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In this contribution we propose to clarify a UE behavior observed in the field on interpretation of BCS and UE BW while reporting UE capabilities.
2	Supported BCS and UE bandwidth capabilities
The bandwidth combination sets defined in RAN4 were originally introduced in LTE Rel-10 to allow UEs to support a variety of bandwidth options to cater for different deployment needs with the same band. The same concept was taken to use in NR, but with some differences as the UE channel BW capabilities are also indicated separately. For example, for the CA_n41A-n66A, BCS0 definition (as shown below) indicates that the channel BW of n66 is up to 40MHz and channel BW of n41 is up to 100 MHz, which means that UE supporting this BCS should support BW capability up to 140MHz in total. 
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Table 2-1: Example of CA41A_n66A

Signaling for supported BCS in UE capabilities
The UE indicates its supported BCSs for each supported band combination in UE capabilities as shown in below excerpt from TS 38.306:

supportedBandwidthCombinationSet
For NR SA and for inter-band EN-DC, the field defines the bandwidth combinations for the NR part of the band combination. For intra-band EN-DC, the field indicates the supported bandwidth combination set applicable to the NR and LTE band combinations. The first (left-most) bit in the bitmap corresponds to the BCS#0 and so on. If the bit is set to 1, the UE supports the corresponding BCS. 
Table 2-2: Description of UE capability BandCombination::supportedBandwidthCombinationSet

As shown by the highlighting, specifications require that UE supports the indicated BCS, and for the particular example of CA_n41A_n66A, UE would have to indicate “1” in the bitmap for BCS0 if it supports the band combination.

Observation 1: For band combinations where only BCS0 is defined, UE always indicates it supports BCS0 if it supports the band combination.

However, the UE also has an additional capability description in FeatureSetDownlinkPerCC::supportedBandwidthDL to indicate the supported BW for a particular band per a band combination configuration, as well as the capabilities for supported channel BWs per band in BandNR::channelBWs-DL,  as shown below (for downlink only in this case):

	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.


Table 2-3: Description of UE capability FeatureSetDownlinkPerCC::supportedBandwidthDL


	channelBWs-DL
Indicates for each subcarrier spacing the UE supported channel bandwidths.
Absence of the channelBWs-DL (without suffix) for a band or absence of specific scs-XXkHz entry for a supported subcarrier spacing means that the UE supports 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 or the specific SCS entry.
For FR1, the bits in channelBWs-DL (without suffix) starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits in channelBWs-DL (without suffix) starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1.
For FR1, the leading/leftmost bit in channelBWs-DL-v1590 indicates 70MHz, and all the remaining bits in channelBWs-DL-v1590 shall be set to 0.

NOTE:	To determine whether the UE supports a specific SCS for a given band, the network validates the supportedSubCarrierSpacingDL and the scs-60kHz.
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.


Table 2-4: Description of UE capability BandNR::channelBWs-DL

In the particular example we raised above, UE must indicate support for BCS0 since it’s the only BCS defined for the band combination. Assume UE chose to report BCS 0 (which is mandatory required to be supported by the UE) but then also simultaneously chose to restrict the supported bandwidth (in FeatureSetDownlinkPerCC) for n66 to 20 MHz only. It was the understanding from us that the UE should not have restricted the support in this way but also support 40 MHz as it is defined for BCS 0 (and UE has indicated support for that). This has also been the RAN4 assumption when defining the BCSs.

Observation 2: There seems to be a potential conflict between the BCS and the supported channel bandwidths indicated by the UE if the UE does not support all the BW in the rows applicable to that BCS.  If a UE indicates support for a BCS for a band combination but not all CH BWs belonging to the BCS how is that to be interpreted by the gNB?
Observation 3: RAN2 has assumed always that all channel BWs in BCS are mandatory to support if UE indicates support for that BCS since all channel bandwidths in Rel-15.0.0 were mandatory. But since the channel bandwidths are mandatory with capability signalling and now some are optional, it seems possible that there is a conflict between the BCS and the channel bandwidths that a UE supports for a given band. 
Furthermore, 40 MHz BW is defined for n66 single-carrier operation in RAN4 specifications (38.101-1, Table 5.3.5-1) so there is no contradiction between single band and CA, as shown below in Table 2-5.
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Table 2-5: 38.101-1, Table 5.3.5-1, entry for band n66

Hence, the specifications seems unclear what exactly it means for a UE to support a particular BCS: In LTE, UE was mandated to support all the bandwidths defined for the BCS, but in NR it appears (given that we see such UEs appearing in the field) that some UEs consider this is not the case. This makes it more difficult for the network to parse the actual deployments of bandwidths since the “support” of BCS may not mean what is defined in RAN4 specifications. If a UE does not support all BWs in a BCS, will a new BCS be defined in RAN4 to accommodate for such use cases?

