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1.	Introduction
In RAN#103 a new work item was created to study HPUE for carrier aggregation for terrestrial networks. In this paper we present our preliminary views on issues that need to be studied in this work item.  
2. 	Discussion
2.1 Power class 1.5 for intra-band contiguous and non-contiguous CA with 2 Tx
As UL coverage is crucial for 5G operation there has been wide interest in obtaining higher output power. In release 18 PC1.5 for band combinations with one TDD UL carrier was introduced along with PC1.5 operation for 3 Tx for inter-band UL CA which is limited to certain band combinations. The baseline architecture proposed for HPUE operation is 2Tx PC1.5 intra-band TDD operation in either contiguous or non-contiguous CA mode. To come up with MPR/A-MPR, and SAR specifications for such a configuration several TDD bands would have to be studied. In the [1] several example bands have been suggested for contiguous CA operation as indicated below:
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Based on [1] it is proposed that bands CA_n41B also be studied alongside CA_41C for the sake of completeness for setting specifications for PC1.5 contiguous CA intra-band operation. 
Proposal 1: Add a lower BW band combination like CA_41B for completeness to the list of example band combinations for the 2Tx HPUE PC1.5 contiguous intra-band CA objective.
Also, in [1] several example bands have been suggested for non-contiguous CA operation as indicated below:
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It is suggested that a lower frequency band be added to the list of band combinations for studying intra-band PC1.5 non-contiguous operation to get better frequency coverage. An example of this additional band combination could be CA_n41(2A).  
Proposal 2: Add a lower frequency band combination like CA_41(2A) to the list of example band combinations for the 2Tx HPUE PC1.5 non-contiguous intra-band CA objective. 
2.2 Feasibility of increasing UE transmission power limit for intra-band CA
The underlying goal of this objective is to fully utilize the UE’s UL capability in each band when it operates in inter-ULCA mode, and this can be achieved by expanding applicability of the capability higherPowerLimit-r17 [1]:
	· Specify the generic requirements of high power UE (HPUE) for NR uplink (UL) CA in FR1 and EN-DC with NR FR1 bands
· …
· Investigate and if feasible, support increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE with the different existing power classes which have already been specified
· …




The applicability of the capability higherPowerLimit-r17 to any band combination is gated by unambiguous definition of the compliance requirements. The transmit-side requirements are unambiguously specified in context of higherPowerLimit-r17 and are not discussed further here.
The receiver-side requirements however are complicated by the fact that all existing MSD test cases in Rel-18 explicitly call out the power class of each UL band in the UL CA configuration. In other words. the requirements are not sufficiently general from the perspective of accommodating multiple different power class aggregations as is intended with the general application of higherPowerLimit-r17 – for example it is not evident what requirements would apply for a future UE with a CA PC of 1.5 and consisting of a PC1.5 + PC2 combination. 
With the understanding that MSD requirements are the gating factor for general application of higherPowerLimit-r17, one potential solution is to proliferate MSD test conditions for every foreseeable power class aggregation case, but this is clumsy, error-prone and does not scale well. The alternative is to make some RAN4-level policy changes as it pertains to MSD test case definition: trading MSD test case coverage thoroughness for expanded applicability of higherPowerLimit-r17 to more power class aggregations. 
Observation 1: A practical way to enable generalized applicability of higherPowerLimit-r17 across different power-class aggregations is to minimize the definition of new MSD test cases for new power-class aggregations.
The ‘MSD policy-change’ approach for Rel-19 is intended to be built on top of the Rel-18 MSD test case specification. Its focus would be on what specific conditions warrant a new MSD test case. For example, if an MSD test case exists for a PC1.5 CA power class UE comprising a PC3 band and PC1.5 band, does a new case need to be defined when the same UE is now enabled to support per-band power classes of PC2 and PC1.5, respectively?
An example set of principles to determine when new cases are necessary is presented below. The principle would have to be developed further into rules for details like number of UL chains, etc. This type of streamlining activity is important with a view to the future, as maintenance of the MSD requirement set gets progressively more impractical.




