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1	Introduction
In this contribution we raise two ambiguities in the signalling of supported channel bandwidths. One is caused by the way the UE is meant to omit the explicit capability signalling for “maximum defined” bandwidths and in case it supports “all” bandwidths. The second surfaces since UEs seem to make omissions of fields and associate different meaning with those.
It is urgent to clarify the intended UE behaviour since all UEs not compliant with that behaviour might fail to be configured with NR.
[bookmark: _Ref178064866]2	Discussion
UEs indicate their supported downlink channel bandwidths primarily using the following information elements:
· BandNR-> channelBWs-DL-v1530
· FeatureSetDownlinkPerCC-> supportedBandwidthDL
· FeatureSetDownlinkPerCC-> channelBW-90mhz

We provide here the ASN.1 and the field descriptions for completeness:
channelBWs-DL-v1530                 CHOICE {
        fr1                                 SEQUENCE {
            scs-15kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-30kHz                           BIT STRING (SIZE (10))                      OPTIONAL,
            scs-60kHz                           BIT STRING (SIZE (10))                      OPTIONAL
        },
        fr2                                 SEQUENCE {
            scs-60kHz                           BIT STRING (SIZE (3))                       OPTIONAL,
            scs-120kHz                          BIT STRING (SIZE (3))                       OPTIONAL
        }
    }                                                                                   OPTIONAL,

	channelBWs-DL
Indicates for each subcarrier spacing whether the UE supports channel bandwidths lower than the maximum channel bandwidth as defined in clause 5.3.5 of TS 38.101-1 [2] and TS 38.101-2 [3]. If this parameter is not included, the UE supports all channel bandwidths. For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1.

NOTE:	To determine whether the UE supports a channel bandwidth of 90 MHz, the network may ignore this capability for and validate instead the channelBW-90mhz and the supportedBandwidthCombinationSet. For serving cells with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet and supportedBandwidthDL.
	Band
	Yes
	No
	No



	supportedBandwidthDL                SupportedBandwidth,
    channelBW-90mhz                     ENUMERATED {supported}                                                  OPTIONAL,

SupportedBandwidth ::=      CHOICE {
    fr1                         ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100},
    fr2                         ENUMERATED {mhz50, mhz100, mhz200, mhz400}
}

	channelBW-90mhz
Indicates whether the UE supports the channel bandwidth of 90 MHz.
	FSPC
	No
	No
	FR1 only

	supportedBandwidthDL
Indicates maximum DL channel bandwidth supported for a given SCS that UE supports within a single CC, which is defined in Table 5.3.5-1 in TS 38.101-1 [2] for FR1 and Table 5.3.5-1 in TS 38.101-2 [3] for FR2.
For FR1, all the bandwidths listed in TS38.101-1 Table 5.3.5-1 for each band shall be mandatory with a single CC unless indicated optional. For FR2, the set of mandatory CBW is 50, 100, 200 MHz. When this field is included in a band combination with a single band entry and a single CC entry (i.e. non-CA band combination), the UE shall indicate the maximum channel bandwidth for the band according to TS 38.101-1 [2] and TS 38.101-2 [3].

NOTE:	To determine whether the UE supports a channel bandwidth of 90 MHz, the network may ignore this capability for and validate instead the channelBW-90mhz and the supportedBandwidthCombinationSet. For serving cells with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet and supportedBandwidthDL.
	FSPC
	CY
	No
	Tbd



2.1	Problem 1: Ambiguous bandwidths when channelBWs-DL-v1530 is absent
The field description of the channelBWs-DL field says “If this parameter is not included, the UE supports all channel bandwidths. For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1”. However, RAN4 did not define all bandwidths for all bands. It seemed obvious to assume that the UE shall support all BWs that RAN4 defined. However, in the meantime RAN4 defined additional bandwidths for previously existing bands. If the network uses the RAN4 tables of a later release than the UE, it will configure a BW which the UE does not support. 
[bookmark: _Ref24033002][bookmark: _Toc24041540]As RAN4 defines new bandwidths for existing bands, the definition of “UE supports all channel bandwidths” becomes ambiguous and results in configuration failures.
This problem could have been avoided easily if the signalling had been kept clean, i.e., if all UEs had always indicated all supported bandwidths irrespective from the release in which RAN4 defined them and irrespective whether they were considered optional or mandatory. 
2.2	Problem 2: Undefined use of scs-XkHz 
The “channelBWs-DL-v1530” structure contains an optional bit string for each SCS (e.g. scs-30kHz). The field description does not specify any special meaning of absence. Some UEs seem to associate absence with “all supported” whereas others seem to associate absence it with “not supported”. The former type of UEs also include these fields but set all bits to 0, apparently, to indicate “not supported”. In the following we show some examples observed very recently:

