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1.	Introduction
In this contribution, we identify a problem with re-using the Rel-15 CA MPR table for Rel-16 NC UL CA. We also propose a non-invasive remedy.
2. 	Discussion 
Any MPR or A-MPR proposal for NC CA are not complete without evaluation of the table framework in context of features that are new for Rel-16.
2.1 Problem Definition
CA MPR (and AMPR) tables in TS38.101-2 v15.8 reference cumulative aggregated bandwidth (CABW) in determining MPR, as excerpted below for PC2/3/4 MPR for illustration. 
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Figure 2.1-1: CA MPR table for PC2/3/4 in TS38.101-2 v15.8
The CABW is defined as the frequency band from the lowest edge of the lowest CC to the upper edge of the highest CC of all UL and DL configured CCs. We analyse this table and the choice of CABW as an MPR determining parameter for various practical rel-16 UE implementations in subsections below. 
2.1.1 	UEs with common R/T LOs
UEs with common R/T LO must contend with an IF BW determined by the wider of DL frequency separations and UL aggregated BW, rather than the UL aggregated BW alone. Consequently, the CABW parameter was an apt driving parameter for determining MPR in Rel-15. Development of a parallel feature in Rel-16, ‘DL CA BW enhancement’, complicates this construct, however.
For Rel-16, ‘DL CA BW enhancement’ establishes two distinct types of UE DL spectrum capability [1]:
· Carried over from Rel-15: Bidirectional spectrum, where a UE can support a DLCC with the option of a same-frequency UL CC 
· New to Rel-16: DL-only spectrum where a UE can support a DLCC but cannot support a matching UL CC
Since the definition of CABW preceded the creation of the DL-only spectrum capability of the UE, CABW is not equipped to handle this distinction in DL spectrum capability of the UE. 
Observation 1: CABW does not distinguish between the UE’s separate capabilities to support bidirectional DL spectrum and DL-only spectrum, respectively.
In practical UE implementations, DL-only spectrum would typically be implemented by addition of multiple parallel receive chains [2]. These additional Rx chains would need unique LOs to cover additional spectrum, i.e these LOs are not shared with the Tx chain. In these UEs, a PA’s back-off requirements remain tied to the size of the bidirectional spectrum associated with the shared LO and remain insensitive to the presence of additional parallel Rx chains. 
Observation 2: For UEs with common R/T LOs, back-off requirements depend on the size of the bidirectional spectrum and remain insensitive to the presence of additional parallel Rx chains to support DL-only spectrum. 
From the two observations above, it follows that for Rel-16, CABW is no longer viable as the determining parameter for CA MPR for Rel-16. 
Observation 3: For Rel-16, CABW is obsolete as the determining parameter for CA MPR. 
2.1.2	UEs with distinct LOs for Rx and Tx
These UEs successfully separate the demands made on the hardware by the UL and DL CA configurations; their UL chain uses an IF BW determined by the UL CA config alone, and remains independent of the DL CA configuration. For these UEs then, the appropriate driving parameter for determining back-offs is UL aggregated BW (contiguous CA) or UL frequency separation (NC CA). Here, ‘UL frequency separation’ is intended to convey the frequency span between lower edge of lowest component carrier and upper edge of highest component carrier in UL CA configuration.
Observation 4: For UEs with distinct R/T LOs, back-off requirements are tied to the Tx IF BW, which is determined by the UL CA configuration alone, and independent of DL CA configuration
2.2 A replacement for CABW
Considering observation 3, it is now necessary to identify an appropriate parameter as a replacement for CABW for MPR and A-MPR tables. 
During development of the DL CA BW enhancement feature, it was established [3] to limit the UE’s UL coverage spectrum to lie inside the UE’s DL coverage spectrum for Rel-16, like it did for Rel-15. This clarification helps greatly in the effort to recover from the obsolescence of CABW.
2.2.1 	UEs with common R/T LOs
In observation 2, we established that a common LO UE’s back-off requirement is driven by the size of its bidirectional capability.  How do we identify a UE’s bidirectional spectrum capability? 
In a companion contribution, we analyze this question and set in place some important definitions [5], including:
[bookmark: OLE_LINK21]Proposal 1: (Definition) ‘DL frequency separation’ is the frequency span between lower edge of lowest component carrier and upper edge of highest component carrier in DL CA configuration, limited by the DL frequency separation class declaration.
For common LO UEs, the CA-MPR tables for rel-16 can now be referenced more precisely by DL frequency separation instead of CABW. This parameter change also allows development of the parallel DL CA BW enhancement feature to not impact NC UL CA in the future. 