Observation 4: If the UE cannot support all CH BWs belonging to a certain BCS from 3GPP point of view, then it is unclear how to interpret the disparity between the supported channel bandwidths and the BCS. 
Proposal 1: RAN2 to clarify if a UE indicates support for a BCS defined for a band combination, shall the UE also support all the channel bandwidths for that BCS, and if not how should the discrepancy be interpreted.
3	Example UE capabilities for CA_n41A_n66A
As a concrete example, RAN2 signalling allows other UE capability where UE may limit its supported BW per NR Band. The examples for n41 and n66 UE capabilities from a UE observed in the field below illustrate these:
BandNR capabilities for n41:
[image: ]
BandNR capabilities for n66:
[image: ]

·  In n41, this particular UE supports only 30KHz SCS and channel BWs of 20, 40, 50, 60, 80 MHz
· In n66, this particular UE supports only 15KHz SCS and channel BWs of 5, 10, 15, 20 MHz

The capabilities marked in CYAN seem to override the BCS0 supported ones for both CA and single frequency operation. Therefore, both the BCS definition and the RAN4 requirements seem to be not observed.
One reason could be that as this is UE capability per band and UE may not support more bandwidth when band is in band combination. Also, it may be that UE can support 40MHz in n66 when configured without CA but in CA with n41 its n66 capability drops to 20MHz. This case can be indicated by introduction of new BCS or by setting supportedBandwidthDL within FeatureSetDownlinkPerCC:
[image: ]
In our view this is max BW UE support in this band when used in bandwidth combination that corresponds to the feature set combination.
Observation 5: It seems the channelBWs-UL/DL capability basically overrules the BCS currently since it allows UE to indicate it only supports certain CHBWs for certain SCSs. Similarly, supportedBandwidth in featureSets may preclude certain combinations.
Clearly so, there is a gap between comprehending the RAN4 specification from RAN2 signalling perspective. This probably needs a round of discussion with RAN4. 
Proposal 2: RAN2 to discuss and consider sending LS RAN4 after discussion based on the answers to following questions:
· Question 1: Is it allowed by the 3GPP specification that UE reports BCS0 and then restricts Supported Bandwidth in a given band further to a lower value than what is allowed in BCS0?
· Question 2: Are the UE capabilities channelBWs-UL/DL and supportedBandwidth further allowed to override signalled BCS and to limit applicable BWs provided by supported BCS?
4	Conclusion
Based on the above discussion, RAN2 is requested to first internally discuss the following observations and clarify the behavior according to the proposals. Depending on how the discussion progresses RAN4 may need to be involved.
Observation 1: For band combinations where only BCS0 is defined, UE always indicates it supports BCS0 if it supports the band combination.

Observation 2: There seems to be a potential conflict between the BCS and the supported channel bandwidths indicated by the UE if the UE does not support all the BW in the rows applicable to that BCS.  If a UE indicates support for a BCS for a band combination but not all CH BWs belonging to the BCS how is that to be interpreted by the gNB?
Observation 3: RAN2 has assumed always that all channel BWs in BCS are mandatory to support if UE indicates support for that BCS since all channel bandwidths in Rel-15.0.0 were mandatory. But since the channel bandwidths are mandatory with capability signalling and now some are optional, it seems possible that there is a conflict between the BCS and the channel bandwidths that a UE supports for a given band. 
Observation 4: If the UE cannot support all CH BWs belonging to a certain BCS from 3GPP point of view, then it is unclear how to interpret the disparity between the supported channel bandwidths and the BCS. 
Proposal 1: RAN2 to clarify if a UE indicates support for a BCS defined for a band combination, shall the UE also support all the channel bandwidths for that BCS, and if not how should the discrepancy be interpreted.
Observation 5: It seems the channelBWs-UL/DL capability basically overrules the BCS currently since it allows UE to indicate it only supports certain CHBWs for certain SCSs. Similarly, supportedBandwidth in featureSets may preclude certain combinations.
Proposal 2: RAN2 to discuss and consider sending LS RAN4 after discussion based on the answers to following questions:
· Question 1: Is it allowed by the 3GPP specification that UE reports BCS0 and then restricts Supported Bandwidth in a given band further to a lower value than what is allowed in BCS0?
· Question 2: Are the UE capabilities channelBWs-UL/DL and supportedBandwidth further allowed to override signalled BCS and to limit applicable BWs provided by supported BCS?
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