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1	Introduction
Since LTE we have had bandwidth combination sets for carrier aggregation and dual connectivity. RAN2 allows a UE to signal supported channel bandwidths for each band, BCS for band combinations and maximum bandwidth for each band in the combination. As we continue to add new channel bandwidths to legacy bands, including through a new basket WID [1], it might be a good time to consider if we still need to define BCSs. 
This contribution discusses some of the issues with the current BCS scheme and proposes an alternative. This is a revision of a proposal from RAN4 #96e [2] which attempts to address the issues raised in the discussions at Ran4#96e [3]. 

2	Discussion
[bookmark: _Hlk40391733]Bandwidth combination sets have been used for LTE and NR carrier aggregation and dual connectivity, and intra-band EN-DC. In most cases the NR BCSs include all of the channel bandwidths for each band. As we add new bandwidths for a given band, we then have to create new BCSs for each band combination to include the new channel bandwidths. This is time consuming and not particularly productive.
RAN2 signalling allows for a UE to declare 1) supported channel bandwidths for a given band, 2) the supported BCS for a band combination and 3) the maximum channel bandwidth for each band in the combination. It is possible that there may be discrepancies between these parameters. RAN2 has been discussing how to interpret discrepancies.
Observation 1: There has been some confusion in RAN2 about how to interpret the UE capabilities when there is a discrepancy, for instance if the UE does not support a channel bandwidth for a band that is included as a channel bandwidth in the BCS. 
We think that it is important for RAN4 to agree on how to interpret any such discrepancy. For example, if the UE capabilities indicate that a UE does not support one of the channel bandwidths for a particular band, it is safe to assume that the UE cannot support that channel bandwidth for the band as part of a band combination, even if that bandwidth for the band is included in the BCS.. If RAN4 had to create a new BCS for every possible combination of bandwidths that a UE supports, RAN4 would have a lot of work with little tangible benefit, since the signalling already exists to cover most cases, as long as it is interpreted properly. 
[bookmark: _Hlk47472616]For example, say a UE reports that it supports CA_n1A-n3A BCS0, but for Band n3 it does not support 25 or 30 MHz. Since the UE does not support 25 and 30 MHz for n3, it cannot support 25 and 30 MHz for n3 as part of combination CA_n1A-n3A, even though 25 and 30 MHz are part of the BCS. 
Likewise, if a UE reports that it supports CA_n1A-n3A BCS0 and all of the channel bandwidths for each band in standalone NR, but that it only supports n3 bandwidth up to 20 MHz, for n3 in CA_n1A-n3A then the UE could only be configured with bandwidth combinations that are less than or equal to 20 MHz for n3, even though the BCS included 25 and 30 MHz. 
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The UE capability signalling indicates the Bands supported by the UE, the UL and DL channel BWs supported for each SCS for each band as channelBWs-DL in channelBWs-UL, the bands in the band combination, the BCS for the highest order combination, and the supportedBandwidthDL and supportedBandwidthUL for each CC in the band combination (see Appendix 2). 
   