	channelBWs-DL-v1530 fr2 : 
{
  scs-120kHz '110'B
},

featureSetsDownlinkPerCC {
  FeatureSetDownlinkPerCC {
    supportedSubcarrierSpacingDL kHz120,
    supportedBandwidthDL fr2 : mhz100,
  },
}


scs-60kHz absence 	=> 60 kHz not supported?!
	channelBWs-DL-v1530 fr1 : {
  scs-15kHz '0000000000'B,
  scs-60kHz '0000000000'B
},

featureSetsDownlinkPerCC {
  FeatureSetDownlinkPerCC {
    supportedSubcarrierSpacingDL kHz30,
    supportedBandwidthDL fr1 : mhz100,
    channelBW-90mhz supported,
  }
}

scs-30kHz absent 		=> all (defined) BWs supported?!
scs-15kHz '0000000000'B 	=> SCS=15 not supported?!


Figure 1: UE capability logs with different interpretation of “absence” and values of scs-XXX fields. 
The variant on the right side of Figure 1 seems incorrect given that the bits in the bitmap do not cover all bandwidths and hence there are not sufficiently many bits to indicate “0” (“not supported”). In other words, the data shown on the right may still imply that the UE does support 60kHz SCS with (possibly 90 MHz and) 100 MHz. The field description says “Indicates maximum DL channel bandwidth supported for a given SCS that UE supports”. If the UE omits an SCS-entry it does not indicate support for any of those bandwidths. Since nothing else is specified (unlike for the top level IE) this seems the correct interpretation. 
[bookmark: _Toc24041541]UEs omit individual scs-entries in the channelBWs-DL/UL IE. Some seem to associate absence with “supporting all BWs” whereas others associate it with “no support”.
[bookmark: _Ref24032761][bookmark: _Toc24041542]Some UEs seem to associate an scs-entry of  “'0000000000'B” with “no support” even though it may also mean that only the highest bandwidth is supported. 
[bookmark: _Toc24041543]The issues occurred due to RAN2’s unfavourable signalling design where absence of code points and IEs was meant to imply support for certain functionality. This was neither done correctly nor is it forward compatible. 
2.3	Proposed corrections
Both problems and their sub-problems would be avoided if the UE would explicitly indicate in channelBWs-DL-v1530 all BWs and SCSs that it supports. Therefore our preference would be the following:
[bookmark: _Ref24032487][bookmark: _Toc24041545]Preferably, remove the statement that “If this parameter is not included, the UE supports all channel bandwidths” and thereby require all UEs to indicate in channelBWs-DL-v1530 all BWs and SCSs that they support.
RAN2 should also confirm and possible clarify in the field description how to interpret absence of an scs-entry in the channelBWs-DL-v1530 considering that different UEs seem to use it differently. For the reasons mentioned above we think that absence of an scs-entry should imply “SCS not supported”. This is well aligned with the usual principle that absence in capability signalling means “not supported” and avoids the ambiguity with the highest bandwidth for which (unfortunately) no codepoint was defined (see Observation 3). 
[bookmark: _Ref24033777][bookmark: _Toc24041546]Clarify that absence of an scs-XXkHz entry means that the UE does not support this SCS in this band. 
Furthermore, RAN2 must address the problem raised in Observation 1. Since the NW does not know (and should not care) about the version of the RAN4 specification that the UE is based upon, RAN2 should instead refer to the version before RAN4 added another bandwidth to an existing band. So far there does not seem to be such case between 15.3.0 and 15.7.0 neither for FR1 nor FR2. The only exception is 90 MHz bandwidth which is however anyway not covered by the channelBW fields. 
[bookmark: _Toc24041547]If Proposal 1 is not agreeable, clarify that absence of the channelBWs-DL-v1530 and channelBWs-UL-v1530 means that the UE supports all bandwidths that were defined according to 38.101-1 v15.7.0 and 38.101-2 v15.7.0. 
If RAN4 introduces 100 MHz channel bandwidth for a band where it was initially not supported, the UE cannot use the channelBWs-DL to indicate support for this bandwidth. However, a NW that supports 100 MHz carriers on that band may deduce that the UE supports this bandwidth if it sets “supportedBandwidthDL=100 MHz” in the FeatureSetDownlinkPerCC. 
[bookmark: _Toc24041544]If RAN4 introduces 100 MHz channel bandwidth for a band where it was initially not supported, it may indicate support for this bandwidth by setting “supportedBandwidthDL=100 MHz”. 
We noticed another issue in the formulation of the field description of the channelBW which might result in similar incompatibility issues if interpreted incorrectly: “Indicates for each subcarrier spacing whether the UE supports channel bandwidths lower than the maximum channel bandwidth as defined in clause 5.3.5 of TS 38.101-1 [2] and TS 38.101-2 [3]”. This could be read as if the UE shall not set the bit corresponding to the maximum defined channel BW. In other words, a UE that supports 50 MHz shall set the code-point for 50 MHz no matter whether RAN4 defined it as “maximum” or not. 
[bookmark: _Ref24033686][bookmark: _Toc24041548]Clarify the field description of channelBWs-DL-v1530 and channelBWs-UL-v1530 to ensure that a UE that supports X MHz shall set the code-point for X MHz no matter whether RAN4 defined it as “maximum” or not.

