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Introduction
Recently, there has been a flurry of activity to add new bandwidths to existing bands.  The topic was discussed during RAN4 #92bis and agreements were made on an approach to introduce bandwidths to existing bands [3] as well as options to study “brand new” channel bandwidths [4].  This contribution is a follow-on to [1] and [2] and considers the optionality of bandwidths in [3] as well as the impact to release independence.  Also addressed in this contribution is the signaling aspect and problem as identified in [5].
Discussion
One aspect to be resolved when adding a new bandwidth to an existing band is whether the bandwidth should be mandatory or optional to support from the UE perspective.  Historically, all bandwidths defined for a band have been specified to be mandatory by a UE supporting the band.  The reason is to minimize UE market fragmentation by not allowing different UE’s to support different subsets of the defined bandwidths.  At the same time, it was also prohibited to add new bandwidths to a band once the band had been completed and included in published specifications.  The reason is that once the band is defined, there may be UE’s already designed or in the process of design such that the addition of new bandwidths and their associated requirements would not be supportable.  Prohibiting the addition of new bandwidths and requirements after completion of the specification gives necessary assurance to designers and equipment providers to undertake the designs without risk of requirement change.  
Background
With the introduction of NR, however, it was decided to enable greater flexibility in the specification process by allowing the addition of new bandwidths even after completion of the band.  This flexibility has also introduced a need to allow for optional rather than mandatory support of newly added bandwidths for the sake of legacy UE’s.  The situation under consideration in this contribution is the addition of bandwidths to a legacy band where the bandwidth itself already has general requirements defined, but is being added to a band that did not previously include this bandwidth.  Examples of this include 25, 30, 40, and 50 MHz channels to Band n7 [6], 30 MHz to band n50 [7], and 30 MHz to Band n41 and n90 [8].  For these additions, the new bandwidths were added to Rel-16 specifications without indicating that they are optional; by default, unless indicated channel bandwidths are considered to be mandatory.  These new bandwidths were not added to Rel-15 specifications directly, though there might be some implication from the release independent specification in TS 38.307.  Since these are not new bandwidths, no RAN2 modifications were thought to be needed.  However, a recent issue has been uncovered [5] that will possibly require modification to either specifications from RAN4, RAN2, or both.
Optional in the release of introduction
It was proposed in [1] that new bandwidths should be designated as optional in the release of introduction in order to prevent disruption to UE designs already existing or in development for the band where the new bandwidth is being added.  For example, consider that Band X was already defined in Rel-15 with a set of required channel bandwidths, but a new bandwidth is added to the set in the middle of Rel-16.  UE’s already designed or in the process of being designed would not be aware of the new bandwidth for Band X.  It is clear and already agreed that if the UE is compliant to Rel-15 specifications, then the new bandwidth is optional.  However, if the UE is intended to be compliant to Rel-16 specifications, then denoting the new bandwidth as mandatory places an undue burden on the UE manufacturer.  Even though the bandwidth may be supported in other bands and therefore the baseband support of the bandwidth is available, the RF support of the bandwidth in Band X would not be.  Addition of the new bandwidth requires RF configuration setting, calibration, testing, etc. which would not have been planned for Band X.  The options available would be delay the commercialization of the band to perform the work required to add the new bandwidth, drop support of the band altogether, or revert back to Rel-15 where support of the bandwidth is optional.  None of these options is desirable.  A more pragmatic approach is to allow support of the new bandwidth to be optional in the release of introduction.
Observation:  It has already been agreed that support of new bandwidths to a legacy band are optional in prior releases, mandatory in future releases, but FFS optional or mandatory in the release of introduction.
Proposal 1:  New bandwidth optional in the release of introduction.
Even if optional in the release of introduction, there is another potential problem if the new bandwidth is introduced at the very end of a release.  At the very end of a release, there may only be a short period of time before the next release is available whereupon the bandwidth would become mandatory.  Two options are available here.  For the first option no exception is allowed and the bandwidth becomes mandatory for the UE supporting the next release, no matter if the bandwidth was only added as a requirement to the band in the very recent past.  This places a strict requirement on the UE schedule if it intends to support the next release with a likely outcome that it will be forced to only support the former release.  The second option is to allow some period of time before the new bandwidth becomes mandatory.  It was proposed in [1] that at least six months is allowed before the bandwidth becomes mandatory in spite of the availability of the next release.  Such a rule may be implemented in the specification by creating three tables (or three entries within a single table) to represent legacy, optional, and mandatory channel bandwidth for each band as previously described in [2].  The optional/mandatory status of a channel bandwidth could then be updated not just at every release but at the granularity of each version of the release (i.e., every three months).  It is not recommended that optionality is always applied on a quarterly basis, but only applied this way for bandwidths added at the very end of a release.  The optionality of bandwidths added earlier in the release process should be tied to releases (not versions) to avoid overly complicated bookkeeping.
Proposal 2:  Bandwidths added at the end of a release are allowed six months time into the next release before they become mandatory.  This six month window can be implemented only for those bandwidths added at the end of the release by changing optional to mandatory not only in the release but at the quarterly update of the specification version.
Signaling aspect
Whenever an optional vs. mandatory requirement is introduced to the specification, signaling is required to inform the network of the UE’s behavior.  Since new bandwidths are either optional or mandatory, for example optional in prior releases and mandatory in future releases, there is the need for the UE to signal whether it supports the bandwidth or not when optional and with rules to enforce signaling support of the bandwidth for UE’s conforming to a release where it is mandatory.  The existing signaling approach did not envision this situation where new bandwidths are added possibly being optional or mandatory.  The existing signaling approach assumes all defined bandwidths are mandatory unless signaled otherwise and a bandwidth-by-bandwidth basis per band.  The current enumeration excerpted from 38.331 is shown below
SupportedBandwidth ::=      CHOICE {
    fr1                         ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100},
    fr2                         ENUMERATED {mhz50, mhz100, mhz200, mhz400}
}

