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1. Introduction
RAN2 has discussed the signaling of channel bandwidth in broadcast information in previous meetings. In this paper we discuss the signaling design needed to ensure forward compatibility.
RAN4 sent an LS to RAN2 related to this topic [5].
2. Discussion
RAN4 Background and NR Channel Bandwidths
RAN4 reached the following agreements related to channel bandwidths and forward compatibility of NR design [1]:
Background:

· Addition of new maximum channel bandwidths in a backwards compatible way should be allowed in a future release
· Legacy UEs should still be able to operate in a channel with the newly introduced bandwidth
· The gNB may configure a new CHBW that is not supported by legacy UEs but these UEs can still operate in this channel 
· Handling of the gNB configured CHBW with CA by the UE that does not support this CHBW needs to be supported in the specifications for forward compatibility
· RAN1 already agreed this [R1-1706615]
· gNBs will have to handle UEs that support the largest gNB configurable CHBW with CA such that legacy UEs can operate their entire aggregated bandwidth despite having limited CHBW
· All CHBW to be supported by UE shall be defined in the spec
· Support of which CHBW is mandatory is FFS 
Agreements:

· Addition of new maximum channel bandwidths is allowed in future releases
· NR design should ensure forward compatibility, send LS to RAN1/2 to inform about this agreement
· Addition of new UE channel bandwdiths that are not larger than previously defined maximum in the band is FFS. 
· UE is allowed to aggregate channel bandwidths to operate within a gNB configurable CHBW that is higher than the maximum bandwidth supported by the UE
· For example, a 400MHz UE that does not support 400MHz channel bandwidth can support 2x200MHz or 4x100MHz even if the gNB could configure 400MHz channel bandwidth
· Each CC bandwidth is from the set of channel bandwidths defined for that band
· UE should indicate to gNB its bandwidth capability and how it supports this bandwidth (e.g. what CA combination)
· Signaling details are FFS
· Which aggregated channel bandwidth combinations are allowed is FFS, BS complexity should be considered
In order to allow the addition of new channel bandwidths in the future, NR has to enable UEs to operate without knowing the gNB channel bandwidth. Addition of UE channel bandwidths that are not larger than previously define maximum for the band was FFS, however, it is implicitly by the current design. Since the UE RF requirements in terms of emissions are tighter for narrower channel bandwidths compared to wider channel bandwidths, a UE can be configured to operate in a wider gNB channel bandwidth without failing any regulatory requirements (based on the wider channel) or degrading system performance. RAN4 gNB(38.104) specifications already define some channel bandwidths that are not defined in the UE specifications (38.101-1) like 70MHz in n77/78. In this case the UEs would have to operate with a configured channel BW of 60MHz or less. 
Furthermore, the BS RF specifications [2] state the following in Section 5.3:
“The BS channel bandwidth supports a single NR RF carrier in the uplink or downlink at the Base Station. Different UE channel bandwidths may be supported within the same spectrum for transmitting to and receiving from UEs connected to the BS. The placement of the UE channel bandwidth is flexible but can only be completely within the BS channel bandwidth. The BS shall be able to transmit to and/or receive from one or more UE Bandwidth parts that are smaller than or equal to the number of carrier resource blocks on the RF carrier, in any part of the carrier resource blocks.”
For UEs to be able to operate in a regulatory compliant way, a UE channel bandwidth has to be configured and is has to be from the set of channel bandwidths defined for the band in which the UE is operating. The UE has to know which RF requirements it has to meet and these requirements are based on the configured channel bandwidth. Even for different BWPs, RAN4 agreed that the RF requirements apply based on the configured channel bandwidth.
For initial system acquisition, all UEs should operate in a bandwidth that contains the initial access information (SSB, RMSI, etc). RAN4 reached some agreements in terms of minimum bandwidth support in RAN4#85 and communicated the agreements to RAN1 in [3]. To support forward compatibility, the UE could access the system in such bandwidth (which can be configured anywhere within the gNB channel bandwidth) and would be further configured with a dedicated channel bandwidth based on its capabilities. 
Signalling Design
In the current RRC signaling the following operational bandwidths can be configured.
	Message
	RRC field
	Note