If a UE reports that it supports 5, 10, 15 and 20 MHz for band n3, and it supports  that it supports CA_n1A-n3A BCS0, then since the UE does not support 25 and 30 MHz for n3,  the network knows that the UE does not support 25 and 30 MHz for n3 in the band combination, even though BCS0 includes 25 and 30 MHz for n3. 
Likewise, if a UE reports that it supports 5, 10, 15, 20, 25 and 30 MHz for band n3, and it supports  CA_n1A-n3A BCS 0, and that supportedBandwidthDL and supportedBWUL for n3 in the band combination is 25 MHz, then the network knows that the UE does not support 30 MHz in CA_n1A-n3A even though 30 MHz is in BCS0 for the combination. 
Observation 2: When a UE reports a BCS that it supports for a given band combination, and the channels bandwidths that it supports for each SCS for each band in the band combination and the maximum channel bandwidth for each band in the bandwidth combination, the network must consider the all those factors to determine what bandwidth combinations the UE supports for the band combination. The bandwidth has to be supported by the UE for the band AND in the BCS AND less than the maximum bandwidth for the band in the band combination. It is possible that not all of the entries in the BCS are supported because the information in the other UE capability parameters override the BCS. 
Sometimes UEs don’t support all of the channel bandwidths in a band either because the bandwidth is option for the band or it is optional with capability signalling. Also, the UE may have a limitation on the maximum channel BW that it supports for a band in a band combination. If a UE implementation doesn’t support all of the bandwidth in the BCS, it can use the UE capability signalling to inform the gNB of what bandwidths it does support for each band in the band combination.
Proposal 1: RAN4 agrees that it does not need to create new BCSs to cover UE implementation scenarios where a UE does not support all of the channel BWs for a given band in the existing BCSs because in addition to the BCS, the network also needs to consider the channel BWs that the UE supports for each band,  and the maximum channel bandwidth for each band in the combination.
Because the UE signalling only includes the highest order band combinations supported, and then support for all of the fallbacks are implied, it is not clear which BCS is supported for each of the fallbacks. Appendix 1 shows several instances where there are inconsistencies between the BCSs of higher level combinations and fallbacks. Here is a summary of the examples in section 5 Appendix 1: 
Example 5.1 For CA_n3A-n41A BCS0 includes 90 MHz, but for CA_n3A-n41A-n79A, neither of the BCSs support 90 MHz. Also BCS1 for CA_n3A-n41A only supports up to 60 MHz for n41, but BCS1 for CA_n3A-n41A-n79A supports 80 MHz for n41.
Example 5.2 BCS0 for CA_n25A-n41A-n66A has 30 MHz for n41, but BCS0 for CA_n25A-n41A does not:
Example 5.3 CA-n25A-n66A BCS0 has 25, 30 and 40 MHz for n25 and 30 MHz for n66:
Example 5.3 CA-n25A-n66A BCS0 has 25, 30 and 40 MHz for n25 and 30 MHz for n66, but CA_n25A-n66A-n71A BCS0 does not:
Example 5.4 CA_n40A-n41A BCS0 has 90 MHz for n41, but for CA_n40A-n41A-n79A does not support 90 MHz for n41 for either BCS0 or BCS1:
Example 5.5 CA_n41A-n78A BCS0 supports 80 MHz for n41, but not 90 MHz, but BCS0 for CA_n28A-n41A-n78A has 90 MHz for n41 but not 80 MHz.
Example 5.6 CA_n7A-n25A, BCS0 only covers up to 40 MHz, but in CA_n7A-n25A-n66A-n78A BCS0 includes 50 MHz:

 For LTE, 36.101 has the following text related to BCSs for fallbacks: 
4.3A       Applicability of minimum requirements
A terminal which supports a DL CA configuration shall support all the lower order fallback DL CA combinations and it shall support at least one bandwidth combination set for each of the constituent lower order DL combinations containing all the bandwidths specified within each specific combination set of the upper order DL combination.

However, for NR there is no equivalent statement. Also, for NR, as seen in the examples, there are combinations where there are currently no lower order combinations that contain all of the bandwidths specified in the BCS of the higher order combination. For instance, CA_n28A-n41A-n78Ahas 90 MHz for n41 but CA_n41A-n78ABCS0 does not support 90 MHz for n41. 
Some companies believe that for a given higher order combination, for all of the fallback combinations a UE needs to support the same channel BWs as it does for the higher order combination. That might help the situation, but it is not currently documented in the specs. 
Observation 3: There is ambiguity in the NR specs for what channel bandwidths/BCSs are supported for fallback combinations. 
Another issue with the current BCS scheme is that if a UE supports a new higher order combination or a BCS for a high order combination that the gNB is not aware of the BCS details, it is unclear if there is a way for the gNB to determine what bandwidth combination set the UE supports for all of the fallbacks. 
Observation 4: If a UE supports a new higher order combination or a BCS for a high order combination that the gNB is not aware of the the BCS details, It is unclear if there is a way for the gNB to determine what bandwidth combination set the UE supports for all of the fallbacks.