However, as described in [5] a legacy UE may not signal anything instead relying on the default condition in the absence of signaling that all bandwidths defined for the band are supported.  Since a new bandwidth may have been added, the UE would not support this but also would not signal that it does not support this new bandwidth since at the time of its development, the UE did support all bandwidths known to it.  One solution to this problem is to define in the specification a categorization of channel bandwidths as either legacy, optional, or mandatory.  Legacy bandwidths are those that are defined when the band is first introduced, optional bandwidths are newly introduced bandwidths that are optional in the current version of the specification (see optional vs. mandatory discussion above), and mandatory bandwidths are those that are mandatory in the current version of the specification.  An hypothetical example is shown below where “Yes” indicates the bandwidth was defined as legacy, “O” is optional, and “M” is mandatory.

Table 5.3.5-1 Channel bandwidths for each NR band
	
	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS
kHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	904 MHz
	100 MHz

	nX
	15
	Yes
	Yes
	Yes
	Opt
	
	
	Mand
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Opt
	
	
	Mand
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Opt
	
	
	Mand
	
	
	
	
	


Table 1.  Example of new bandwidths added to legacy Band X.  The new bandwidths are indicated as either optional ("Opt") or mandatory ("Mand").
Therefore, for each version of the specification, it is known which bandwidths for a given band are legacy, optional, and mandatory.  However, the UE still needs to convey this information to the network.  One proposal is that the default bandwidths are treated as they are today; that is, assumed to be supported unless the UE signals otherwise.  The optional bandwidths are signaled by the UE to indicate whether it supports them or not.  The mandatory bandwidths are also signaled but it is expected that the UE indicates support for those.  If the UE does not signal these optional or mandatory bandwidths, e.g., it is a UE conforming to an earlier release where these new bandwidths had not yet been defined, it is assumed that the UE does not support them.  One possibility is that the signaling is by bitmapping the set of possible bandwidths, but the exact details of the signaling are handled by RAN2.  Another possibility is for the UE to signal which version of the UE specification is conforms to so that the network can then know which bandwidths are legacy, optional, and mandatory, but even then, the UE needs to signal at least among those that are optional which ones it supports.
Impact to release independence
The release independent specification in TS 38.307 allows a UE otherwise conforming to an earlier release to optionally support bands, band combinations, and/or features defined in a later release.  TS 38.307 explains that NR bands are release independent to Rel-15 with requirements according to the release in which the band was introduced.
Table 5.1-1: NR operating bands
	Feature
	Duplex-mode
	Release
independent from
	Requirements to be fulfilled
(see TS 38.307 of the release in which the band was introduced)

	Operating bands
	FDD, TDD, SUL
	Rel-15
	Table B.4.1-1, Table B.4.3-1



However, if new bandwidths are added, the applicable requirements for release independence are unclear.  Consider the following hypothetical example
	Rel-16:  Band introduced with initial channel bandwidths
	Rel-17:  New bandwidth added as optional
	Rel-18:  New bandwidth becomes mandatory
For a Rel-15 UE that intends to support the band in the timeframe during which Rel-18 is published, it is unclear whether only initial channel bandwidth support is needed (Rel-16), whether the new bandwidth can also be supported (Rel-17), or whether the new bandwidth must be supported (Rel-18).  It seems reasonable that since the addition of the new bandwidth has been known for two releases already (Rel-17 and Rel-18), the Rel-15 UE should be mandated to support the bandwidth if it desires to support the band in a release independent manner.  This would require that the “Requirements to be fulfilled” points not to the release in which the band was introduced, but instead to the most current release.  Alternatively, it may be possible to add to the “Operating bands” feature a separate pointer to the current version (say 38.101 v18.x.0) where the legacy, optional, and mandatory bandwidths are enumerated for this UE, rather than to change the pointer for the entire band itself.  This approach is illustrated below
Table B.4.1-1: Common UE RF requirements for a release independent band
	Section / Clause
	Description