Observation 6: For UEs with common R/T LOs, DL frequency separation can replace CABW in the MPR tables for CA operation.
2.2.2	UEs with distinct LOs for Rx and Tx
In contrast to common LO UEs, (see sub-section 2.1.2) a UE with distinct R/T LOs have PA back-off requirements that depend on the UL CA configuration alone and are independent of the DL CA configuration. Given that the spectrum occupied by the UL CA configuration is a subset of the DL frequency separation, and that MPRs are seldom (‘never’ in this context) less for wider BWs, UEs with distinct R/T LOs can also use DL frequency separation to determine MPRs. 
Observation 7: UEs with distinct R/T LOs can also use DL frequency separation to determine MPR
For Rel-16, there was consensus to include the following values for frequency separation class [4], note that UL frequency separation is limited to 1400 MHz, while DL frequency separation can extend to 2400MHz:
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From observation 3, it follows that UEs with distinct LOs for Rx and Tx need CA MPR values up to and including 1400 MHz, regardless of their choice of DL frequency separation class declaration. If the CA MPR table in the standard is indeed driven by DL frequency separation as suggested above, MPR values for these UEs for >1400MHz DL frequency separation can adopt values used for 1400MHz without loss of generality.
Observation 8: For UEs with distinct R/T LOs, if DL frequency separation replaced CABW in the MPR tables, MPR for DL frequency separation >1400MHz can adopt values used for 1400MHz
This observation is not valid for common LO UEs however, because of their true dependence on DL frequency separation, even if UL frequency separation is capped at 1400 MHz.
2.3 Proposed Solution
The discussion in 2.2.1 and 2.2.2 suggests that a common implementation-agnostic solution is possible to update the CA MPR tables for Rel-16. The same reasoning can be extended to A-MPR tables. The key change to streamline the requirement for Rel-16 is a move away from CABW to DL frequency separation 
Proposal 1: MPR and A-MPR tables shall be changed to depend on ‘DL frequency separation’, instead of ‘Cumulative Aggregated BW’
Note that ‘DL frequency separation’ can be further specialized to DL aggregated BW when the context is contiguous DL CA. Such is the case for special MPR handling of contiguous UL allocation contained inside a CC, in case of CA. 
Observations 5 and 6 allow for an implementation-agnostic requirement
Proposal 2: MPR (and A-MPR, if appropriate) tables for NC CA shall accommodate DL frequency separation larger than 1400MHz.
To visualize the solution, the example contiguous CA MPR table in figure 2.1-1 has been used as a basis for the proposed template for CA MPR for NC UL CA for Rel-16. The actual MPR values can be ignored here. The right most column can be broken down into more columns if deemed necessary.
We have incorporated these proposals into a companion draft CR [6] for convenient reference.
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Figure 2.3-1: Proposed template for NC CA MPR table for Rel-16
3.0	Conclusion
We re-evaluated the definition of cumulative aggregated channel BW (CABW) in context of other Rel-16 features and made the following observation:
Observation 3: For Rel-16, CABW is obsolete as the determining parameter for CA MPR. 
Based on definitions and analysis in a companion contribution [5], we concluded that: 
Observation 6: For UEs with common R/T LOs, DL frequency separation can replace CABW in the MPR tables for CA operation.
In contrast to common LO UEs, UE with distinct R/T LOs successfully separate the demands of UL and DL CA configurations respectively. Their PA’s back-off requirements depend on the UL CA alone and are independent of the DL CA configuration. Given that the spectrum occupied by the UL CA configuration is a subset of the DL frequency separation, and that MPRs are seldom less for wider BWs, UEs with distinct R/T LOs can also use DL frequency separation to determine MPRs, for an implementation agnostic framework. 
Proposal 1: MPR and A-MPR tables shall be changed to depend on ‘DL frequency separation’, instead of ‘Cumulative Aggregated BW’
Proposal 2: MPR (and A-MPR, if appropriate) tables for NC CA shall accommodate DL frequency separation larger than 1400MHz.
[bookmark: _GoBack]Note that ‘DL frequency separation’ can be further specialized to ‘DL aggregated BW’ when the context is contiguous DL CA. Such is the case for special MPR handling of contiguous UL allocation contained inside a CC. 
We have incorporated these proposals into a companion draft CR [6] for convenient reference.
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Table 6.2A.2.4-1: Maximum power reduction (MPRc_ca) for UE power class 3
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* For Rel-16, extend the frequency separation class definition to include the following
values for frequency separation ‘Fs’: {800, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400}
MHz

* Fsvalues > 1400 MHz apply to downlink frequency separation only