Next, RAN4 has been adding new channel bandwidths to existing bands. For instance, in the example above new channel bandwidths have been added for both n1 and n3 that were not included in  BCS0:
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One way to handle this would be to create new BCSs each time a new channel bandwidth is added. This could be a lot of work, requiring the creating of many, many new BCSs. For instance, if a new channel bandwidth is added for one band, then it might be necessary to create new BCSs for each band combination that contains that band. Then when a new channel bandwidth is added for a different band, new BCSs would need to be added for band combination with that band, which may include band combinations that just received a new BCS for the previous bandwidth that was added to another band. This would be a lot of work and would result in even larger specs.
Observation 5: If RAN4 needs to create a new BCS each time a new channel bandwidth is added to a legacy band, there will be a lot of work and the tables in the specs will grow significantly. 
Alternatively, RAN4 could decide that when new channel bandwidths are added to existing bands, the UE should support all of the possible bandwidth combinations for all of the channel bandwidths that the UE supports for each band up to and including the maximum bandwidth that the UE reports for each band in the band combination. One of the main purposes of a BCS was to enable a limit on the maximum bandwidth for each CC, but RAN2 has UE capability parameters that enable that. This proposal is actually similar to what we had for inter-band EN-DC, where we did not have BCSs at all and that seemed to work well. However, we need to ensure backward compatibility with legacy BCS signalling. 
One way to handle this would be to create a new UE capability parameter to indicate that all possible bandwidth combinations are supported for the band combination. Alternatively, in order to enable the use legacy signalling RAN4 could decide that a particular value of BCS always indicates that all possible bandwidth combinations are supported. For legacy bandwidth combinations this could be BCS4, which we believe is not currently used. The reason to use BCS4 and not BCS31 is to avoid currently used BCS numbers while minimizing the size of the field. The BCS parameter has a size of 1 to 32 bits. From 38.331: 
    supportedBandwidthCombinationSet    BIT STRING (SIZE (1..32))                   OPTIONAL,

So using bit 5 for BCS4 would limit the string size to 5 bits. 
[bookmark: _Hlk47712237]Proposal  2: In order to avoid the need for many new BCSs for NR-CA, NR-DC and NR-SUL, the signalling of BCS4 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. 
Proposal 3: In support of Proposal 3, any CRs for inter-band and intra-band NR-CA, NR-DC, and NR-SUL combinations from RAN 97e onwards should not include any new BCSs, even if the BCSs were in the band combination request. Also, new inter-band and intra-band NR-CA, NR-DC, and NR-SUL band combination requests  should not contain any BCSs. MSD shall be considered for all of the combinations of bandwidths.
Proposal 4: If new channel BWs are added for a given band, the proponent of the new channel BW shall be responsible for the MSD calculations for all the band combinations.