	MIB
	pdcch-ConfigSIB1
	Bandwidth of RMSI

	SIB1
	locationAndBandwidth
	Bandwidth of the initial BWP

	
	scs-SpecificCarrierList
(in FrequencyInfoDL-SIB of DownlinkConfigCommonSIB)
	Carrier bandwidth per SCS

	Dedicated signaling
	scs-SpecificCarrierList

(in FrequencyInfoDL of DownlinkConfigCommon)
	Carrier bandwidth per SCS


Table-1:
RRC Signalling for operational bandwidths

scs-SpecificCarrierList is assumed to be a cell specific parameter which is provided in the “common” configuration. This means that the content of scs-SpecificCarrierList is supposed to be consistent between SIB1 and dedicated signaling. This however goes against the principle mentioned in the previous section that different UEs may be configured with different channel bandwidths within the entire BS channel bandwidth. The UE even does not have to be aware of the cell channel bandwidth. Instead, the UE should just be configured with channel bandwidths on which the UE operates.
This essentially means that the cell specific carrier bandwidth parameter in scs-SpecificCarrierList signaled by dedicated signaling (used in case of handover) has no use, and we need to add UE specific channel bandwidth configuration as part of dedicated configuration in ServingCellConfig.
Proposal 1:
To specify that the UE in connected mode shall disregard the carrier bandwidth field signalled in scs-SpecificCarrierList.
Proposal 2:
To add UE specific filed configuring channel bandwidth per subcarrier spacing in ServingCellConfig. 
Corresponding text proposal is provided in the annex.
Inter-operability / compatibility
RAN2 briefly discussed the issue of inter-operability between the network and the UE potentially supporting different channel bandwidths, and left the following open issue for further discussion
· Discuss in RAN2#103 how camping in cells where the cell bandwidth is not supported by the UE should be handled
During the initial access the UE capability for the channel bandwidth is not known to the network. There must be some mechanism where the network signals the supported channel bandwidths via the system information and the UE determines the compatibility with its capability. As already summarized in table-1, the system information provides the information on operational bandwidths. scs-SpecificCarrierList can signal only one set of channel bandwidth per SCS, while the network may configure different channel bandwidth depending on the UE capability in connected mode.
We propose a simple approach without any change to the current signaling where the UE checks the information on the operational channel bandwidths signaling in MIB and SIB1 and considers the cell is accessible when the UE supports those signaled channel bandwidths. This would mean that the carrier bandwidths in scs-SpecificCarrierList provides the minimum common set of channel bandwidth per SCS that is support by both the network and the UE for inter-operability, while the network can still choose to use a different channel bandwidth based on the UE capability information later.
Proposal 3:
To specify that the UE considers the cell is accessible if the UE supports the bandwidths signaled by:
· pdcch-ConfigSIB1 in MIB

· locationAndBandwidth in SIB1

· scs-SpecificCarrierList in SIB1
3. Conclusion
In this document we discussed issues with the current signaling of channel bandwidth in broadcast information. We proposed a signaling design to ensure forward compatibility.

Proposal 1:
To specify that the UE in connected mode shall disregard the carrier bandwidth field signalled in scs-SpecificCarrierList.
Proposal 2:
To add UE specific filed configuring channel bandwidth per subcarrier spacing in ServingCellConfig. 
Proposal 3:
To specify that the UE considers the cell is accessible if the UE supports the bandwidths signaled by:

· pdcch-ConfigSIB1 in MIB

· locationAndBandwidth in SIB1

· scs-SpecificCarrierList in SIB1
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–
CarrierBandwidth
The CarrierBandwidth IE determines the carrier bandwidth in number of PRBs (using the subcarrierSpacing defined for this carrier).

