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According to the WID (as quoted below) of the bandwidth combination set 4 (BCS4), when the UE indicate
	Introduce BCS 4 for SUL, inter-band and intra-band NR-CA, which shall indicate that for the band combination the UE supports all of the possible combinations of bandwidths based on the bandwidths the UE supports for each band as indicated in the UE capabilities and restricted by the notes in Table 5.3.5-1 in 38-101-1, and the maximum bandwidth for the band in the band combination as indicated in the UE capabilities. The BCS table does not need to fill in the channel bandwidths for BCS4 for new band combinations.


According to the LS [1] from RAN4, RAN4 “agreed to introduce BCS4 release independent with no new signalling, and BCS5 with new signalling in Rel-17”. Both BCS4 and BCS5 will define all the possible bandwidth configurations for each band in a band combination. BCS5 is functionally equivalent to BCS4 except no new signalling defined for BCS4. The extra signalling for BCS5 is to indicate the supported bandwidth combination(s) for BCS5. RAN4 provided two solutions for BCS5, and asks RAN2 to design the UE capability bits to “indicate the channel bandwidths supported in each band within band combination only applied for BCS5”. In this contribution, we provide some analysis on the UE capability signalling for BCS5.
Discussion
UE capability bits for BCS5
According to the LS [1], RAN4 discussed the following two solutions for the UE capability bits for BCS5:
	· 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.


According to Table 5.3.5-1 in 38-101-1, the UE indicates the bandwidth which it supports for each band via the UE capability bits (e.g. channelBWs-DL [5, 10, 15, 20, 25, 30, 40, 50, 60, 80] MHz, channelBWs-DL-v1590 [70] MHz, channelBW-90mhz [90] MHz and fr1-100mhz [100] MHz (for IAB) for FR1 DL.). 
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Figure 1: Table 5.3.5-1 in 38-101-1 [3]
For example, when a UE indicates BCS5 for the band combination of CA_n50-n90 as given in Table 5.3.5-1 in 38-101-1, RAN4 does not define a new CA configuration entry as quoted in the following Table 5.5A.3.1-1 in 38-101-1. Instead, the UE provides extra signalling indicating the channel bandwidths supported in each band within CA_n50-n90. For the BCS5 band combination, if the UE does not provide extra signalling indicating the bandwidth supported in FeatureSetUplinkPerCC /FeatureSetDownlinkPerCC in a featureSet entry, this means that in this featureSet entry the UE supports all bandwidths (below the maxBW indicated in supportedBandwidthDL) of the band as listed in Table 5.3.5-1 in 38-101-1.
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Figure 2: Table 5.5A.3.1-1 in 38-101-1 [3]
For Solution 1 with a bitmap indicating the supported bandwidth, the extra capability signalling is added as given below. Each bit represents a bandwidth, and value “1” of the bit indicates the support of the corresponding bandwidth.
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Figure 3: Solution 1
For Solution 2 with a set of [minBW, maxBW] indicating the supported bandwidth, the extra capability signalling is added as given below. In each FeatureSetUplinkPerCC /FeatureSetDownlinkPerCC, the UE uses the [minBW, maxBW] (i.e. [minSupportedBandwidthDL, supportedBandwidthDL]) to indicate its supported bandwidths for this carrier. As the bandwidths supported by the UE could be fragmented into several groups, the UE would need to indicate several sets of [minBW, maxBW], and each set of [minBW, maxBW] is included in a featureSet configuration.
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From our understanding, both solutions are feasible from the perspective of signalling. Compared with Solution 1, Solution 2 would have to indicate more featureSet(s), in order to indicate more than one sets of [minBW, maxBW]. Then lots of fields (e.g. maxNumberMIMO-LayersPDSCH, supportedModulationOrderDL and so on) would be redundant in the featureSet(s). Furthermore, when RAN2 introduces more fields in the featureSet configuration in the future, the redundant signalling will also increase with the addition of the new fields.
Observation 1: Compared with Solution 1, Solution 2 causes the redundant signalling overhead in more than one featureSet(s), when more than one sets of [minBW, maxBW] are indicated for a band.
Observation 2: The redundant signalling overhead of Solution 2 increases when more fields in featureSet are added in the future release.
According to the analysis given above, we consider that Solution 2 saves more signalling overheads, and is more extendable for the future release.
Proposal 1: Solution 1 (i.e. bitmap) in the RAN4 LS R2-2106957_ R4-2108002 is adopted to indicate the channel bandwidths supported in each band within band combination of BCS5.
Proposal 2: A reply LS indicating the RAN2 agreement on BCS5 is sent to RAN4 
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: Compared with Solution 1, Solution 2 causes the redundant signalling overhead in more than one featureSet(s), when more than one sets of [minBW, maxBW] are indicated for a band.
Observation 2: The redundant signalling overhead of Solution 2 increases when more fields in featureSet are added in the future release.
Proposal 1: Solution 1 (i.e. bitmap) in the RAN4 LS R2-2106957_ R4-2108002 is adopted to indicate the channel bandwidths supported in each band within band combination of BCS5.
Proposal 2: A reply LS indicating the RAN2 agreement on BCS5 is sent to RAN4 
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Table 5.3.5-1 Channel bandwidths for each NR band

NR band / SCS / UE Channel bandwidth

NR | SCS |5MHz| 10 15 |20MHz | 25 30 40 50 60 70 80 |90 MHz| 100
Band | kHz MHz | MHz MHz | MHz | MHz | MHz | MHz | MHz | MHz MHz
n50 15 | Yes® | Yes | Yes Yes Yes | Yes | Yes
30 Yes | Yes Yes Yes | Yes | Yes | Yes Yes®
60 Yes | Yes Yes Yes | Yes | Yes | Yes Yes®
n90 15 Yes | Yes Yes Yes | Yes | Yes
30 Yes | Yes Yes Yes | Yes | Yes | Yes Yes Yes Yes
60 Yes | Yes Yes Yes | Yes | Yes | Yes Yes Yes Yes
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Table 5.5A.3.1-1: NR CA configurations and bandwidth combinations sets defined for inter-band
CA (two bands)
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