Responses from Questions from RAN4#86 e-mail and offline discussions: 
Issue 1: During offline discussion about the BCS4 proposal, one of the arguments against BCS4 was that BCSs allow an operator to slect which bandwidths are of interest to save UE vendors the trouble of implementing and IODT testing of bandwidths in the bandwidth combination that are not of interest. 
Observation 6: The operators can still tell vendors what bandwidths and maximum bandwidths are of interest is for each band combinations, and then the vendor can limit the supported bandwidths for the band, or the maximum bandwidth for the band in the combination to the ones of interest, even with BCS4. The number of current BCSs that don’t included all of the channel BWs for the band is small compared to the total number of band combinations. 
Issue 2: It was also pointed out that although the maximum bandwidth per band in the band combination can be used to limit the maximum channel BW supported for the band in the band combination, the band combinations parameters cannot indicate that the UE does not support bandwidth less than the maximum if those are not of interest. 
Observation 7: While some BCSs don’t include all of the channel BWs, due to operator’s need for flexibility the BCSs nearly always include all of the supported bandwidths for each band in the combination. And as new bandwidth are added, new BCSs are requested. It is hard to make the case that the relatively low number or BCSs that don’t include all of the supported channel BWs can justify all of the effort to maintain all of the new BCSs that will be needed for all of the new band combinations. 
Issue 3:The last sentence ‘No additional BCSs will be allowed for NR-CA, NR-DC of NR-SUL combinations.’ causes confusion and is not clear. For the UEs not supporting all channel BWs defined in table 5.3.5-1, are BCSs other than BCS4 still needed?  Based on proposal 4, my understanding is all BCSs are not needed and should not be specified. If this is the case, all BCSs in the current spec 38.101-1/2/3 need to be removed.
Observation 8: BCSs are still needed to allow networks to know which bandwidth combinations legacy UEs support, so they should not be removed from the spec. 
Issue 4: In addition to above comments, we are not sure how to address existing UEs and gNBs which do not understand BCS4? For example, a new UE supporting BCS4 signals BCS4 to a legacy gNB, what is behavior of gNB? How to address backward compatibility issue?
Observation 9: In addition to BCS4, UEs would also indicate support for at least one other BCS for each band combination in order to be backwards compatible with legacy gNBs. 
Question: will anything go in the configuration table for the new band combinations:


Proposal 5: The band combination tables will contain the DL combination(s), the UL combination(s), and then blank columns.
Proposal 6: Even if a UE supports BCS4, it will also report at least one other BCS that it supports for a given legacy band combination to ensure compatibility with legacy gNBs. 
Question: What does a gNB do today if a UE reports that it supports a new higher order band combination that the UE does not support. How does the gNB know what BCS the UE supports for the fallback, if it does not understand the BCS for the new band combination?
Observation 10: BCS4 solves the problem of forward compatibility with new UEs that support higher order combinations that the gNB does not understand. 
Proposal 7: When new channel bandwidths are added for an existing band, operators are responsible for requesting any needed MSD for combinations that they are interested in. The details of the MSD requests are TBD.  

3	Conclusions 
Observation 1: There has been some confusion in RAN2 about how to interpret the UE capabilities when there is a discrepancy, for instance if the UE does not support a channel bandwidth for a band that is included as a channel bandwidth in the BCS. 
Observation 2: When a UE reports a BCS that it supports for a given band combination, and the channels bandwidths that it supports for each SCS for each band in the band combination and the maximum channel bandwidth for each band in the bandwidth combination, the network must consider the all those factors to determine what bandwidth combinations the UE supports for the band combination. The bandwidth has to be supported by the UE for the band AND in the BCS AND less than the maximum bandwidth for the band in the band combination. It is possible that not all of the entries in the BCS are supported because the information in the other UE capability parameters override the BCS. 
Observation 3: There is ambiguity in the NR specs for what channel bandwidths/BCSs are supported for fallback combinations. 
Observation 4: If a UE supports a new higher order combination or a BCS for a high order combination that the gNB is not aware of the the BCS details, It is unclear if there is a way for the gNB to determine what bandwidth combination set the UE supports for all of the fallbacks.
Observation 5: If RAN4 needs to create a new BCS each time a new channel bandwidth is added to a legacy band, there will be a lot of work and the tables in the specs will grow significantly. 
Observation 6: The operators can still tell vendors what bandwidths and maximum bandwidths are of interest is for each band combinations, and then the vendor can limit the supported bandwidths for the band, or the maximum bandwidth for the band in the combination to the ones of interest, even with BCS4. The number of current BCSs that don’t included all of the channel BWs for the band is small compared to the total number of band combinations. 
Observation 7: While some BCSs don’t include all of the channel BWs, due to operator’s need for flexibility the BCSs nearly always include all of the supported bandwidths for each band in the combination. And as new bandwidth are added, new BCSs are requested. It is hard to make the case that the relatively low number or BCSs that don’t include all of the supported channel BWs can justify all of the effort to maintain all of the new BCSs that will be needed for all of the new band combinations. 
Observation 8: BCSs are still needed to allow networks to know which bandwidth combinations legacy UEs support, so they should not be removed from the spec. 
Observation 9: In addition to BCS4, UEs would also indicate support for at least one other BCS for each band combination in order to be backwards compatible with legacy gNBs. 
Observation 10: BCS4 solves the problem of forward compatibility with new UEs that support higher order combinations that the gNB does not understand. 