	5.2
	Operating bands

	5.3
	UE Channel bandwidth (refers to the current version of TS 38.101-1)

	5.4
	Channel arrangement

	6.2
	Transmitter power

	6.3
	Output power dynamics 

	6.4
	Transmit signal quality

	6.5
	Output RF spectrum emissions

	6.6 of [3]
	Beam correspondence

	7.3
	Reference sensitivity

	7.4
	Maximum input level

	7.5
	Adjacent Channel Selectivity

	7.6
	Blocking characteristics

	7.7 of [2]
	Spurious response

	7.8 of [2]
	Intermodulation characteristics

	7.9
	Spurious emissions



Proposal 3:  For release independence, clarify the UE channel bandwidth requirements to be fulfilled point to the current release of the specification rather than the release in which the band was first introduced.
Impact to carrier aggregation and EN-DC
When new bandwidths are added to a band, they are not expected to be supported in carrier aggregation or DC configurations including that band.  Instead, if needed, the new bandwidths should be added as separate bandwidth combination sets to the configuration.  This would not be part of the new bandwidth basket work item, but should be requested in the appropriate CA basket work item.
For EN-DC, there are no bandwidth combination sets since it is expected that the UE supports all bandwidths required of the cell group; i.e., if there is only one cell in the cell group, then all bandwidths for the band are required, if the cell group consists of CA configuration, then the supported BCS’s for that CA configuration are applicable.  Therefore, the rules regarding mandatory support in the single band are also extended to EN-DC configurations including that band.  Bandwidths that are optional or mandatory in the single band are assumed to be the same in the EN-DC configuration.
Proposal 4:  New bandwidths, if desired, should be added separately in CA basket work items as a new BCS.
Proposal 5:  Whether bandwidth support is optional or mandatory for a band included in an EN-DC configuration is assumed to be the same as whether it is optional or mandatory in a standalone configuration.
Conclusion
With the avalanche of new bandwidth additions to existing bands, it has been suggested to bundle all such proposals into a single basket work item.  In addition, it is proposed in this contribution to establish guidelines on how new bandwidths should be treated with regard to mandatory vs. optional support.  Because the addition of new bandwidths imposes unplanned design and verification effort on the UE manufacturer for a band that has otherwise already been fully defined possibly multiple releases in the past, it is unreasonable to make these new bandwidths mandatory immediately upon introduction.
Proposal 1:  New bandwidth optional in the release of introduction
It has already been agreed that the new bandwidths are optional is prior releases and mandatory in future releases, however, when a new band is introduced at the end of a release a shortened time window to when it becomes mandatory is also problematic.  To address this problem, it is suggested that the window is extended to six months when the bandwidth is introduced at the end of a release.
Proposal 2:  Bandwidths added at the end of a release are allowed six months time into the next release before they become mandatory.  This six month window can be implemented only for those bandwidths added at the end of the release by changing optional to mandatory not only in the release but at the quarterly update of the specification version.
Signaling of new bandwidths has also been identified as an issue with the current RAN2 signaling approach since the absence of signaling implies that all defined bandwidths are supported.  Clearly, when legacy UE’s do not signal itemized bandwidth support, it is not intended that they by default also support all bandwidths defined in the future; rather, they only support a snapshot of bandwidths defined at the time the UE was designed.  To address this problem, it is proposed that channel bandwidths be categorized as legacy (those bandwidths defined and required at the time the band is first defined), optional (new bandwidths optional in the release of introduction), and mandatory (new bandwidths which have become mandatory in the release after introduction and after a six month window).  It is envisioned that the new bandwidths are signaled by the UE and that the absence of signaling indicates that they are not supported to protect legacy UE’s.  
The 38.307 release independence specification may also require slight modification since the requirements for a band may evolve from version-to-version as new bandwidths are added. 
Proposal 3:  For release independence, clarify the UE channel bandwidth requirements to be fulfilled point to the current release of the specification rather than the release in which the band was first introduced.
Finally, for CA and EN-DC the optionality of new bandwidths can be captured as BCS or as indicated in the per-CG standalone capability.
Proposal 4:  New bandwidths, if desired, should be added separately in CA basket work items as a new BCS.
Proposal 5:  Whether bandwidth support is optional or mandatory for a band included in an EN-DC configuration is assumed to be the same as whether it is optional or mandatory in a standalone configuration.
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