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Introduction
In the last meeting, we discussed about the BCS (Bandwidth Combination Set) of a fallback band combination, and in this paper we will provide further analysis about this issue.
Discussion
In the current specification TS 38.306, the definition of fallback is as follows:
Fallback band combination: A Uu band combination that would result from another Uu band combination by releasing at least one SCell or uplink configuration of SCell, or SCG. A PC5 band combination that would result from another PC5 band combination by releasing at least one sidelink carrier. An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination.
Fallback per band feature set: A feature set per band that has same or lower capabilities than the reported capabilities from the reported feature set per band for a given band.
Fallback per CC feature set: A feature set per CC that has lower capabilities of UE supported MIMO layers and BW while keeping the numerology and other parameters the same from the reported feature set per CC for a given carrier per band.
As can be seen from the definitions above, fallback BC (band combination) comes from releasing of SCell or uplink configuration releasing of SCell or SCG. Generally, UE is required to support at least the same channel bandwidths for each band in a fallback BC as the parent BC, we don’t intend to break this principle.
Observation 1: UE is required to support at least the same channel bandwidths for each band in a fallback BC as the parent BC.
However, if the UE can support more channel bandwidths for a band in a fallback BC compared with that of the parent BC, how to signal such capability to the network is what we intend to discuss.
For a given BC, the supported channel bandwidths of each band are specified by the BCS according to TS 38.101 [1]. The channel bandwidths regarding the same BCS between the parent BC and the fallback BC may be different. For example:
BC n3A-n78C, BCS 0 represents the channel bandwidth for n78 is {50,60,80,100} for 30kHz/60kHz SCS;
BC n3A-n78A, BCS 0 represents the channel bandwidth for n78 is {10,15,20,40,50,60,80,90,100}MHz for 30kHz/60kHz SCS.
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There is another example proposed by Ericsson in [2] that channel bandwidths of the fallback BC are less than the parent BC for the same BCS. For example:
BC n2A-n78(2A), BCS 0 represents the channel bandwidth for n78 is {10,20,25,30,40,50,60,80,90,100}MHz;
BC n78(2A), BCS 0 represents the channel bandwidth for n78 is {10,20,40,50,60,80,90,100}MHz.
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Observation 2: The supported channel bandwidths corresponding to the same BCS may be different for a specific band between the fallback BC and the parent BC.
According to current TS 38.306, in order to determine the channel bandwidths of a band, the network should validate the BCS signalled for the corresponding BC. 
	supportedBandwidthDL
Indicates maximum DL channel bandwidth supported for a given SCS that UE supports within a single CC (and in case of intra-frequency DAPS handover for the source and target cells), 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 and validate instead the channelBW-90mhz and the supportedBandwidthCombinationSet. For serving cell(s) with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet, the supportedBandwidthCombinationSetIntraENDC, the asymmetricBandwidthCombinationSet (for a band supporting asymmetric channel bandwidth as defined in clause 5.3.6 of TS 38.101-1 [2]) and supportedBandwidthDL.
	FSPC
	CY
	N/A
	N/A



	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 IAB-MT, to determine whether the IAB-MT supports a channel bandwidth of 100 MHz, the network checks channelBW-DL-IAB-r16.
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 IAB-MT the third / rightmost bit (for 200MHz) is ignored. To determine whether the IAB-MT supports a channel bandwidth of 200 MHz, the network checks channelBW-DL-IAB-r16.
For FR1, the leading/leftmost bit in channelBWs-DL-v1590 indicates 70MHz, the second leftmost bit indicates 45MHz, the third leftmost bit indicates 35MHz 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 and validate instead the channelBW-90mhz and the supportedBandwidthCombinationSet. For serving cell(s) with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet, the supportedBandwidthCombinationSetIntraENDC, the asymmetricBandwidthCombinationSet (for a band supporting asymmetric channel bandwidth as defined in clause 5.3.6 of TS 38.101-1 [2]) and supportedBandwidthDL.
	Band
	Yes
	N/A
	N/A



