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1	Introduction
1.1 Background on the signalling of supported band combinations
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Figure 1: Illustration of RAN2 signalling design for NR band combinations
Based on TS 38.331 [1], the information elements (IEs) related to the signalling of band combinations are illustrated in Figure 1. It’s worth noting that:
Observation 1: As per RAN2 signalling for band combinations, the component band numbers are indicated in the bandList parameter and the DL/UL configurations are conveyed in the featureSetCombination parameter, both within the BandCombination IE.
More specifically, the FeatureSetCombination is a 2-D matrix of FeatureSet entries, each of which contains a pair of feature set IDs for UL and DL. Figure 2 illustrates the concept of FeatureSetCombination using a table format.
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Figure 2: Illustration of FeatureSetCombination
Between parent and fallback BCs, RAN2 applies the principle of capability inheritance. As per Clause 5.6.1.4 of TS 38.331 [1], a fallback band combination shall not be reported if it has the same capabilities as a parent band combination, which is duplicated below:
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Observation 2: RAN2 adopts the principle of capability inheritance. A fallback band combination shall not be reported if it has the same or lower capabilities as a parent band combination.
If the UE supports fallback BCs with additional functionality, it may report them in two ways as described below [1].
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Observation 3: The UE may report fallback BCs having additional functionality, either by adding entries in FeatureSetCombination of the same BandCombination IE, or by separate BandCombination entries.
1.2 Remaining open issues on power class capability reporting
It has been agreed [2] that Notes in Clause 5.5A Configurations for CA of TS 38.101-1 are used to specify the applicable power class(es) for a band combination, i.e. to confirm the completeness of RF requirements in the specification. On the other hand, whether a UE can support a given power class is subject to the signalling of certain UE capabilities, i.e. to be reported by the UE.
Previous discussions have centred around the controversy related to single-band uplink (including both single carrier and intra-band carrier aggregation). According to the signalling mechanism as described in the previous section, such band combinations are typically viewed as fallbacks of higher order combos, and are explicitly reported only when necessary.
In the following, we’ll use the band combinations in the latest spec as examples and discuss the potential problems that a standard-compliant UE may encounter when reporting the power class capabilities. Assuming inter-band CA in the DL, the open issues mainly lie in the following two questions:
· How to report the power class capability for single-carrier UL?
· How to report the power class capability for intra-band CA UL?
2	Discussion
2.1 Power class and power class capability
Before diving into details on power class capability reporting, it would be beneficial to clarify some of the terminology used in previous discussions. First of all, we propose that:
Proposal 1: Differentiate power class and power class capability. And “power class fallback” means that the RF requirements corresponding to a lower power class apply.
And in Table 1 below we share our understanding on some of the commonly used terms.
Table 1: Clarification on power class related terminology
	Terminology
	Remarks
	Examples

	Power class
	 -  is the term representing a set of Tx power related RF requirements including MOP, MPR, A-MPR subject to frequency band, Tx arch, etc
 
	1. PC3, PC2, PC1.5
1. PC5, PC1

	Power class capability
	 - is the UE radio access capability related to Tx power
 - signalled by ue-PowerClass, ue-PowerClassPerBandPerBC-r17 or powerClass
 - indicates the highest supported power class for a band or band combination
 - does not change unless the physical configuration of the transmitter(s) is changed/switched
 
	1. PC2 UE: a UE indicating PC2 capability
1. PC2 capable UE: a UE that can meet PC2 requirements.
1. A PC2 UE is also a PC3 capable UE.

	Power class fallback
	The RF requirements corresponding to a lower power class apply.
	1. The requirements of a lower power class may be applied to a UE due to one of the events that triggers ∆PPowerClass≠0.


 
Based on the above clarification, we further propose that:
Proposal 2: Use "indicated power class" when referring to the power class capability reported by the UE and "applied power class" when referring to the effective power class requirements, especially when power class fallback occurs.
As a brief recap, a summary of the existing signalling on power class capability is provided in Table 2.
Table 2: A summary of NR power class capabilities
	Power class capability
	Remarks

	ue-powerClass
	 -  reported per-band via BandNR IE
 - designed for single-carrier operation without CA in DL or UL
 - may be viewed as the upper bound of the power class capability for a given band

	powerClass
	 - reported per-BC via BandCombination IE
 - designed to indicate the total power limit for CA/DC

	ue-powerClassPerBandPerBC-r17
	 - reported in the feature set per-band within BandCombination IE
 - indicating the power class capability per-band in a BC