If Proposal 1 and Proposal 4 are agreeable, we propose the following modifications to the specification: 
	channelBWs-DL
Indicates for each subcarrier spacing whether the UE supporteds channel bandwidths lower than the maximum channel bandwidth as defined in clause 5.3.5 of TS 38.101-1 [2] and TS 38.101-2 [3]. If this parameter is not included, the UE supports all channel bandwidths. . Absence of an entire scs-XXkHz entry means that the UE does not support this SCS in this band 
For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1.

NOTE:	To determine whether the UE supports a channel bandwidth of 90 MHz, the network may ignore this capability for and validate instead the channelBW-90mhz and the supportedBandwidthCombinationSet. For serving cells with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet and supportedBandwidthDL.
	Band
	Yes
	No
	No



If only Proposal 2 and Proposal 4 are agreeable, the following changes seem necessary:
	channelBWs-DL
Indicates for each subcarrier spacing whether the UE supporteds channel bandwidths lower than the maximum channel bandwidth as defined in clause 5.3.5 of TS 38.101-1 [2] and TS 38.101-2 [3]. 
If this parameter channelBWs-DL is not included, the UE supports all the channel bandwidths among [5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100] and [50, 100, 200] that were defined in clause 5.3.5 of TS 38.101-1 version 15.7.0 [2] and TS 38.101-2 version 15.7.0 [3] for the given band. 
Absence of an entire scs-XXkHz entry means that the UE does not support this SCS in this band.
For FR1, the bits starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1.

NOTE:	To determine whether the UE supports a channel bandwidth of 90 MHz, the network may ignore this capability for and validate instead the channelBW-90mhz and the supportedBandwidthCombinationSet. For serving cells with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet and supportedBandwidthDL.
	Band
	Yes
	No
	No



2.4 	Learnings
Beyond those corrections, RAN2 should learn a lesson from this (and several preceding) cases and avoid questionable signalling optimizations. From this case RAN2 should specifically adopt the following principle: 
[bookmark: _Toc24041549]Adopt the following guideline to ensure forward compatible signalling: 
a) Avoid signalling “incapabilities”. 
b) The absence of an IE should not indicate better capabilities than its presence. 
c) Absence of a capability parameter shall never be associated with a capability that is not yet defined. 
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	As RAN4 defines new bandwidths for existing bands, the definition of “UE supports all channel bandwidths” becomes ambiguous and results in configuration failures.
Observation 2	UEs omit individual scs-entries in the channelBWs-DL/UL IE. Some seem to associate absence with “supporting all BWs” whereas others associate it with “no support”.
Observation 3	Some UEs seem to associate an scs-entry of  “'0000000000'B” with “no support” even though it may also mean that only the highest bandwidth is supported.
Observation 4	The issues occurred due to RAN2’s unfavourable signalling design where absence of code points and IEs was meant to imply support for certain functionality. This was neither done correctly nor is it forward compatible.
Observation 5	If RAN4 introduces 100 MHz channel bandwidth for a band where it was initially not supported, it may indicate support for this bandwidth by setting “supportedBandwidthDL=100 MHz”.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Preferably, remove the statement that “If this parameter is not included, the UE supports all channel bandwidths” and thereby require all UEs to indicate in channelBWs-DL-v1530 all BWs and SCSs that they support.
Proposal 2	Clarify that absence of an scs-XXkHz entry means that the UE does not support this SCS in this band.
Proposal 3	If Proposal 1 is not agreeable, clarify that absence of the channelBWs-DL-v1530 and channelBWs-UL-v1530 means that the UE supports all bandwidths that were defined according to 38.101-1 v15.7.0 and 38.101-2 v15.7.0.
Proposal 4	Clarify the field description of channelBWs-DL-v1530 and channelBWs-UL-v1530 to ensure that a UE that supports X MHz shall set the code-point for X MHz no matter whether RAN4 defined it as “maximum” or not.
Proposal 5	Adopt the following guideline to ensure forward compatible signalling:  a) Avoid signalling “incapabilities”.  b) The absence of an IE should not indicate better capabilities than its presence.  c) Absence of a capability parameter shall never be associated with a capability that is not yet defined.
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