So for a fallback BC, there are two interpretations for its channel bandwidths regarding BCS:
· Interpretation 1: the channel bandwidths of a fallback BC are determined by the BCS(s) of the fallback BC as specified in the TS 38.101, in which the BCS is supported for the parent BC
· Interpretation 2: the channel bandwidths of a fallback BC are determined by the channel bandwidths of the parent BC according to the BCS explicitly signalled of the parent BC
Based on the above two different interpretations, if the UE can support more channel bandwidths for a band in a fallback BC compared with that of the parent BC, how to signal such capability to the network is different and analysed as below.
Table 1 Analysis of signalling for Interpretation 1 & 2
	
	Interpretation 1
	Interpretation 2
	Examples

	BWs for BCS#ID of fallback BC are more than that of parent BC, e.g. 
BCS#0 of parent BC: {A,B} MHz
BCS#0 of fallback BC: {A,B,C} MHz
	UE signals support of BCS#0 for the parent BC, and does not need to explicitly signal the fallback BC.
The NW checks BCS#0 for the parent BC and the fallback BC separately.
	UE signals support of BCS#0 for the parent BC, and needs to explicitly signal support of BCS#0 for the fallback BC.
The NW checks BCS#0 for the parent BC and the fallback BC separately.
	Parent BC:
n3A-n78C (DL)
Fallback BC:
n3A-n78A (DL)

	BWs for BCS#ID of fallback BC are less than that of parent BC, e.g. 
BCS#0 of parent BC: {A,B,C} MHz
BCS#0 of fallback BC: {A,B} MHz
BCS#1 of fallback BC: {A,B,C} MHz
	UE signals support of BCS#0 for the parent BC, and needs to explicitly signal support of BCS#0 and BCS#1 for the fallback BC.
The NW checks BCS#0 for the parent BC and BCS#0 & BCS#1 for the fallback BC separately.
	UE signals support of BCS#0 for the parent BC, and does not need to explicitly signal the fallback BC.
The NW checks BCS#0 for the parent BC, and consider the BWs apply to the parent BC and the fallback BC.
	Parent BC:
n2A-n78(2A) (DL)
Fallback BC:
n78(2A) (DL)



We try to compare these two interpretations from the perspective of their pros/cons and specification impacts.
Table 2 Pros and cons for Interpretation 1 & 2
	
	Pros
	Cons

	Interpretation 1
	1) Lower signalling overhead. The fallback BC usually supports more channel bandwidth values for the same BCS than the parent BC, especially for BCS#0, which is the most common case for now.
2) Easy to implement. UE just needs to compare BCS between the parent BC and fallback BC, and explicitly signals the fallback BC if only the BCS is different, i.e. the supported BCS of the fallback BC is not defined/signalled for the parent BC, or the BCS of the parent BC is not defined for the fallback BC.
	1) Risk of NBC problem. If a BCS signalled by the parent BC (e.g. BCS#1) is not supported by the fallback BC (e.g. an early version UE), then the gNB will misunderstand UE supports the BCS for the fallback BC. 2) Higher requirements for UE capability. UE has to support the channel bandwidths corresponding to the BCS supported by any of the parent BCs, if defined.

	Interpretation 2
	1) No NBC problem. UE anyway supports the same channel bandwidths for each band in a fallback BC as the parent BC.
	1) Unnecessary signalling overhead. UE has to report a fallback BC with the same capability (e.g. BCS), if the fallback BC supports more channel bandwidths than the parent BC for the same BCS.
2) Possible reduced system performance. The network cannot configure some channel bandwidths that UE could have supported, if UE doesn’t signal the fallback BC explicitly with more channel bandwidths.
2) Hard to implement. UE has to compare all of the channel bandwidths defined in 38.101 for a BCS between the fallback BC and the parent BC, to determine whether signalling the fallback BC explicitly.