2.2 How to report the power class capability for single-carrier UL?
2.2.1 Power class capability inheritance
Consider the following 3-band band combination as specified in Clause 5.5A.3.2 [1].
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A UE may report the following power class capability for inter-band CA UL via the powerClass parameter of the BandCombination IE.
Table 3: An example of power class capability report for BCs with inter-band CA UL
	BandCombination List

	+ BandCombination

	· Band list: n1A, n3A, n77A
· FeatureSet Combination:
· DL_n1A-n3A-n77A + UL_n1A-n77A
· DL_n1A-n3A-n77A + UL_n3A-n77A
· Power class: PC2

	+ BandCombination

	· Band list: n1A, n3A, n77A
· FeatureSet Combination:
· DL_n1A-n3A-n77A + UL_n1A-n3A
· Power class: PC3


The single-carrier UL is the fallback of the inter-band CA UL. Hence, its power class capability shall not be reported if it’s the same or lower than that of the parent band combination. Based on this principle specified by RAN2, the following scenarios are discussed for single-carrier UL.
Table 4: Options to report the power class capability for BCs with single-carrier UL
	BandCombination List
	Remarks

	+ BandCombination
	

	· Band list: n1A, n3A, n77A
· FeatureSet Combination:
· DL_n1A-n3A-n77A + UL_n1A
· DL_n1A-n3A-n77A + UL_n3A
· Power class: PC3
	Not allowed to report, due to same capability as the parent BC with UL_n1A-n3A.
Inherit PC3 from the parent BC.

	+ BandCombination
	

	· Band list: n1A, n3A, n77A
· FeatureSet Combination:
· DL_n1A-n3A-n77A + UL_n77A
· Power class: PC2
	Not allowed to report, due to same capability as the parent BC with UL_n1A-n77A or UL_n3A-n77A.
Inherit PC2 from the parent BC.

	+ BandCombination
	

	· Band list: n1A, n3A, n77A
· FeatureSet Combination:
· DL_n1A-n3A-n77A + UL_n77A
· Power class: PC1.5
	Can be reported, fallback’s capability is higher than the parent BC. Otherwise, PC2.



Observation 4: Due to RAN2’s rule for reporting fallbacks, a UE shall not report the power class capability for the single-carrier UL (with DL CA) unless it’s higher than the parent BC(s).
Proposal 3: The power class capability of a single-carrier UL with DL CA shall be determined from its parent band combination unless it’s explicitly reported.
From the network perspective, there might be ambiguity in deriving the power class capability for single-carrier UL with DL CA when there’re multiple parent band-combinations. In the above example, both UL_n1A-n3A and UL_n1A-n77A can be considered as the parent combination for UL_n1A (all with DL_n1A-n3A-n77A). However, the former is PC3 while the latter is PC2. So, what is the power class for the fallback UL_n1A?
Observation 5: From the network perspective, there might be ambiguity in deriving the power class capability for single-carrier UL with DL CA when there’re multiple parent band-combinations being reported.
DL: n1A-n3A-n77A
UL: n1A-n3A
Power Class: PC3
DL: n1A-n3A-n77A
UL: n1A-n77A
Power Class: PC2
DL: n1A-n3A-n77A
UL: n1A
Power Class: ?

Parent BC: reported
Fallback BC: unreported

Figure 3: It might be a question how to determine the power class capability of a fallback BC when there’re multiple parent BCs.
Since the power configuration of a PC2 UL CA could be PC3+PC3 in addition to PC3+PC2 and PC2+PC2, it may not be possible for a UE to maintain the same power class capability for the BC if the SCell UL is released. Nonetheless, the UE shall be able to maintain the power class capability for the band within the BC, i.e. the power class capability per band per BC. 
In the above example, the power class for UL_n1A can be derived as PC3, since the per band per BC power class capability for n1 is PC3 for both UL_n1A-n3A and UL_n1A-n77A.
Proposal 4: A UE shall be able to maintain the same per-band per-BC power class capability for the fallback compared with its parent BC(s), while the fallback BC power class can be lower if the SCell UL is released.
2.2.2 Utilisation of ue-powerClassPerBandPerBC-r17 capability
Furthermore, consider the following band combination: CA_n1A-n78A. 
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It can be seen that PC2 is applicable to UL_n1A, UL_n78A and UL_n1A-n78A, and PC1.5 is also applicable to UL_n78A. A UE may have the following options to report the power class capabilities.
Table 5: Alt-1 power class capability report for CA_n1A-n78A
	BandCombination List
	Remarks

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n1A-n78A
· Power class: PC2
	Can be reported. 
Note that up to R18 only PC3+PC3/PC2 is allowed for FDD+TDD UL CA as per the HPUE WID.

