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1.	Introduction
RAN has enabled RAN4 to discuss specification improvement for the sake of future [1]. In this paper we discuss some of the language that is used in the current specification that causes confusion and problem and some other that may cause different interpretations. 
It should be noted that the technical specifications are used by people that have no exposure to the underlying discussion creating those specifications and as such should be self explanatory. In many cases as we outline in this paper, the specification is understandable only with the presumption  that the reader has information from the process that resulted in to this language. 
2. 	Discussion
2.1	Ambiguous wording on applicability of requirements
Continuing the discussion in [3] and focusing on CA sections, we discuss and propose possible corrections for applicability of the requirements. We discuss inter-band, intra-band contiguous and intra-band non-contiguous separately but common to all three cases, all requirements should follow the how the ambiguous wording will be corrected. Note that the discussion under Power_Limit_CA_DC is about power class applicability that is enclosed in this discussion. 

2.1.1	Inter-band CA
Inter-band CA in LTE was defined with static power control i.e. the maximum power for each cell is limited by assuming maximum power on the other cell/band. 
For NR, a dynamic power sharing was introduced where in the absence of UL grant on the other cell/band allows UE to use power up to the defined power class on the other band. This implies that the UE has knowledge of the each transmission occasions between the two bands. This is also how the Ran1 specification with the power control for example clause 7.5 in 38.213 is written, it refers to “respective transmission occasions” as shown below. 

Ran4 specifications for inter-band carrier aggregation use a reference “assigned”. With this information, the inter-band CA requirements should be applicable when there are overlapping transmission occasions in two bands. 

RAN4 specifications therefore are using a language that leave room for interpretation. 
What may have been a source of confusion is that the inter-band CA band combination acronym is referred to as band configuration when exact number of component carriers are included in the acronym, as it is in the column title for Table 6.2A.1.3-1. However, this is just a name, in section 5 in Table 5.2A.2.1-1 inter-band CA combination is referred to as “NR CA band” without the letters and further in section 5.5 they are referred as configurations e.g. in Table 5.5A.3.1-1a. 
Proposal 1: Update all uplink inter-band CA requirements to align with RAN1 specifications to apply when there are simultaneous transmission occasions on two bands. 
2.1.2	Intra-band contiguous
Intra-band contiguous CA is mildly clearer situation. The MPR section refers to allocation which alone might imply that RAN4 intra-band CA requirement should apply only when both CCs are allocated, similarly to the inter-band CA. 

However, further in the MPR section contiguous intra-band CA allocation is defined also when one CC has no allocation (LCRB,c=0) requirements:

RAN4 RF experts who followed the MPR derivation, may also remember the issue that MPR was developped for one DC location (carrier leakage) alone and 3GPP has no method to indicate a DC location based on allocation. Therefore it can be considered that the intra-band contiguos CA requirements apply when UE is configured and activated for two uplink CCs on same band that are withing nomilan channel spacing from each other. 
Proposal 2: Intra-band contiguous CA requirements apply when UE is confgired/activated for two uplink CCs 

2.1.3	Intra-band non-contiguous
Intra-band contiguos is slighlty more complicated that its contiguous counterpart. In MPR section for dualPA=1, there is a reference that when allocation is only on one CC, the MPR that applies is the single CC MPR.

This implies that the intra-band non-contiguos CA requirements in RAN4 specifications hould apply only when both CCs allocated. It is intuitive since the second carrier leakage that comes from second PA is not present in the antenna connector without allocated UL grant on that CC. However, for dualPA=0, meaning one DC location, the specification continues to specify new MPR greater than the one defined in the single CC MPR sections:
 