CarrierBandwidth information element

-- ASN1START

-- TAG-CARRIER-BANDWIDTH-START

CarrierBandwidth ::= 



INTEGER (1..maxNrofPhysicalResourceBlocks)
-- TAG-CARRIER-BANDWIDTH-STOP

-- ASN1STOP

–
SCS-SpecificCarrier
The IE SCS-SpecificCarrier provides parameters determining the location and width of the actual carrier. It is defined specifically for a numerology (subcarrier spacing (SCS)) and in relation (frequency offset) to Point A.

-- ASN1START

-- TAG-SCS-SPECIFIC-CARRIER-START

SCS-SpecificCarrier ::=



SEQUENCE {


offsetToCarrier





INTEGER (0..2199),


subcarrierSpacing




SubcarrierSpacing,


carrierBandwidth




CarrierBandwidth,


...,


[[


txDirectCurrentLocation


INTEGER (0..4095) 









OPTIONAL


-- Need S


]]

}

-- TAG-SCS-SPECIFIC-CARRIER-STOP 

-- ASN1STOP

	SCS-SpecificCarrier field descriptions

	carrierBandwidth
Width of this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier) Corresponds to L1 parameter 'BW' (see 38.211, section FFS_Section). The UE shall disregard this field in connected mode.

	offsetToCarrier
Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier). The maximum value corresponds to 275*8-1. Corresponds to L1 parameter 'offset-pointA-low-scs' (see 38.211, section FFS_Section)

	txDirectCurrentLocation
Indicates the downlink Tx Direct Current location for the carrier. A value in the range 0..3299 indicates the subcarrier index within the carrier. The values in the value range 3301..4095 are reserved and ignored by the UE. If this field is absent, the UE assumes the default value of 3300 (i.e. "Outside the carrier").

	subcarrierSpacing
Subcarrier spacing of this carrier. It is used to convert the offsetToCarrier into an actual frequency. Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are applicable. The network configures all SCSs of configured BWPs configured in this serving cell.Corresponds to L1 parameter 'ref-scs' (see 38.211, section FFS_Section)


	Conditional Presence
	Explanation

	OnePerServCell
	This field must be present for exactly one SCS-SpecificCarrier of a serving cell. 


–
ServingCellConfig
The ServingCellConfig IE is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts).