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n1A
· DL_n1A-n78A + UL_n78A
· Power class: PC2
	Not allowed to report, due to same capability as the parent BC with UL_n1A-n78A.
How to report PC2 for UL_n1A?

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n78A
· Power class: PC1.5
	Can be reported, fallback’s capability is higher than the parent BC. If not reported, the power class is PC2 inherited from the parent BC.



As seen from Table 3, the power class for band n1 in UL_n1A-n78A should be PC3 as per the HPUE WID. Hence, the power class for the fallback UL_n1A should also be PC3. Due to the restriction of the RAN2 fallback rule, a UE that intends to support PC2 for UL_n1A cannot use a separate band combination entry to report PC2 for UL_n1A.
In order to solve this problem, it’s proposed to allow the ue-PowerClassPerBandPerBC capability to be used for single-carrier UL as shown in Table 6 below.
Table 6: Alt-2 power class capability report for CA_n1A-n78A
	BandCombination List
	Remarks

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n1A@PC3-n78A@PC2
· DL_n1A-n78A + UL_n1A@PC2
· Power class: PC2
	It’s proposed to use the ue-PowerClassPerBandPerBC-r17 capability to report the power class per band for each UL configuration, including single-carrier UL.

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n1A@PC3-n78A@PC2
· DL_n1A-n78A + UL_n1A@PC3
· DL_n1A-n78A + UL_n78A@PC2
· Power class: PC2
	Not allowed to report UL_n1A@PC3 or UL_n78A@PC2, due to same capability as the parent BC with UL_n1A-n78A.


	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n78A@PC1.5
· Power class: PC1.5
	Can be reported, fallback’s capability is higher than the parent BC. If not reported, inherit PC2 from the parent BC.



Proposal 5: Allow ue-PowerClassPerBandPerBC-r17 to report the power class capability for single-carrier UL with DL CA.
The signalling overhead may be further reduced if the power class reported in the ue-PowerClassPerBandPerBC capability is allowed to be higher than that in the BC powerClass, which is shown in Table 7 below.
Table 7: Alt-2a power class capability report for CA_n1A-n78A
	BandCombination List
	Remarks

	+ BandCombination
	

	· Band list: n1A, n78A
· FeatureSet Combination:
· DL_n1A-n78A + UL_n1A@PC3-n78A@PC2
· DL_n1A-n78A + UL_n1A@PC2
· DL_n1A-n78A + UL_n78A@PC1.5
· Power class: PC2
	It’s proposed to use the ue-PowerClassPerBandPerBC-r17 capability to report the power class per band for each UL configuration.
PC1.5 reported for single-carrier UL_n78A is higher than the BC power class PC2.



Below is a comparison of the alternative solutions.
Table 8: Comparison of methods to report power class capability for single-carrier UL
	Options
	Signalling methods
	Pros and cons

	Alt-1
	Use separate band combination entries for UL configurations having different power classes
	Pros:
· Existing mechanism
Cons:
· Cannot report power class for some single-carrier UL cases
· Large signalling overhead due to duplicated information such as bandList, CA parameters, etc in the extra BandCombination entries

	Alt-2
	Use the ue-PowerClassPerBandPerBC capability to report the power class per band for each UL configuration, including the single-carrier UL cases.
	Pros:
· Extended from the existing mechanism
· Flexible and can solve the reporting problem for single-carrier UL
· Reduced signalling overhead
Cons:
· need consensus in RAN4

	Alt-2a
	Same as Alt-2, plus the reported per-band per-BC power class is allowed to be higher than the BC power class.
	Pros:
· Same as Alt-2
· Further reducing signalling overhead
Cons:
· Same as Alt-2



2.3 How to report the power class capability for intra-band CA UL?
Consider the following inter-band CA band combination with intra-band CA: CA_n5A-n77C.
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Similar to the approach in Section 2.2, a UE may use separate band combination entries to report the power class capabilities via the per-BC power class signalling.
Table 9: Alt-1 power class capability report for CA_n5A-n77C
	BandCombination List
	Remarks

	+ BandCombination
	

	· Band list: n5A, n77C
· FeatureSet Combination:
· DL_n5A-n77C + UL_n5A-n77A
· Power class: PC2
	Can be reported. 
Note that up to R18 only PC3+PC3/PC2 is allowed for FDD+TDD UL CA as per the HPUE WID.