Proposal 1: RAN4 agrees that it does not need to create new BCSs to cover UE implementation scenarios where a UE does not support all of the channel BWs for a given band in the existing BCSs because in addition to the BCS, the network also needs to consider the channel BWs that the UE supports for each band,  and the maximum channel bandwidth for each band in the combination.
Proposal  2: In order to avoid the need for many new BCSs for NR-CA, NR-DC and NR-SUL, the signalling of BCS4 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. 
Proposal 3: In support of Proposal 3, any CRs for inter-band and intra-band NR-CA, NR-DC, and NR-SUL combinations from RAN 97e onwards should not include any new BCSs, even if the BCSs were in the band combination request. Also, new inter-band and intra-band NR-CA, NR-DC, and NR-SUL band combination requests  should not contain any BCSs. MSD shall be considered for all of the combinations of bandwidths.
Proposal 4: If new channel BWs are added for a given band, the proponent of the new channel BW shall be responsible for the MSD calculations for all the band combinations.
Proposal 5: The band combination tables will contain the DL combination(s), the UL combination(s), and then blank columns.
Proposal 6: Even if a UE supports BCS4, it will also report at least one other BCS that it supports for a given legacy band combination to ensure compatibility with legacy gNBs. 
Proposal 7: When new channel bandwidths are added for an existing band, operators are responsible for requesting any needed MSD for combinations that they are interested in. The details of the MSD requests are TBD.  
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5	Appendix 1 – Misaligned BCSs


Here are some examples that shows the BCSs for the bands and fallbacks are not aligned. 
Example 5.1 For CA_n3A-n41A BCS0 includes 90 MHz, but for CA_n3A-n41A-n79A, neither of the BCSs support 90 MHz. Also BCS1 for CA_n3A-n41A only supports up to 60 MHz for n41, but BCS1 for CA_n3A-n41A-n79A supports 80 MHz for n41.
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Example 5.2: BCS0 for CA_n25A-n41A-n66A has 30 MHz for n41, but BCS0 for CA_n25A-n41A does not:
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Example 5.3: CA-n25A-n66A BCS0 has 25, 30 and 40 MHz for n25 and 30 MHz for n66, but CA_n25A-n66A-n71A BCS0 does not:
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	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	n66
	15
	Yes
	Yes
	Yes
	Yes
	
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	
	
	
	
	
	
	

	CA_n25A-n66(2A)
	CA_n25A-n66A
	n25
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	0



	NR CA configuration
	Uplink CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90 MHz
	100 MHz
	Bandwidth combination set

	CA_n25A-n66A-n71A
	-
	n25
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	
	n66
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	
	
	

	
	
	n71
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	
	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	




Example 5.4: CA_n40A-n41A BCS0 has 90 MHz for n41, but for CA_n40A-n41A-n79A does not support 90 MHz for n41 for either BCS0 or BCS1:
	NR CA configuration
	Uplink CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90 MHz
	100 MHz
	Bandwidth combination set

	CA_n40A-n41A
	CA_n40A-n41A
	n40
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	Yes
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	Yes
	
	
	

	
	
	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	




	NR CA configuration
	Uplink CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90 MHz
	100 MHz
	Bandwidth combination set

	CA_n40A-n41A-n79A
	CA_n40A-n41A
CA_n40A-n79A
CA_n41A-n79A
	n40
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	

	
	