ServingCellConfig information element

-- ASN1START

-- TAG-SERVING-CELL-CONFIG-START

ServingCellConfig ::=



SEQUENCE {


tdd-UL-DL-ConfigurationDedicated
TDD-UL-DL-ConfigDedicated











OPTIONAL,
-- Cond TDD


initialDownlinkBWP




BWP-DownlinkDedicated












OPTIONAL,
-- Cond ServCellAdd


downlinkBWP-ToReleaseList


SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id







OPTIONAL,
-- Need N


downlinkBWP-ToAddModList


SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink





OPTIONAL, 
-- Need N


firstActiveDownlinkBWP-Id


BWP-Id
















OPTIONAL,
-- Cond SyncAndCellAdd


bwp-InactivityTimer




ENUMERATED {ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, 














ms40,ms50, ms60, ms80,ms100, ms200,ms300, ms500, 














ms750, ms1280, ms1920, ms2560, spare10, spare9, spare8, 














spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
OPTIONAL,
--Need R



defaultDownlinkBWP-Id



BWP-Id
















OPTIONAL, 
-- Need S


uplinkConfig





UplinkConfig














OPTIONAL,
-- Need M


supplementaryUplink




UplinkConfig 














OPTIONAL, 
-- Need M


pdcch-ServingCellConfig



SetupRelease { PDCCH-ServingCellConfig }







OPTIONAL,
-- Need M


pdsch-ServingCellConfig



SetupRelease { PDSCH-ServingCellConfig }







OPTIONAL,
-- Need M


csi-MeasConfig





SetupRelease { CSI-MeasConfig }










OPTIONAL,
-- Need M


sCellDeactivationTimer



ENUMERATED {ms20, ms40, ms80, ms160, ms200, ms240, 














ms320, ms400, ms480, ms520, ms640, ms720, 














ms840, ms1280, spare2,spare1}




OPTIONAL,
-- Cond ServingCellWithoutPUCCH


crossCarrierSchedulingConfig

CrossCarrierSchedulingConfig










OPTIONAL,
-- Need M


tag-Id







TAG-Id,


ue-BeamLockFunction




ENUMERATED {enabled}












OPTIONAL,
-- Need R


pathlossReferenceLinking


ENUMERATED {pCell, sCell}











OPTIONAL,
-- Cond SCellOnly


servingCellMO





MeasObjectId














OPTIONAL,
-- Cond MeasObject

...,


[[


carrierBandwidthList-DL



SEQUENCE (SIZE (1..maxSCSs)) OF CarrierBandwidth





OPTIONAL
-- Need M

]]
}

UplinkConfig ::=




SEQUENCE {


initialUplinkBWP




BWP-UplinkDedicated













OPTIONAL, 
-- Cond ServCellAdd


uplinkBWP-ToReleaseList



SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id







OPTIONAL,
-- Need N


uplinkBWP-ToAddModList



SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink






OPTIONAL, 
-- Need N


firstActiveUplinkBWP-Id



BWP-Id
















OPTIONAL,
-- Cond SyncAndCellAdd


pusch-ServingCellConfig



SetupRelease { PUSCH-ServingCellConfig }







OPTIONAL,
-- Need M


carrierSwitching




SetupRelease { SRS-CarrierSwitching
}








OPTIONAL,
-- Need M


...,

[[


carrierBandwidthList-UL



SEQUENCE (SIZE (1..maxSCSs)) OF CarrierBandwidth





OPTIONAL
-- Need M


]]
}

-- TAG-SERVING-CELL-CONFIG-STOP

-- ASN1STOP

	ServingCellConfig field descriptions

	bwp-InactivityTimer
The duration in ms after which the UE falls back to the default Bandwidth Part. (see 38.321, section 5.15) The value 0.5 ms is only applicable for carriers >6 GHz. When the network releases the timer configuration, the UE stops the timer without swithching to the default BWP.

	carrierBandwidthList-DL
Width of this carrier in number of PRBs, Corresponds to L1 parameter 'BW' (see 38.211, section FFS_Section). Each entry corresponds to the subcarrierSpacing as listed in the same order in scs-SpecificCarrierList within FrequencyInfoDL.

	carrierBandwidthList-UL
Width of this carrier in number of PRBs, Corresponds to L1 parameter 'BW' (see 38.211, section FFS_Section). Each entry corresponds to the subcarrierSpacing as listed in the same order in scs-SpecificCarrierList within FrequencyInfoUL.

	crossCarrierSchedulingConfig
Indicates whether this SCell is cross-carrier scheduled by another serving cell.

	defaultDownlinkBWP-Id
Corresponds to L1 parameter 'default-DL-BWP'. The initial bandwidth part is referred to by BWP-Id = 0. ID of the downlink bandwidth part to be used upon expiry of txxx. This field is UE specific. When the field is absent the UE uses the the initial BWP as default BWP. (see 38.211, 38.213, section 12 and 38.321, section 5.15)

	downlinkBWP-ToAddModList
List of additional downlink bandwidth parts to be added or modified. (see 38.211, 38.213, section 12).

	downlinkBWP-ToReleaseList
List of additional downlink bandwidth parts to be released. (see 38.211, 38.213, section 12).

	firstActiveDownlinkBWP-Id
If configured for an SpCell, this field contains the ID of the DL BWP to be activated upon performing the reconfiguration in which it is received. If the field is absent, the RRC reconfiguration does not impose a BWP switch (corresponds to L1 parameter 'active-BWP-DL-Pcell'). 

