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1. Introduction
The PCMAX requirements for EN-DC are not yet included in the 38.101-3 specification.  In this contribution, we study and provide two options for the method by which MPR and A-MPR should be reflected in the PCMAX equations for intra-band EN-DC.  The discussion in this paper assumes that full knowledge of both LTE and NR grants is available and is applicable only to dynamic power sharing capable UE’s.
2. Discussion

MPR and A-MPR for intra-band EN-DC have been included in the 38.101-3 specifications for combinations relating to Band 71/n71 and Band 41/n41.  In deriving the MPR and A-MPR values, assumptions were taken on the initial power of each carrier as well as on how the power backoff is applied.  For example, the initial total power was set to 23 dBm for PC3 or 26 dBm for PC2 and distributed as either equal power between the LTE and NR carriers or equal power spectral density (PSD).  Power backoff was discussed to be either NR backoff only or equal backoff between LTE and NR carriers.  The MPR and A-MPR tables in the current version of the specifications reflect an assumption of equal PSD and equal power backoff between the two carriers.  The PCMAX requirements relate this MPR and A-MPR to the maximum output power.  
2.1. Two options for PCMAX
MPR/A-MPR is a power backoff to maximum output power that is captured in the lower bound of maximum configured output power, PCMAX_L.  For example, for single carrier LTE, PCMAX_L,c is defined as shown below where the backoff for MPR and A-MPR is highlighted below.

PCMAX_L,c = MIN {PEMAX,c – TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}

For EN-DC, configured maximum output power is not yet completed in sub-clause 6.2B.4 of TS 38.101-3 v15.2.  However, it is anticipated that a similar PCMAX_L term will incorporate the MPR and A-MPR power backoff allowances.  It is not yet agreed whether in addition, there will be specified PCMAX requirements when EN-DC is configured for each of the cell groups as well.  We first consider the case where only a composite EN-DC PCMAX requirement is specified.  In this case, we have the lower limit of PCMAX defined as follows (simplified to show only the terms related to MPR and A-MPR)
PCMAX_L,ENDC = PPowerClass_ENDC –  (MPRENDC + A-MPRENDC).

The MPRENDC and A-MPRENDC are read from the specifications, for example, from sub-clause 6.2B.3.1.1 of 38.101-3 for DC_(n)71B.  How the PCMAX_L,ENDC is split between the MCG and SCG is not specified.  It is anticipated that the UE will adhere to individual power control commands independently received on each cell group, but if the power control commands lead to a situation where a composite PCMAX_L,ENDC is exceeded, the method of power scaling or dropping is described according to RAN1 specifications in 38.213.  Of course, all associated emission and signal quality requirements must be met for which additional constraints may apply, such as synchronized operation between the two cell groups (especially for EN-DC with single PA) and restrictions on the difference between PSD’s to avoid EVM degradation.  PCMAX_L,LTE and PCMAX_L,NR can both be set to PCMAX_L,EN_DC as needed for PHR calculation and a single PUMAX is defined which represents the total measured configured maximum output power and is lower bounded by PCMAX_L, ENDC with tolerance.
Option 1:  MPR and A-MPR as specified in 38.101-3 apply to the composite PCMAX_L,ENDC for the UE.  Measured configured maximum output power PUMAX is defined as a composite requirement. 
A second approach is to specify in the requirements not only the composite PCMAX, but also PCMAX requirements for each of the cell groups when EN-DC is configured.  This second approach more strongly enforces the equal PSD assumption that was taken in deriving the MPR and A-MPR values.  The role of the equal PSD and equal power backoff assumptions in this context are further explained.  Equal PSD means that the power distribution between the LTE and NR carrier is such that the power density (power per RB) is constant.  Therefore, unless the transmission bandwidths are the same for LTE and NR, the power will not be distributed equally to both.  A simple example is where the transmission bandwidths are the same.  For PPowerClass_ENDC = 23 dBm with PPowerClass_LTE = PPowerClass_NR = 23 dBm, the maximum power for equal bandwidth transmissions would be distributed as 20 dBm for LTE and 20 dBm for NR to maintain equal PSD.  For an example where the transmission bandwidths are not the same, the maximum power for the same UE might be distributed as 22 dBm for LTE and 16 dBm for NR.  In the first option, how this power is split is unimportant (subject to constraints on synchronization and EVM as stated above) since it is the composite power that is specified.  However, in the second option, the power split is included in the specifications.  For the sake of illustration, we define composite PCMAX as well as separate PCMAX for LTE and NR as follows
PCMAX_L,ENDC = PPowerClass_ENDC –  (MPRENDC + A-MPRENDC)

PCMAX_L,LTE = PPowerClass_LTE – PSplit,LTE – (MPRLTE + A-MPRLTE)

PCMAX_L,NR = PPowerClass_NR –  PSplit,NR – (MPRNR + A-MPRNR)

To clarify the notation, the parameters identified above for LTE and NR correspond to those values for the LTE carrier and for the NR carrier, respectively, when EN-DC is configured.  These are not necessarily the same value for the LTE and NR carriers when they are operating standalone.  For example, PPowerClass_LTE, PPowerClass_NR, and PPowerClass_ENDC correspond to the power classes as defined in Table 1 from [1] where the LTE power class and the NR power class for EN-DC may not necessarily be the same as standalone power classes.   Furthermore, the PPowerClass values may be overcome by configuration parameters PLTE and PNR, but for the purpose of illustrating the relationship of MPR and A-MPR to PCMAX_L, those aspects are neglected.
	Option
	EN-DC power class
	LTE power class
	NR power class

