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1. Introduction
In defining MPR and A-MPR allowances for intra-band EN-DC, RAN4 has taken an assumption that the PSD’s are equal between the two carriers.  In response to [1], RAN1 has engaged in an email discussion (summarized in [2]) where one of the aspects discussed is the equal PSD assumption and what its implication is.  This contribution elaborates on the meaning of equal PSD in the RAN4 context and provides a proposal for how the MPR/A-MPR can be captured in the PCMAX specifications.
2. Discussion

2.1. Interpretation of derived MPR and A-MPR

In deriving MPR and A-MPR for intra-band EN-DC, participating companies in RAN4 have run simulations and/or taken measurements on the backoff required of the LTE and NR carriers to meet emission requirements.  To perform these simulations and measurements, 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.  
An assumption of equal PSD with equal power backoff means that the MPR and A-MPR values were derived under this assumption.  Certainly, if the operational condition faced by the UE happens to be such that the PSD is equal between the LTE and NR carriers at or near maximum output power, then the MPR/A-MPR can apply directly.  However, there may be some ambiguity about what power backoff should apply in the event that the two carriers do not possess equal PSD.  

To answer this question, it may be helpful to first understand how MPR/A-MPR is related to maximum output power.  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.  A proposal is provided on how to define PCMAX for intra-band EN-DC in [3].  Essentially, the PCMAX_L is specified either for the composite EN-DC transmission or for both the EN-DC transmission as well as the individual transmissions on each cell group.  The same PCMAX requirements apply regardless of the actual power split between the MCG and SCG according to their separate power control commands, whether it is equal PSD or otherwise.  In that sense, the assumption on equal PSD is not limiting to the applicability of the specifications.  However, it is observed that setting the bound on transmission power based on equal PSD may lead to a suboptimal power budget if the transmission power of the UE is limited to the PCMAX_L value.  For example, in conditions other than equal PSD, it may be possible that the UE could transmit with higher power than that defined by PCMAX_L but to do so would not be known to the basestation since PHR for EN-DC may not be well understood across the two cell groups.
Observation:  The derived MPR and A-MPR values contribute in the definition of configured maximum output power lower bound.  This configured maximum output power lower bound applies regardless of the actual power split between the carriers (equal PSD or otherwise).
2.2. Worst case power split
A question was posed in RAN1 discussions [2] whether equal PSD corresponds to a “worst case”.  In other words, does equal PSD require the largest power backoff in order to meet emissions?  The answer is no.  The required backoff to meet emissions is a function of at least the following parameters:  

· total power of the EN-DC waveform, 

· the emission level requirement, 

· the linearity of the device,

· the location of the protection region whether it is symmetric about the ENBW or whether it is located low-side or high-side relative to the EN-DC carriers, 

· how the backoff is taken whether it is equally among both carriers, entirely on one carrier, or distributed in some other ratio between the two carriers,

· the bandwidth of each transmission since the emission limit is a density (i.e., -25 dBm/MHz) rather than total power and therefore the power of intermods may be contained entirely within the measurement bandwidth or extend beyond the measurement bandwidth,

A simplified ideal 3rd order analysis between two tones is shown below.  For the sake of calculation, assume an IP3 of 29 dBm and a target emissions of -25 dBm/MHz.  Since the signals are tones, the total IM energy falls entirely into the 1 MHz measurement bandwidth; no bandwidth correction or scaling factor is needed.  

	P1
	PSplit,1
	MPR1+A-MPR1
	P2
	PSplit,2
	MPR2+A-MPR2
	Ptotal
	IM3L
	IM3H

	20
	3
	
	20
	3
	
	23
	2
	2

	21.2
	1.8
	
	18.2
	4.8
	
	23
	2.7
	-0.3

	11
	3
	9
	11
	3
	9
	14
	-25
	-25

	12
	1.8
	9.2
	9
	4.8
	9.2
	13.8
	-25
	-28


In the event that the starting power of both tones is equal (20 dBm and 20 dBm), the power backoff needed to meet -25 dBm/MHz is 9 dB, applied equally to both tones as seen in the first and third rows in the table.  In the event that the starting power of the two tones is mismatched by 3 dB (21.2 dBm in one tone and 18.2 dBm in the other), the power backoff needed to meet -25 dBm/MHz is 9.2 dB, applied equally to both tones as seen in the second and fourth rows in the table.  Another way to observe this is that the required total power backoff is 9 dB (from 23 dBm to 14 dBm) for equal tones and 9.2 dB (23 dBm to 13.8 dBm) for 3 dB mismatched tones.  Therefore, it can be seen that even in this simplistic case, the equal tone (equivalent to equal power or equal PSD) does not represent the worst case.  In more complex scenarios, the disparity can be larger.  Moreover, it is not possible to generalize any specific power sharing configuration as universally worst case.  Therefore, equal PSD does not represent a worst case for backoff, but the specifications apply nonetheless.  The effect of assuming equal PSD and an approach to improve the flexibility of the specifications in case equal PSD is overly restrictive is presented in [4].
3. Conclusion

This contribution provides an interpretation of the equal PSD, equal backoff assumption used to derive EN-DC MPR and A-MPR requirements.  Equal PSD represents one particular power distribution between the two carriers; however, the specifications should be defined to apply to all power distributions.  It is explained in this contribution that the equal PSD assumption (or any other power distribution assumption) defines the MPR and A-MPR which are ultimately used to define the lower bound on configured maximum output power, PCMAX_L.  Thus, while the defined PCMAX_L may be thought of as being optimized for one particular power distribution and will drive power control towards this distribution, it is applicable regardless of the actual relationship of transmission power on the two carriers.  It is also shown in this contribution that equal PSD is not necessarily the worst case.  In fact, it is difficult to identify a worst case distribution in general.
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