If configured for an SCell, this field contains the ID of the downlink bandwidth part to be used upon MAC-activation of an  SCell. The initial bandwidth part is referred to by BWP-Id = 0.

	initialDownlinkBWP
The dedicated (UE-specific) configuration for the initial downlink bandwidth-part.

	pathlossReferenceLinking
Indicates whether UE shall apply as pathloss reference either the downlink of PCell or of SCell that corresponds with this uplink (see 38.213, section 7)

	pdsch-ServingCellConfig
PDSCH releated parameters that are not BWP-specific.

	sCellDeactivationTimer
SCell deactivation timer in TS 38.321 [3]. If the field is absent, the UE applies the value infinity.

	servingCellMO

measObjectIdof the MeasObjectNR in MeasConfigwhich is associated to the serving cell. For this MeasObjectNR, the following relationship applies between this MeasObjectNR and frequencyInfoDL in ServingCellConfigCommon of the serving cell: if ssbFrequency is configured, its value is the same aslike the absoluteFrequencySSB and if csi-rs-ResourceConfigMobility is configured, the value of its subcarrierSpacing is present in one entry of the scs-SpecificCarrierList, csi-RS-CellList-Mobility includes an entry corresponding to the serving cell (with cellId equal to physCellId in ServingCellConfigCommon) and the frequency range indicated by the csi-rs-MeasurementBW of the entry in csi-RS-CellList-Mobility is included in the frequency range indicated by in the entry of the scs-SpecificCarrierList.   

	tag-Id
Timing Advance Group ID, as specified in TS 38.321 [3],  which this cell belongs to.

	ue-BeamLockFunction
Enables the "UE beam lock function (UBF)", which disable changes to the UE beamforming configuration when in NR_RRC_CONNECTED. FFS: Parameter added preliminary based on RAN4 LS in R4-1711823. Decide where to place it (maybe ServingCellConfigCommon or in a BeamManagement IE??)


	UplinkConfig field descriptions

	carrierSwitching
Includes parameters for configuration of carrier based SRS switching Corresponds to L1 parameter 'SRS-CarrierSwitching' (see 38,214, section FFS_Section)

	firstActiveUplinkBWP-Id
If configured for an SpCell, this field contains the ID of the UL BWP to be activated upon performing the reconfiguration in which it is received. If the field is absent, the RRC reconfiguration does not impose a BWP switch (corresponds to L1 parameter 'active-BWP-UL-Pcell'). 

If configured for an SCell, this field contains the ID of the uplink bandwidth part to be used upon MAC-activation of an  SCell. The initial bandwidth part is referred to by BandiwdthPartId = 0.

	initialUplinkBWP
The dedicated (UE-specific) configuration for the initial uplink bandwidth-part.

	pusch-ServingCellConfig
PUSCH related parameters that are not BWP-specific.

	supplementaryUplink

The field is optionally present if supplementaryUplinkConfig is configured in ServingCellConfigCommon and absent otherwise.

	uplinkBWP-ToReleaseList
The additional bandwidth parts for uplink. In case of TDD uplink- and downlink BWP with the same bandwidthPartId are considered as a BWP pair and must have the same center frequency.

	uplinkConfig

The field is optionally present if uplinkConfigCommon is configured in ServingCellConfigCommon, and absent otherwise.


	Conditional Presence
	Explanation

	MeasObject
	This field is mandatory present for the SpCell, it is optionally present, Need R, for SCells.

	SCellOnly
	This field is optionally present, Need R, for SCells. It is absent otherwise. 

	ServCellAdd
	This field is mandatory present upon serving cell addition (for PSCell and SCell). It is optionally present, Need M otherwise.

	ServingCellWithoutPUCCH
	This field is optionally present, Need S, for SCells except PUCCH SCells. It is absent otherwise.

	SyncAndCellAdd
	This field is mandatory present, Need N, for a SpCell upon reconfigurationWithSync (PCell handover, PSCelladdition/change). The field is mandatory present, Need M, for an SCellupon addition. In all other cases the field is absent.

	TDD
	This field is optionally present, Need R, for TDD cells. It is absent otherwise.
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