This then implies that requirements should apply based on configuration/activation. 
Proposal 3: Intra-band non-contiguous CA requirements apply based on allocation when dualPA=1 and based on configuration/activation when dualPA=0. 
In summary, if any of the proposals 1,2,3 are agreeable, Ran4 should proceed to discussing how the language in the specifications should be updated.
Proposal 4: RAN4 to update specification language according to proposal 1,2 and 3.  
This language update would then also solve the problem of when which power class indication applies. 
2.2	dual TX vs TXD vs PC1.5 vs 2Tx vs UL-MIMO
2.2.1	dualTX
Specification uses the terms in the heading but does not define what dualTX or 2Tx is. If reader was aware of discussions on the corresponding Wis, one maybe aware of the meaning but for a reader outside, these maybe unclear. The problem arises when a requirement applicability depends on these terms.  
A UE with dual Tx indicating the feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the requirement in clause 6.2 for at least one antenna connector when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211].
In Table 6.2.1-1 note5 states for PC1.5
 NOTE 5: Achieved via dual Tx
Which means TxD, in other word transmit antenna port virtualization. 
In practice, dual TX means UE with two antenna connectors and TxD capability means it uses those for single port transmission but the “UE with two antenna connectors” in the above UL MIMO clause means UE that supports 2-layer (or 4-layer) UL MIMO and has two logical antenna port. The usage and relation of dual TX with the TxD should be clarified.
Proposal 5: DualTX reference in conjunction with PC1.5 should be updated to refer to TxD
Proposal 6: Dual TX in conjunction with UL MIMO should be updated to refer to the UE supporting two antenna ports.
For the proposal 6, the exact language should be studies, since in some cases this means UE support maxNumberSRS-Ports-PerResource >1 and in some cases it means maxNumberMIMO-LayersCB-PUSCH > 1 .
2.2.2	Spatial multiplexing scheme
For example in 6.2D.1:
For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme,
Further, in 6.2D.2 same clause uses all the terms. 
For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2D.1-1 is specified in Table 6.2.2- 1for PC3, Table 6.2D.2-1 for 2Tx PC2 when the UE does not indicate ul-FullPwrMode-r16 or ul-FullPwrMode2- TPMIGroup-r16 for the band and Table 6.2.2-2 for 2Tx PC2 when the UE indicates ul-FullPwrMode-r16 or ulFullPwrMode2-TPMIGroup-r16 for the band, Table 6.2D.2-2 and Table 6.2D.2-3 for PC1.5 with dual Tx, Table 6.2D.2-4, 6.2D.2-5 for PC1.5 with 4 Tx respectively.
It is not very clear what is a “UE in closed-loop spatial multiplexing scheme”. As per writers understanding, it is referring to UL MIMO, but under what circumstances the requirements in this case apply. How does UE enter it to the “scheme”? There is a set of capabilities and then a set of configurations and scheduling that happens. 
It is common understand that when UE is configured with 2-logical TX ports but how does the configuration happen exactly should be described here so that the requirement is exactly defined. 
Proposal 7: RAN4 to study how the UL MIMO section requirements should be explicitly defined to rely on terminology aligned with other work groups 
Conclusion
We discussed technical ambiguities in CA clauses and made proposals for clarifications:
Proposal 1: Update all uplink inter-band CA requirements to align with RAN1 specifications to apply when there are simultaneous transmission occasions on two bands. 
Proposal 2: Intra-band contiguous CA requirements apply when UE is confgired/activated for two uplink CCs 
Proposal 3: Intra-band non-contiguous CA requirements apply based on allocation when dualPA=1 and based on configuration/activation when dualPA=0. 
Proposal 4: RAN4 to update specification language according to proposal 1,2 and 3.  
We also discussed dualTX use and made proposals:
Proposal 5: DualTX reference in conjunction with PC1.5 should be updated to refer to TxD
Proposal 6: Dual TX in conjunction with UL MIMO should be updated to refer to the UE supporting two antenna ports.
And lastly we discussed “spatial multiplexing” and proposed 
Proposal 7: RAN4 to study how the UL MIMO section requirements should be explicitly defined to rely on terminology aligned with other work groups 
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7.5 Prioritizations for transmission power reductions
For single cell operation with two uplink ch a total UE transmit power
for PUSCH or PUCCH or PRACH or SRS m a frequency range in a respective

