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1. Introduction

An LS [1] on NR CA capability for BCS5 was received from RAN4, where RAN2 is request to analysis on the signalling to support BCS5 which is being discussed in RAN4.
In this contribution, we intend to provide some initial considerations on RAN2 signalling impacts due to BCS5.
2. Discussion
In current capability signaling framework, the UE reports the supported channel bandwidth bitmap (channelBWs-DL

/ channelBWs-UL) in band level and maximum supported bandwidth(suportedBandwidthDL/UL) in FSPC level except for some special bandwidth like 90MHz in FR1 and 400MHz in FR2. The supported channel bandwidth bitmap in band level is not downward-compatible, i.e., support of wider channel bandwidth doesn’t imply support of a narrow channel bandwidth and each supported channel bandwidth has to be reported explicitly. While the maximum supported bandwidth in FSPC level is downward-compatible, and the UE is assumed to support bandwidths lower than maximum supported bandwidth in FSPC level from feature set point of view. This is because the reported maximum supported bandwidth in FSPC level is not the actual supported channel bandwidth, instead, it is more about the processing capability supported by the UE in the reported BC and the UE can even indicate a supportedBandwidthDL not included in the RAN4 table[Table 5.3.5-1 of TS 38.101-1[2]/TS 38.101-2[3]] as below:
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The UE can also report the channel bandwidths combinations in CA operation by referring a BCSs defined in RAN4 spec. The network is required to validate channel bandwidth bitmap in band level, maximum channel bandwidth in FSPC level, BCS in BC level to deduce the supported channel bandwidth combination in CA operation.
Observation 1: supportedBandwidthDL in FSPC level is not actual RF channel bandwidths supported by the UE, it represents the maximum processing bandwidth capability in the BC for this carrier.
Observation 2: supported RF channel bandwidths are reported in band level in the way that the UE needs to list all the channel bandwidths supported by the UE.

Observation 3: supported BCSs are reported in BC level to indicate the RF channel bandwidths combinations in CA operation by referring BCS tables defined in RAN4 spec.
BCS4 is being discussed in RAN4 to allow the UE to indicate that the UE supports all the possible bandwidth configurations for each band in a band combination without requiring a pre-defined table in RAN4 for the possible channel bandwidths which is required by other existing BCSs. BCS4 will not require new signalling and can be reported by current BCS IEs. BCS5 is used to indicate that the UE can support all the possible bandwidth configurations for each band in a band combination with some restriction and these restrictions can be reported in new signalling.  There are two options discussed in RAN4 for the possible signalling on these restrictions as below for BC5:


For solution1, the BCS is changed from BC level to FSPC level and explicit RF channel bandwidths are listed per CC, and this implies all the cross carrier RF channel bandwidth combinations resulted by the CC combination and bitmaps combination are supported by the UE. The signaling load for this options needs to be considered since it is needed to add a bitmap in each CC for BC. This would bring Ncc*(bitmap length) bits additional consumption comparing with BCS report in current signaling for a particular BC, where Ncc is the total number of carriers in the BC.
Observation 4: solution1 brings Ncc* (bitmap length) bits additional consumption comparing with BCS report in current signalling for a particular BC, where Ncc is the total number of carriers in the BC.
Solution 2 reduces the signaling consumption with the cost of flexibility reduction and the UE can only indicate the minimum channel bandwidth for each CC. However, it should be noticed that the maximum channel bandwidth per CC is the maximum processing capability rather than actual RF channel bandwidth for this CC as discussed above, however, the newly introduced minimum channel bandwidth is the minimum RF channel bandwidth supported by the UE. It therefore somehow mixes the processing capability and channel RF bandwidth capability concepts in this solution. 
Observation 5: solution 2 mixes the processing capability and channel RF bandwidth capability concepts in FSPC level. 
Furthermore, from backward compatibility point of view, if it was agreed to introduce new signaling for BCS5, the bandwidth constraint introduced by the new signaling should not be applied to BCS0-BCS3. For example, if the new signaling indicate minimum supported channel bandwidth is 20MHz for a CC in a BC, while the BCS0 indicates support of 10MHz in this CC, the UE would still need to support 20MHz for this CC in the bandwidth combination for BC0. In summary, it seems both solutions have drawbacks from RAN2’s point of view and we would suggest the RAN4 to reconsider the motivations and solutions for BCS5
Proposal 1: reply to RAN4 to reconsider the motivations and solutions for BCS5.
3. Conclusions
In this contribution, we have provided an initial RAN2 impact analysis due to BCS5 and the following observations and proposal have been made serving as foundation of further RAN2 discussions. 
Observation 1: supportedBandwidthDL in FSPC level is not actual RF channel bandwidths supported by the UE, it represents the maximum processing bandwidth capability in the BC for this carrier.

Observation 2: supported RF channel bandwidths are reported in band level in the way that the UE needs to list all the channel bandwidths supported by the UE.

Observation 3: supported BCSs are reported in BC level to indicate the RF channel bandwidths combinations in CA operation by referring BCS tables defined in RAN4 spec.
Observation 4: solution1 brings Ncc* (bitmap length) bits additional consumption comparing with BCS report in current signalling for a particular BC, where Ncc is the total number of carriers in the BC.

Observation 5: solution 2 mixes the processing capability and channel RF bandwidth capability concepts in FSPC level. 
Proposal 1: reply to RAN4 to reconsider the motivations and solutions for BCS5.
4. Reference
[1] R4-2108002 LS on NR CA capability for BCS5 
The signalling to be introduced for BCS5 in Rel-17 would allow for implementations to limit the supporting channel bandwidth in each band within the band combination. This differs from current specifications where the UE can only provide the maximum channel bandwidth per band within a band combination using IE supportedBandwidthUL/supportedBandwidthDL. No change to RAN2 specifications is being requested for BCS4. During the discussions, two alternative solutions on introducing additional signalling only applied for BCS5 were proposed as below. However, there is no consensus on the solutions, RAN4 would like to share with RAN2 for information and the signalling design is up to RAN2.


Solution 1: introduce a new UE signalling in IE FeatureSetUplinkPerCC /FeatureSetDownlinkPerCC (i.e., channelBWs-UL-ca/channelBWs-DL-ca) to allow UE to report the channel bandwidths it supports by bitmap on each CC of the band combination. 


Solution 2: introduce a new UE signalling in IE FeatureSetUplinkPerCC /FeatureSetDownlinkPerCC to allow UE to report the minimum channel bandwidths supporting on each CC for the band combination, then UE can report maximum and minimum channel bandwidth supporting on each CC for the same band combination via multiple feature sets. Note that the signalling for maximum channel bandwidth has been specified as supportedBandwidthUL /supportedBandwidthDL in RAN2 specification.