	A
	PC3
	PC3
	PC3

	B
	PC2
	PC2
	PC3

	C
	PC2
	PC3
	PC2

	D
	PC3
	PC2
	PC3

	E
	PC3
	PC3
	PC2

	F
	PC2
	PC2
	PC2

	G
	PC3
	PC2
	PC2

	H
	PCX (>PC2)
	PC2
	PC2

	I
	PC2
	PC3
	PC3


PSplit,LTE and PSplit,NR represent the sharing of power between the two carriers and is a dynamic variable based on uplink grant in the case of equal PSD.  For example, if the power was shared equally between the two carriers, PSplit,LTE = PSplit,NR = 3 dB.  If the PSD is equal between the two carriers, PSplit,LTE  = 10*log10((LCRB,LTE+LCRB,NR)/LCRB,LTE) and PSplit,NR = 10*log10((LCRB,LTE+LCRB,NR)/ LCRB,NR).  However, PSplit is subject to the PPowerClass of LTE and NR.  For example, if PPowerClass of LTE and NR are already signaled to -3 dB compared to PPowerClassENDC, then PSplit can be reduced by up to 3 dB so long as PSplit does not become negative.  PSplit cannot become negative since this would imply that the power backoff on that carrier would be taken with respect to a power higher than its PPowerClass.  The simulations assume PA sizing according to its PPowerClass.  So, we have
PSplit,LTE  = max(10*log10((LCRB,LTE+LCRB,NR)/LCRB,LTE) – (PPowerClass_ENDC – PPowerClass_LTE), 0) and

PSplit,NR  = max(10*log10((LCRB,LTE+LCRB,NR)/LCRB,NR) – (PPowerClass_ENDC – PPowerClass_NR), 0).
Of course, this formulation requires knowledge of both LTE and NR allocations, which may not be available to the LTE modem at the time it calculates its transmission power and power headroom.  

With the above understanding, the assumptions of equal PSD and equal backoff in the MPR and A-MPR derivations can be applied as follows.  The equal PSD assumption implies a particular Psplit partitioning of power; namely, PSplit,LTE  = 10*log10((LCRB,LTE+LCRB,NR)/LCRB,LTE) and PSplit,NR = 10*log10((LCRB,LTE+LCRB,NR)/ LCRB,NR).  The equal backoff assumption implies that MPRENDC = MPRLTE = MPRNR and A-MPRENDC = A-MPRLTE = A-MPRNR.  The values of PCMAX_L,ENDC, PCMAX_L,LTE, and PCMAX_L,NR can then be computed.  These PCMAX values apply and define maximum power bounds for the LTE and NR carriers as well as the composite EN-DC transmission regardless of the actual PSD.
With the power split inherent in the per-CG PCMAX definitions, however, come additional challenges to handle cases where NR is dropped, or allocations and therefore power split change between symbols of a slot, etc.  A single PUMAX is defined which represents the total measured configured maximum output power and is lower bounded by PCMAX_L, ENDC with tolerance.
Option 2:  MPR and A-MPR as specified in 38.101-3 apply to the composite PCMAX_L,ENDC for the UE as well as to each cell group.  The allocation of power to each cell groups is according to equal PSD and is included in the PCMAX equation for each cell group.  
2.2. Recommendation

Both of these options relate the MPR and A-MPR to the composite PCMAX_L,ENDC.  Option 2 includes a more explicit dependence on the equal PSD assumption with which the MPR and A-MPR were derived by splitting the power between the cell groups accordingly.  Option 1 is simpler to implement into the specifications and it is unclear what additional value Option 2 brings for the added complexity.  The PCMAX equations do not specify power sharing behavior, that is specified in RAN1.  Moreover, the RAN4 requirements for PCMAX apply regardless of the requested power split on the CG’s by individual power control (within a range limited by EVM degradation).  Therefore, linking PCMAX to equal PSD power sharing does not appear to be necessary in the RAN4 specifications.  Our recommendation is Option 1.
Proposal:  Option 1 is adopted.  PCMAX for intra-band EN-DC shall be defined as a composite requirement without including any power split assumptions in the per-CG PCMAX equations.  PUMAX is taken as a sum across all CG’s and lower bounded by PCMAX_L,ENDC with tolerance.
Proposal:  Simultaneous transmission in both cell groups is only supported when transmissions are synchronized and when the PSD difference between the two carriers is within [FFS] dB.

3. Conclusion

In this contribution, two options are presented for inclusion of MPR and A-MPR into the lower bound for PCMAX.  The first option as recommended in this contribution is that PCMAX requirements be defined for the composite EN-DC transmission based on MPR and A-MPR.  The assumption of equal PSD power split is not included in the PCMAX equations for each cell group since anyways, the RAN4 requirements should apply regardless of how the power is split due to independent power control on the separate cell groups and power sharing behavior is defined in RAN1 rather than RAN4.  There are limitations, however, for simultaneous transmission where the two carriers must be synchronized and the PSD difference does not exceed a FFS range where EVM of the lower power carrier is degraded by the higher power carrier.
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