	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	
	Yes
	

	
	
	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	
	
	

	
	
	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	
	Yes
	

	
	
	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	
	Yes
	

	
	
	n40
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	1

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	
	
	

	
	
	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	
	
	

	
	
	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	
	Yes
	

	
	
	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	
	Yes
	






Example 5.5 CA_n41A-n78A BCS0 supports 80 MHz for n41, but not 90 MHz, but BCS0 for CA_n28A-n41A-n78A has 90 MHz for n41 but not 80 MHz.
	NR CA configuration
	Uplink CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90 MHz
	100 MHz
	Bandwidth combination set

	CA_n41A-n78A
	CA_n41A-n78A
	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes
	

	
	
	n78
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	




	NR CA configuration
	Uplink CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90 MHz
	100 MHz
	Bandwidth combination set

	CA_n28A-n41A-n78A
	CA_n28A-n41A
CA_n41A-n78A
CA_n28A-n78A
	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	
	

	
	
	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	n41
	15
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	Yes
	
	Yes
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	
	Yes
	Yes
	Yes
	Yes
	
	Yes
	Yes
	

	
	
	n78
	15
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	CA_n29A-n66A-n70A
	-
	n29
	15
	Yes
	Yes
	
	
	
	
	
	
	
	
	
	
	0



Example 5.6: CA_n7A-n25A, BCS0 only covers up to 40 MHz, but in CA_n7A-n25A-n66A-n78A BCS0 includes 50 MHz:
	NR CA configuration
	Uplink CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90 MHz
	100 MHz
	Bandwidth combination set

	CA_n7A-n25A
	CA_n7A-n25A
	n7
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	n25
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	CA_n7A-n25(2A)
	CA_n7A-n25A
	n7
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	0




	NR CA configuration
	Uplink CA configuration
	NR Band
	SCS
(kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	70 MHz
	80
MHz
	90 MHz
	100 MHz
	Bandwidth combination set

	CA_n7A-n25A-n66A-n78A
	-
	n7
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	0

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	n25
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	n66
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	
	n78
	15
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	

	
	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	
	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	NOTE 1:	This UE channel bandwidth is optional in this release of the specification.
NOTE 2:	For the 20 MHz bandwidth, the minimum requirements are specified for NR UL carrier frequencies confined to either 713-723 MHz or 728-738 MHz.




 
6	Appendix 2 – Selected UE Band and band combination parameters from 38.306

[bookmark: _Toc12750892][bookmark: _Toc29382256][bookmark: _Toc37093373][bookmark: _Toc37238649][bookmark: _Toc37238763][bookmark: _Toc46488658]4.2.7	Physical layer parameters
[bookmark: _Toc12750893][bookmark: _Toc29382257][bookmark: _Toc37093374][bookmark: _Toc37238650][bookmark: _Toc37238764][bookmark: _Toc46488659]4.2.7.1	BandCombinationList parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	bandList
Each entry of the list should include at least one bandwidth class for UL or DL.
	BC
	Yes
	N/A
	N/A

	bandNR
Defines supported NR frequency band by NR frequency band number, as specified in TS 38.101-1 [2] and TS 38.101-2 [3].
	Band
	Yes
	N/A
	N/A

	ca-BandwidthClassDL-NR
Defines for DL, the class defined by the aggregated transmission bandwidth configuration and maximum number of component carriers supported by the UE, as specified in TS 38.101-1 [2] and TS 38.101-2 [3]. When all FeatureSetDownlinkId:s in the corresponding FeatureSetsPerBand are zero, this field is absent. For FR1, the value 'F' shall not be used as it is invalidated in TS 38.101-1 [2].
	Band
	No
	N/A
	N/A

	ca-BandwidthClassUL-NR
Defines for UL, the class defined by the aggregated transmission bandwidth configuration and maximum number of component carriers supported by the UE, as specified in TS 38.101-1 [2] and TS 38.101-2 [3]. When all FeatureSetUplinkId:s in the corresponding FeatureSetsPerBand are zero, this field is absent. For FR1, the value 'F' shall not be used as it is invalidated in TS 38.101-1 [2].
	Band
	No
	N/A
	N/A

