ReselectionThresholdQ


OPTIONAL,


threshX-LowQ





ReselectionThresholdQ


OPTIONAL,

cellReselectionPriority


CellReselectionPriority

OPTIONAL,

-- Need N

q-OffsetFreq





Q-OffsetRange




DEFAULT dB0,


interFreqNeighCellList


InterFreqNeighCellList

OPTIONAL, 

-- Need N

interFreqBlackCellList


InterFreqBlackCellList

OPTIONAL, 

-- Need N


...

}

Proposal 4: a list of frequency bands should be included in the InterFreqCarrierFreqInfo in SIB4 in NR.
3. Conclusions:

In this contribution, we analyse the operation scenarios for multiple band operation in NR and our further consideration based on the operation scenarios for multiple band operation in NR. We propose:

Proposal 1: support both of whole frequency range contained case and part overlapping case for MFBI operation in NR.

Proposal 2: the case 1 and case 2 are supported in NR, namely, the wideband carrier can be a part of the overlap band part or is contained in the overlap band part.
Proposal 3: send LS to RAN4 to confirm the proposal 1 and proposal 2.

Proposal 4: a list of frequency bands should be included in the InterFreqCarrierFreqInfo in SIB4 in NR.
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