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1.	Introduction
3GPP used LTE as a convenient springboard upon which to base 5G-NR. LTE has well thought-out definitions and concepts, and it seemed expedient and non-controversial to adopt those definitions where appropriate. We have found however that certain definitions and concepts may require clarification or modification. 
In this contribution, we seek to establish in RAN4, common understanding of the term ‘Aggregated Channel BW’. 
2. 	Discussion
The discussion on the details of Aggregated Channel BW impacts how MPR is meted out in certain CA cases in FR2. The definition of aggregated channel BW comes down from LTE, and is captured in TS38.101-1 and -2 as:
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Due to somewhat imprecise wording in the definition, and how various emissions requirements invoke it, there is ambiguity in interpretation. There are two interpretations of aggregated channel BW (ACBW): 
· ACBW is determined by configured CCs in the CA, regardless of activation or allocation
· ACBW is determined only by CCs that have active RB allocations
These competing interpretations are analysed further in subsections below.
2.1	ACBW determined by configured CCs in CA 
This interpretation that ACBW is determined by configured CCs in the CA (regardless of activation or allocation) proved to be a majority view during online discussion of [1].
Unfortunately, there is no explicit evidence in LTE or NR (*) standard that supports the notions ACBW depends on UL CA configuration. There however is circumstantial evidence in section 5.3A that ACBW depends on activated CCs. Take for example, figure 5.3A.2-1 in TS38.101-2, reproduced in figure 2.1-1 below. In the figure, the RBs of one CC are shaded one hue (green) while the RBs of the other are shaded another (grey). 
(*) – There is mention of ‘configuration of UL CA’ in a recent addendum to allow low MPR for select UL CA cases [3], but we believe the newly added wording is victim of the same ambiguity that is the subject of this paper.
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Figure 2.1-1: Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation, from TS38.101-2
The meaning carried by the coloration can be surmised from the definition of channel bandwidth in section 5.3, reproduced as figure 2.1-2. Allocated RBs (‘active resource blocks’) are coloured differently from non-active RBs. Further it appears that the greyed RBs are part of an active carrier but not allocated. If we carry this understanding over to the definition of ACBW above, one can conclude that perhaps ACBW includes non-active RBs in active carriers also. This line of reasoning seems to support that activated CCs are the basis for ACBW. 
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Figure 2.1-2: Definition of channel bandwidth and transmission bandwidth configuration for one NR channel, from TS38.101-2
[bookmark: _Hlk23252810]Observation 1: There is no evidence in standard that configured CCs form the basis of aggregated channel BW (ACBW). There is circumstantial evidence that activated CCs form the basis of ACBW
2.2 ACBW determined only by CCs with active RBs
Note that there is no indication in its definition that ACBW is based on merely configured CCs, or if they must be activated, or indeed, must include PRB allocation. The tense used in the definition in fact suggests that the CCs must have allocated, or active, PRBs. 
The more troubling angle supporting the active RB interpretation comes from regulatory emissions requirements. In 3GPP, regulator facing requirements like SEM and general spurious are captured relative to an SEM. For contiguous CA, the SEM is based on ACBW.
If SEM were based merely on configured CCs, there is room for an enterprising operator to configure CCs that are outside its licensed block and are never intended for use. Figure 2.2-1 shows this deployment scenario graphically. Since the CCs outside the licensed block are never activated, the operator is compliant with spectrum license requirements. 
[bookmark: _GoBack]Active and allocated UL CC (orange)
Legal CCs inside license block (blue)
Operator’s Licensed Spectrum
Configured, but never activated CCs outside license block (grey)
Example scenario
SEM is incorrect, if ACBW depends on configured CCs alone (2.1.1)
SEM is correct, if ACBW depends on CCs with allocation (2.1.2)

Figure 2.2-1: SEM depends on interpretation of ACBW
There is motivation for this configuration strategy: It would not give operators any extra spectrum, but it would restrict the UE to lower MPRs under same CA cases. The example above shows how a looser SEM applies for a UE that is operating legally but configured with silent CCs outside the operator’s licensed block. 
Active and allocated UL CC (orange)
Legal CC inside license block (blue)
Operator’s Licensed Spectrum
Configured, but never activated CCs outside license block (grey)
Example scenario
OBW leakage measurement BW starts outside configured CCS per 2.1
OBW leakage measurement BW starts outside license block per 2.2