	supportedBandwidthCombinationSet
Defines the supported bandwidth combination for the band combination set as defined in the TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4]. For NR SA CA, NR-DC, inter-band (NG)EN-DC without intra-band (NG)EN-DC component and intra-band (NG)EN-DC with additional inter-band NR CA component, the field defines the bandwidth combinations for the NR part of the band combination. For intra-band (NG)EN-DC without additional inter-band NR and LTE CA component, the field indicates the supported bandwidth combination set applicable to the NR and LTE band combinations. Field encoded as a bit map, where bit N is set to "1" if UE support Bandwidth Combination Set N for this band combination as defined in the TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4]. The leading / leftmost bit (bit 0) corresponds to the Bandwidth Combination Set 0, the next bit corresponds to the Bandwidth Combination Set 1 and so on. It is mandatory if the band combination has more than one NR carrier (at least one SCell in an NR cell group) or is an intra-band (NG)EN-DC combination or both.
	BC
	CY
	N/A
	N/A




[bookmark: _Toc12750894][bookmark: _Toc29382258][bookmark: _Toc37093375][bookmark: _Toc37238651][bookmark: _Toc37238765][bookmark: _Toc46488660]4.2.7.2	BandNR parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	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, 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, 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

	channelBWs-UL
Indicates for each subcarrier spacing the UE supported channel bandwidths.
Absence of the channelBWs-UL (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-UL-IAB-r16.
For FR1, the bits in channelBWs-UL (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-UL (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-UL-IAB-r16.
For FR1, the leading/leftmost bit in channelBWs-UL-v1590 indicates 70 MHz, and all the remaining bits in channelBWs-UL-v1590 shall be set to 0.

NOTE:	To determine whether the UE supports a specific SCS for a given band, the network validates the supportedSubCarrierSpacingUL 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 supportedBandwidthCombiantionSet. For serving cells with other channel bandwidths the network validates the channelBWs-UL, the supportedBandwidthCombinationSet, the asymmetricBandwidthCombinationSet (for a band supporting asymmetric channel bandwidth as defined in clause 5.3.6 of TS 38.101-1 [2]) and supportedBandwidthUL.
	Band
	Yes
	N/A
	N/A




[bookmark: _Toc12750898][bookmark: _Toc29382262][bookmark: _Toc37093379][bookmark: _Toc37238655][bookmark: _Toc37238769][bookmark: _Toc46488665]4.2.7.6	FeatureSetDownlinkPerCC parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	channelBW-90mhz
Indicates whether the UE supports the channel bandwidth of 90 MHz.
For FR1, the UE shall indicate support according to TS 38.101-1 [2], Table 5.3.5-1.
	FSPC
	CY
	N/A
	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
	N/A
	N/A



FSPC = Feature Set Per Component-carrier

[bookmark: _Toc12750900][bookmark: _Toc29382264][bookmark: _Toc37093381][bookmark: _Toc37238771][bookmark: _Toc46488667][bookmark: _Toc37238657]4.2.7.8	FeatureSetUplinkPerCC parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	channelBW-90mhz
Indicates whether the UE supports the channel bandwidth of 90 MHz.

For FR1, the UE shall indicate support according to TS 38.101-1 [2], Table 5.3.5-1.
	FSPC
	CY
	N/A
	FR1 only

	supportedBandwidthUL
Indicates maximum UL channel bandwidth supported for a given SCS that UE supports within a single CC, which is defined in Table 5.3.5-1 in TS38.101-1 [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 supportedBandwidthCombiantionSet. For serving cells with other channel bandwidths the network validates the channelBWs-UL, the supportedBandwidthCombinationSet and supportedBandwidthUL.
	FSPC
	CY
	N/A
	N/A