	Condition
	Sub-condition
	Possible avenue for Rel-19 (for each MSD mechanism) 
	Justification 

	The inter-band band CA combination already has  MSD allowances
	a higher power class for one of the UL bands is specified relative to the test case
	no new MSD requirements are introduced
	De-sense has predictable dependence on UL power levels, so no new information will be known if legacy convention is followed. De-sense levels for higher power classes can be extrapolated by the gNB

	
	a lower power class for one of the UL bands is specified relative to the test case
	Option 1: no new MSD requirements are introduced
Option 2: New test case and lower MSDs are specified
	Option 1 amounts to a possible relaxation for the UE, but this is better than option 2
Option 2 amounts to low-value test case proliferation, because the network is already accustomed to higher MSD. Not preferred.

	
	Power classes for both the UL bands are different from the test case
	no new MSD requirements are introduced
	Based on reasoning in the previous two rows

	The inter-band band CA combination is specified but does not have MSD allowances
	a higher power class for one of the UL bands is specified relative to the defined per-band power classes
	Option 1: no new MSD requirements are introduced
Option 2: New test case is defined
	Option 1 amounts to turning a blind eye to a potential performance shortcoming that the network should be aware of. Not preferred.
Option 2 can be handled in a basket WI

	
	a lower power class for one of the UL bands is specified relative to the defined per-band power classes
	no new MSD requirements are introduced
	Trivial case

	
	At least one of the UL bands is specified with a higher power class relative to the defined per-band power classes
	New test is defined
	Based on reasoning in the previous two rows

	The inter-band CA combination is new to TS38.101-x
	
	New MSD requirements are necessary to evaluate
	can be handled in a basket WI



Proposal 3: For Rel-19, RAN4 to identify the additional conditions that must also be met before a new MSD test case is justified in context of a new power class aggregation for an already specified ULCA inter-band combination. For example, if an MSD test case exists for a PC1.5 CA power class UE comprising a PC3 UL band and a PC1.5 UL band, does a new case need to be defined when the same band combination is enabled for PC2 + PC1.5 UL? 
Conclusion
In this paper we further discuss our preliminary views on the study of HPUE for carrier aggregation for terrestrial networks and we make the following proposals: 
Proposal 1: Add a lower BW band combination like CA_41B for completeness to the list of example band combinations for the 2Tx HPUE PC1.5 contiguous intra-band CA objective.
Proposal 2: Add a lower frequency band combination like CA_41(2A) to the list of example band combinations for the 2Tx HPUE PC1.5 non-contiguous intra-band CA objective. 
Observation 1: A practical way to enable generalized applicability of higherPowerLimit-r17 across different power-class aggregations is to minimize the definition of new MSD test cases for new power-class aggregations.
Proposal 3: For Rel-19, RAN4 to identify the additional conditions that must also be met before a new MSD test case is justified in context of a new power class aggregation for an already specified ULCA inter-band combination. For example, if an MSD test case exists for a PC1.5 CA power class UE comprising a PC3 UL band and a PC1.5 UL band, does a new case need to be defined when the same band combination is enabled for PC2 + PC1.5 UL? 
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   Specify the requirements for intra - band UL non - contiguous CA without UL - MIMO      Example band combinations:       CA_n78(2A), CA_n77(2A) for intra - band uplink non - contiguous CA configurations  
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   Specify the generic requirements of high power UE (HPUE)   for NR uplink (UL) CA in FR1 and EN - DC with NR  FR1 bands      Power class 1.5 (PC1.5) UE for NR TDD  intra - band UL contiguous and non - contiguous CA with 2Tx      Specify the requirements for intra - band UL contiguous CA with or without UL - MIMO      Example band combinations:       CA_n41C, CA_n78C, CA_n77C, CA_n79C for intra - band uplink contiguous CA configurations  