Figure 2.2-2: OBW depend on interpretation of ACBW

The spectral power confinement criterion (OBW compliance) likewise gets compromised. If an operator has spectrum only for one 50M channel, he may choose to configure CA using the 2 adjacent equally sized channels, for the hidden benefit due to their ‘silent presence’, as depicted in figure 2.2-2. The adjacent never-activated silent CCs will require the UE to operate at 0dB back off (max. allocated DFT-s-QPSK) under interpretation in 2.1, which will cause the UE to fail OBW requirements. The argument about culpability in this case is a distraction from the fundamental problem that 3GPP language is ambiguous enough to allow this scenario.
[bookmark: _Hlk23252779]Observation 2: Using configured CCs as the basis for aggregated channel BW leaves loopholes that can be incorrectly exploited and will cause UEs to fail emissions requirement
Moreover, the credibility of 3GPP specifications would suffer in the eyes of regulatory bodies if we do not explicitly exclude known loopholes pertaining to regulatory requirements. This loophole can be fixed with a simple exclusion in the applicability of UE requirements, as we propose in the next section.
 It is useful to note here that if aggregated channel BW is chosen based on CCs with active allocations, the correct MPR would apply, and the UE would remain emissions compliant. 
Observation 3: Using CCs with active RBs as the basis for aggregated channel BW is consistent with MPR studies; UEs remain emissions compliant in CA configurations.
2.3 ACBW interpretation summary
We can resolve ambiguity in the interpretation of ACBW by choosing one of the interpretations listed above, and ensuring we make consistent clarifications as necessary, and any loopholes are closed. The two interpretations are summarized by required actions, in table 2.3-1 below.


	Interpretation of ACBW ->
	ACBW depends on UL CA configuration alone, without regard to activation or allocation. (subsection 2.1.1)
	ACBW depends only on the actively allocated CCs in the UL CA configuration (subsection 2.1.2)

	Proposed definition of ACBW, consistent with interpretation
	the RF bandwidth in which a UE transmits and receives occupied by multiple all configured contiguously aggregated carriers
	 (no change required)

	Proposal to close any emissions loopholes

	Standard needs a new (but mild) requirement applicability limitation conveying:
UE requirements are valid only when CA configuration is limited to operator’s licensed spectrum
	(no change required)

	Implementation notes
	(no change required)
	(no change required)
UE must change any settings with active allocation. Note that this assumption is consistent with MPR studies. Also, many UE implementations already change LO based on activation status of CCs.



Table 2.3-1: Action items to execute, based on ACBW interpretation
Proposal 1: RAN4 chooses one of the interpretations of table 2.3-1. The standard shall be amended with any remaining clarifications associated with that choice as listed in the table.
Note that in FR2, UL is considered ‘CA’ even if only one CC is configured for UL, but DL is configured for multiple CCs (CA). See excerpt from TS38.101-2:
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Regardless of interpretation chosen, the standard must be amended to accommodate single CC UL as a possible CA configuration. Currently the standard always assumes UL CA consists of multiple contiguous UL CCs, due to oversight.
Observation 4: The emissions requirements in the standard need to be amended to allow the UL CA configuration to consist of a single UL CC
See example clarification of this detail, as captured in TR38.831 [2].  The excerpt contains SEM requirement for NC UL CA, which treats the sub block either as contiguous CA or as a single CC. 
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3.	Conclusion
There are two interpretations of aggregated channel BW (ACBW): 
· ACBW is determined by configured CCs in the CA, regardless of activation or allocation
· ACBW is determined only by CCs that have RB allocations
Observation 1: There is no evidence in standard that configured CCs form the basis of aggregated channel BW (ACBW). There is circumstantial evidence that activated CCs form the basis of ACBW
Observation 2: Using configured CCs as the basis for aggregated channel BW leaves loopholes that can be incorrectly exploited and will cause UEs to fail emissions requirement
Observation 3: Using CCs with active RBs as the basis for aggregated channel BW is consistent with MPR studies; UEs remain emissions compliant in CA configurations.
The choice of interpretation may have to be paired with a consistent set of changes and clarifications:
	Interpretation of ACBW ->
	ACBW depends on UL CA configuration alone, without regard to activation or allocation. (subsection 2.1.1)
	ACBW depends only on the actively allocated CCs in the UL CA configuration (subsection 2.1.2)

	Proposed definition of ACBW, consistent with interpretation
	the RF bandwidth in which a UE transmits and receives occupied by multiple all configured contiguously aggregated carriers
	 (no change required)

	Proposal to close any emissions loopholes

	Standard needs a new requirement applicability limitation conveying:
UE requirements are valid only when CA configuration is limited to operator’s licensed spectrum
	(no change required)

	…
	…
	…



Proposal 1: RAN4 chooses one of the interpretations of table 2.3-1 (above). The standard shall be amended with all clarifying proposals in the rows associated with the column choice in the table.
Note that in FR2, UL is considered ‘CA’ even if only one CC is configured for UL, but DL is configured for multiple CCs (CA). Regardless of interpretation chosen, the standard must be amended to accommodate single CC UL as a possible CA configuration. Currently the standard always assumes UL CA consists of multiple contiguous UL CCs.
Observation 4: The emissions requirements in the standard need to be amended to allow the UL CA configuration to consist of a single UL CC
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Aggregated Channel Bandwidth: The RF bandwidth in which a UE transmits and receives multiple contiguously
aggregated carriers.
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6.2A.2.1 General

The UE s defined to be configured for CA operation when it has at least one of UL o DL configured for CA. In CA
operation, the UE may reduce ifs maximum output power due to higher order modulations and fransmit bandwidth
configurations. This Maximum Power Reduction (MPR) is defined in subclauses below.
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b) [In case a sub-block comprises of multiple component carriers spectrum emissions mask is defined in subclause
6.5A.2.1 or in case of a single component carrier, the sub-block spectrum emission mask is defined in subclause

6.5.2.1