	+ BandCombination
	

	· Band list: n5A, n77C
· FeatureSet Combination:
· DL_n5A-n77C + UL_n77C
· Power class: PC3
	Can be reported.

	+ BandCombination
	

	· Band list: n5A, n77C
· FeatureSet Combination:
· DL_n5A-n77C + UL_n77A
· Power class: PC1.5
	Can be reported, fallback’s capability is higher than the parent BC. 
If not reported, the power class is inherited from the parent BC.



Alternatively, for the sake of reducing signalling overhead, it’s proposed to allow the ue-PowerClassPerBandPerBC-r17 capability to be used for intra-band CA UL (e.g. n77C in this case) as shown in Table 10 below.
Table 10: Alt-2 power class capability report for CA_n5A-n77C
	BandCombination List
	Remarks

	+ BandCombination
	

	· Band list: n5A, n77C
· FeatureSet Combination:
· DL_n5A-n77C + UL_n5A@PC3-n77A@PC2
· DL_n5A-n77C + UL_n77C@PC3
· DL_n5A-n77C + UL_n77A@PC1.5
· Power class: PC2
	It’s proposed to use the ue-PowerClassPerBandPerBC-r17 capability to report the power class per band for each UL configuration.



Proposal 6: Allow ue-PowerClassPerBandPerBC-r17 to report the power class capability for intra-band CA UL with DL inter-band CA.

2.4 Other issues
In [4], it was proposed that:
“The parameters PPowerClass,CA and ΔPPowerClass,CA may be ignored in determining the PCMAX,c when serving cell c is the only activated uplink serving cell of the CA configuration, other uplink serving cell(s) deactivated.”
However, as per the RAN2 specification [1] highlighted below, the network shall not expect different UE capabilities based on the activation/deactivation status of serving cell(s). 
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Proposal 7: To be aligned with RAN2’s specification, do not change the UE Tx power requirements based on activation or deactivation of serving cell(s).
Additionally, the core requirements of 3Tx have been completed and the follow-up basket WI is ongoing. With 3Tx, one of the UL bands supports MIMO, and the higherPowerLimit feature for 3Tx is also under discussion. Hence, we propose:
Proposal 8: The ue-PowerClassPerBandPerBC-r17 capability can be used for 3Tx band combinations.
3	Conclusion
In this paper, we first give a brief introduction on the signaling mechanism for band combinations. Based on our understanding of the RAN2 principle of capability inheritance, we further discuss the open issues on how to report the power class capability for band combinations with single-band UL. The following observations and proposals are made:
Observation 1: As per RAN2 signalling for band combinations, the component band numbers are indicated in the bandList parameter and the DL/UL configurations are conveyed in the featureSetCombination parameter, both within the BandCombination IE.
Observation 2: RAN2 adopts the principle of capability inheritance. A fallback band combination shall not be reported if it has the same or lower capabilities as a parent band combination.
Observation 3: The UE may report fallback BCs having additional functionality, either by adding entries in FeatureSetCombination of the same BandCombination IE, or by separate BandCombination entries.
Proposal 1: Differentiate power class and power class capability. And “power class fallback” means that the RF requirements corresponding to a lower power class apply.
Proposal 2: Use "indicated power class" when referring to the power class capability reported by the UE and "applied power class" when referring to the effective power class requirements, especially when power class fallback occurs.
Observation 4: Due to RAN2’s rule for reporting fallbacks, a UE shall not report the power class capability for the single-carrier UL (with DL CA) unless it’s higher than the parent BC(s).
Proposal 3: The power class capability of a single-carrier UL with DL CA shall be determined from its parent band combination unless it’s explicitly reported.
Observation 5: From the network perspective, there might be ambiguity in deriving the power class capability for single-carrier UL with DL CA when there’re multiple parent band-combinations being reported.
Proposal 4: A UE shall be able to maintain the same per-band per-BC power class capability for the fallback compared with its parent BC(s), while the fallback BC power class can be lower if the SCell UL is released.
Proposal 5: Allow ue-PowerClassPerBandPerBC-r17 to report the power class capability for single-carrier UL with DL CA.
[bookmark: _GoBack]Proposal 6: Allow ue-PowerClassPerBandPerBC-r17 to report the power class capability for intra-band CA UL with DL inter-band CA.
Proposal 7: To be aligned with RAN2’s specification, do not change the UE Tx power requirements based on activation or deactivation of serving cell(s).
Proposal 8: The ue-PowerClassPerBandPerBC-r17 capability can be used for 3Tx band combinations.
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The UE shall:

1> compile a list of "candidate band combinations" according to the filter criteria in
capabilityRequestFilterCommon (if included), only consisting of bands included in frequencyBandListFilter, and
prioritized in the order of frequencyBandListFilter (i.e. first include band combinations containing the first-listed
band, then include remaining band combinations containing the second-listed band, and so on), where for each
band in the band combination, the parameters of the band do not exceed maxBandwidthRequestedDL,
maxBandwidthRequestedUL, maxCarriersRequestedDL, maxCarriersRequestedUL, ca-BandwidthClassDL-
EUTRA or ca-BandwidthClassUL-EUTRA, whichever are received;

1> for each band combination included in the list of "candidate band combinations":
2> if the network (E-UTRA) included the eutra-nr-only field, or
2> if the requested rat-Type is eutra:
3> remove the NR-only band combination from the list of "candidate band combinations";

NOTE 4: The (E-UTRA) network may request capabilities for n but indicate with the eutra-nr-only flag that the
UE shall not include any NR band combinations in the UE-NR-Capability. In this case the procedural text
above removes all NR-only band combinations from the candidate list and thereby also avoids inclusion
of corresponding feature set combinations and feature sets below.
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The FeatureSetUplink and FeatureSetDownlink referred to from the FeatureSet comprise, among other information, a set of FeatureSetUplinkPerCC-Ids and
FeatureSetDownlinkPerCC-Ids. The number of these per-CC IDs determines the number of carriers that the UE is able to aggregate contiguously in frequency domain in the
corresponding band. The number of carriers supported by the UE is also restricted by the bandwidth class indicated in the associated BandCombination, if present.

In feature set combinations the UE shall exclude entries with same or lower capabilities, since the network may anyway assume that the UE supports those.

NOTE 11 The UE may advertise fallback band-combinations in which it supports additional functionality explicitly in two ways: Either by setting FeatureSet IDs to zero
(inter-band and intra-band non-contiguous fallback) and by reducing the number of FeatureSet-PerCC Ids in a Feature Set (intra-band contiguous fallback). Or by
separate BandCombination entries with associated FeatureSetCombinations.

NOTE 2: The UE may advertise a FeatureSetCombination containing only fallback band combinations. That means, in a FeatureSetCombination, each group of FeatureSets
across the bands may contain at least one pair of FeatureSetUplinkld and FeatureSetDownlinkld which is set to 0/0.

NOTE 3: The Network configures serving cell(s) and BWP(s) configuration to comply with capabilities derived from the combination of FeatureSets at the same position in
the FeatureSetsPerBand, regardless of activated/deactivated serving cell(s) and BWP(s).
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The FeatureSetUplink and FeatureSetDownlink referred to from the FeatureSet comprise, among other information, a set of FeatureSetUplinkPerCC-Ids and
FeatureSetDownlinkPerCC-Ids. The number of these per-CC IDs determines the number of carriers that the UE is able to aggregate contiguously in frequency domain in the
corresponding band. The number of carriers supported by the UE is also restricted by the bandwidth class indicated in the associated BandCombination, if present.

In feature set combinations the UE shall exclude entries with same or lower capabilities, since the network may anyway assume that the UE supports those.

NOTE 1: The UE may advertise fallback band-combinations in which it supports additional functionality explicitly in two ways: Either by setting FeatureSet IDs to zero
(inter-band and intra-band non-contiguous fallback) and by reducing the number of FeatureSet-PerCC Ids in a Feature Set (intra-band contiguous fallback). Or by
separate BandCombination entries with associated FeatureSetCombinations.

NOTE 2: The UE may advertise a FeatureSetCombination containing only fallback band combinations. That means, in a FeatureSetCombination, each group of FeatureSets
across the bands may contain at least one pair of FeatureSetUplinkld and FeatureSetDownlinkld which is set to 0/0.

NOTE 3: The Network configures serving cell(s) and BWP(s) configuration to comply with capabilities derived from the combination of FeatureSets at the same position in
the FeatureSetsPerBand, regardless of activated/deactivated serving cell(s) and BWP(s).
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