{transmission occasion ¢ would exceed Pemax (@), where Peyax(i) is the linear value of Peyax(i) in transmission
occasion i as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, the UE allocates power to
PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the
total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to Pgyax (i)

for that frequency range in every symbol of transmission occasion i. If the UE transmits SRS on multiple SRS
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6.2A1.3 UE maximum output power for Inter-band CA

For inter-band downlink carrier aggregation with one uplink carrier assigned to one NR band, the transmitter power
requirements in Table 6.2.1-1 apply for power class 3 and other power classes if indicated in clause 5.5A.3.

For inter-band carrier aggregation with two uplink contiguous carrier assigned to one NR band, the transmitter
power requirements specified in subclause 6.2A.1.1 apply.

For inter-] band carrier aggxegauon with two uplink non-contiguous carrier assigned to one NR bang smitter
pow ied in subclause 6.2A.1.2 apply.

UE maximum output power shall be measured over all component carriers from different
bands. If each band has separate antenna connectors, maximum output power is defined as the sum of maximum
output power from each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms).
The maximum output power is specified in Table 6.2A.1.3-1.
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6.2A.2.1 UE maximum output power reduction for Intra-band contiguous CA

For intra-band contiguous carrier aggregatio aximum Power Reduction (MPR) for the maximum
output power in 6.2A.1.1-1 wi cified in Table 6.2A.2.1-1 for UE power class 3 CA
bandwidth classes B and C. The MPR us RB allocation is specified in Table 6.2A.2.1-1a for power

class 2 CA bandwidth classes B and C when the signalling is absent for dualPA-Architecture 1E, and for power class
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For CA bandwidth class B and bandwidth class C with contiguous RB allocation, the following parameters are
defined to specify valid RB allocation ranges for Inner and Outer RB allocations:

An RB allocation is contiguou
RBsur2 = 0), where RBsuni, Lerst, an
component carrier with lower frequency.

r (Lersi # 0 and Lers2 # 0 and RBsun + Lersi = Nisi and

RBI for CC1, RBsun2, Lers2, and Nre: are for CC2, CC1 is the
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6.2A2.2.0 General
For intra-band non-contiguous CA, the allowed Maximum Power Reduction (MPR) for the maximum output power
is specified into 2 types: MPR to meet -30dBm/MHz and -13dBm/MHz. The UE determins the MPR type as
follows:
For UE indicating dualPA-Architecture supported
IFOR (Lot = 0. Lo =0)
MPR defined in Table‘ and Table 6:2:2:2 for PC3 and PC2 UE respectively
Else If AND( Fins tow blocklow > SEM-13.10w . FiM3unigh block high < SEM.-13.nigh )
MPR defined in Clause 6.2A.2.2.2.1 and Clause 6.2A.2.2.2.2 for PC3 and PC2 UE respectively.
Else

MPR defined in Clause 6.2A.2.2.1.1 and Clause 6.2A.2.2.1.2 for PC3 and PC2 UE respectively.
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For UE without indicating dualPA-Architecture supported
If OR( Lewst = 0, Lerga=0)
For PC3 UE, MPR defined in Table 6.2.2-1, éxcept for B < 9 MHz where 5.5 dB MPR is used;
For PC2 UE without indicating 7D, MPR defined in Table 6.2.2-2 is used, except for B< 11.52 MHz
where 6.5 dB MPR is used;
For PC2 UE indicating 7xD, MPR defined in Table 6.2D.2-1 is used, _MHZ
where the maximum value between 6.5 dB and MPR defined in Table 6.2D.2-1 is used.
Else If AND( Fins tow blocklow > SEM.13 10w, Finta high blockhigh < SEM.13 nigh )

MPR defined in Clause 6.2A.2.2.2.3 and Clause 6.2A.2.2.2.4 for PC3 and PC2 UE respectively.