Based on the analysis above, interpretation 2 is indeed a safer way to avoid the risk of NBC problem, because the UE anyway supports the channel bandwidths of the parent BCs. However, there are some issues to be clarified before reaching a conclusion. First, there is a potential reduced system performance for interpretation 2. On one hand, if there is any UE implementing based on interpretation 1 while the network implementing based on interpretation 2, then the network cannot configure some of the channel bandwidths the UE supports for the fallback BC. On the other hand, though the UE is aligned with the network with interpretation 2, in case that the UE misses/forgets to signal the fallback BC with higher capability, the system performance is reduced as well. This issue occurs when there are multiple parent BCs that have different channel bandwidths, for example, parent BC1 supports BW {A,B,C} for BCS#0, parent BC2 supports BW{A,B} for BCS#0, and the common fallback BC3 supports BW{A,B,C} for BCS#0, then UE may not signal fallback BC3 explicitly because the supported bandwidths are the same with parent BC1 corresponding to BCS#0. But, when the fallback BC3 is a fallback of parent BC2, the network can only configure BW{A,B} for BC3, that are derived from the channel bandwidths signalled by BC2. 
Second, the negative side of interpretation 2 is an increase of signalling overhead. If UE supports more channel bandwidths in a fallback BC than the parent BC for a BCS, UE has to signal the fallback BC explicitly with the same BCS. According to current TS 38.101, such case is applicable for a lot of BCs with the capability of BCS#0, for example, n3A-n41A and n3A-n41C, n2A-n48A and n2A-n48C, n1A-n79A and n1A-n79C and so on.
Observation 3: NBC problem can be avoided if the channel bandwidths of a fallback BC are determined by the channel bandwidths of the parent BC regarding BCS, while there is a potential reduced system performance and an increased signalling overhead.
Proposal 1: The capability parameters regarding BCS, e.g. supportedBandwidthCombinationSet, supportedBandwidthCombinationSetIntraENDC, and supportedBandwidthCombinationSetEUTRA, are applicable for the BCs that signalled by the UE. 
If the Proposal 1 can be agreed, the corresponding clarification is provided in CRs [3][4].
Moreover, for interpretation 2, considering the case that the fallback BC supports more channel bandwidths than the parent BC with the same BCS, e.g. BCS#0, it needs to be clarified that UE is allowed to explicitly signal a fallback BC with the same capability parameters as the parent BC, and the network should not ignore it but to validate the signalled BCS of the fallback BC. In this case, the network should not consider UE not supporting a fallback mechanism if a fallback BC is explicitly signalled.
Proposal 2: Clarify that UE is allowed to explicitly signal a fallback BC with the same capability parameters as the parent BC which should not be ignored by the network. 
Although interpretation1 has the risk of NBC problem and requires a higher UE capability based on the analysis above, but it has the benefit for signalling overhead considering BCS#0 is widely used at present. Thus, if UE can indicate it to the network that whether the network should validate the BCS of the fallback BC as well when determining the channel bandwidths of the fallback BC, UE can avoid to explicitly signal the fallback BC with the same capability parameters unnecessarily. For example, an 1-bit indicator is signalled for the parent BC to indicate the network that the channel bandwidths of the fallback BC are determined by the BCS of the fallback BC, in which the BCS is supported by the parent BC, otherwise, the channel bandwidths of the fallback BC are determined by the channel bandwidths supported by the parent BC corresponding to the BCS signalled for the parent BC. To be noted, if the UE signals the new 1-bit indicator, the Observation 1 above is still valid in this case, which means the UE still needs to support the channel bandwidths supported by the parent BC. Furthermore, to avoid NBC issue, the network can configure whether the UE is allowed to report the new 1-bit indicator for saving signalling overhead.
Proposal 3: To reduce the signalling overhead, UE indicates the network in the parent BC whether the channel bandwidths of the fallback BC are determined by the BCS supported by the fallback BC.
If the Proposal 3 can be agreed, the introduction of new indicator is provided in CRs [5][6].
Conclusion
[bookmark: OLE_LINK3]In this contribution, we discuss the issue on the BCS of a fallback band combination. Observation and proposals are summarized as below.
Observation 1: UE is required to support at least the same channel bandwidths for each band in a fallback BC as the parent BC.
Observation 2: The supported channel bandwidths corresponding to the same BCS may be different for a specific band between the fallback band combination and the super band combination.
Observation 3: NBC problem can be avoided if the channel bandwidths of a fallback BC are determined by the channel bandwidths of the parent BC regarding BCS, while there is a potential reduced system performance and an increased signalling overhead.
Proposal 1: The capability parameters regarding BCS, e.g. supportedBandwidthCombinationSet, supportedBandwidthCombinationSetIntraENDC, and supportedBandwidthCombinationSetEUTRA, are applicable for the BCs that signalled by the UE.
Proposal 2: Clarify that UE is allowed to explicitly signal a fallback BC with the same capability parameters as the parent BC which should not be ignored by the network.
Proposal 3: To reduce the signalling overhead, UE indicates the network in the parent BC whether the channel bandwidths of the fallback BC are determined by the BCS supported by the fallback BC.
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