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Introduction
The FR2 UE Min. Output Power Requirement (‘Pmin’) requirement captured in subsections 6.3.1 and 6.3A.1 of TS 38.101-2 seem inconsistent when viewed as a Tx SNR requirement. In this contribution we discuss a way to make the Pmin requirement consistent across all use cases while providing benefit to both UEs as well as networks.
Discussion
For the sake of compactness, we address PC3, but the arguments are trivially extended to other power classes.
Pmin Inconsistency
Important system performance metrics like cell size, spectral efficiency, etc are governed by PSD rather than the absolute signal power, due to existence of noise floors like thermal, or those pertaining to data conversion. It is commonly understood that reducing the allocation helps with the listed metrics, which in effect increases the PSD for a given power level. This is also true inside the UE transmit chain at lower output powers, where signal power is accompanied by thermal and conversion floors. Tx EVM at low output power is directly related to Tx signal-to-thermal-noise ratio, which is determined by PSD of signal rather than power. 
Figure 2.1-1 show a graphic comparison of PSD at Pmin by CC bandwidth, as captured by section 6.3.1. When the PSD of the signal is viewed in relation to the Tx noise floor, it becomes evident that the Pmin requirement has a different Tx SNR outcome for different bandwidths.
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Figure 2.1-1: Single CC EIRP PSD requirement at Pmin, PC3
Observation 1: The Pmin requirement represents inconsistent Tx SNR outcomes across CC bandwidths
Section 6.3A.1 of TS38.101-2 captures the requirement for CA, where single CC limits have been adopted on a per CC basis. This specification gives rise to another disconnect, between the Pmin for a single CC and Pmin for a CA configuration of equivalent bandwidth. See figure 2.1-2 for a graphical explanation of an example case comparing 2x100 CA and a 200M single CC. A practical UE would use the same general settings for both configurations, meaning the Tx noise floor would be identical, so the Tx SNR outcomes would be identical. The network would also make the same SNR demand for both cases, i.e the system cannot get by with lower SNR for the single CC case. Consequently, there is no justification for the discrepancy. This difference can be as much as 6 dB, when comparing 4x100 with 400, or 4x50, with 200, based on existing contiguous BW classes. This number has the potential to grow to 9 dB based on worst case channel bandwidth ratio (10log(400/50)).
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Figure 2.1-2: PSD requirement at Pmin comparison for single CC and CA of equivalent BW
Observation 2: The Pmin requirement for the entire UL is different depending on whether a single CC or multiple narrower CCs make up a given UL signal bandwidth
Finally, a note on the requirement for UL MIMO. While the wording of the Pmin specification did not enjoy clarification recently made to the min. peak EIRP and MPR requirements [1], the intent remains that Pmin requirement be observed when UE is configured for 2 ports and is transmitting on 2 layers. The requirement therefore suggests that the limit is -16 dBm per CC (per layer).
Observation 3: The per CC Pmin requirement is inconsistent between single layer and 2 layer UL.
How to make Pmin consistent across all use cases?
The problems noted in the observations above are all rooted in the fact that most systems, including the UE itself, are focused on optimizing or preserving SNR, which is dictated by signal PSD, while the Pmin requirement applies to the signal power rather than the signal PSD. It is therefore worthwhile for RAN4 to discuss if the Pmin requirement can be streamlined in a way to make it valuable for all stakeholders.
Recall that MPR is used at the top of the UL power range to ensure all allocations are equally challenging and no one use case (allocation) strongly dictates the PA’s sizing. Likewise, at the low end of the Tx power range, the Tx SNR requirement should be equally challenging for common UE configurations (different channel BWs). For a fixed noise floor determined by a UE’s Tx chain, the requirement can be made equally challenging for all channel BWs by adopting the same signal PSD, corresponding to a target EVM. In other words, adopting a BW-sensitive Pmin requirement may be a more optimal arrangement. A narrower CC would be held to a lower power for EVM compliant Pmin, while a wider CC would be allowed a higher Pmin in proportion to its bandwidth.
Value proposition
The current PC3 specification requires all three mandatory channel bandwidths (50M, 100M and 200M) to demonstrate a QPSK EVM compliant Pmin of -13 dBm. Since many deployments depend on 50M channels, network planning is already geared to handle UE Pmin of -13 dBm/50 MHz. It would follow then that -13dBm/50 MHz can be used as the PSD criterion for Pmin. This type of specification streamlining allows for future UE Tx chain simplification but provides no meaningful network benefit. Recall that a UE can also sustain -13 dBm/100 MHz at Pmin per current requirement. To also provide network benefit with this type change, the PSD criterion could be instead set to -13 dBm/ 100 MHz. This arrangement would tighten the Pmin requirement for 50 MHz and remain unchanged for 100M channels. Table 2.3-1 captures the proposed Pmin limit reflecting a Pmin PSD criterion of -13 dBm/100 MHz:



	BWchannel
	Pmin, prior to 2021 (dBm)
	Proposed Pmin (dBm)
-13 + 10log(BWchannel/100 MHz)
	Notes

	50 MHz
	-13
	-16
	Network benefit

	100 MHz
	-13
	-13
	(no change)

	200 MHz
	-13
	-10
	UE benefit

	400 MHz (optional)
	-13
	-7
	UE benefit


Figure 2.3-1: Proposed Pmin limit
This single CC Pmin proposal, being PSD based, scales gracefully with bandwidth, so no change would be required to the CA Pmin spec. To clarify, 4 x 100 MHz CA would now have the same Pmin requirement as a single 400 MHz channel with the proposal, so the conflict in observation 2 would be addressed also. 
Proposal 1: For PC3, adopt a Pmin per CC limit as -13 + 10*log(BWchannel /100 MHz) dBm.
The per CC Pmin can be extended to UL MIMO by drawing parallels to the CA Pmin requirement. Recall that CA Pmin requirements apply per CC, i.e the requirement scales by baseband BW. Consistency would be achieved for UL MIMO Pmin requirement if it too is scaled by baseband BW. For example, for a 2L case of 50 MHz CCs, the Pmin would be based on 2*50 MHz =100 MHz, i.e -13 dBm.
The parameter ‘number of layers’ is already used in TS38.101-2 sub clause 6.2D.1.0 and can be reused to implement the requirement scaling.
Proposal 2: For PC3, make the UL MIMO Pmin requirement (6.3D.1) consistent with the UL CA Pmin requirement by scaling it with baseband BW:  ‘The minimum output power shall not exceed -13 + 10*log(Number of UL layers * BWchannel /100 MHz) dBm.’
Conclusion
The FR2 UE Min. Output Power Requirement (‘Pmin’) requirement captured in subsections 6.3.1 and 6.3A.1 of TS 38.101-2 are inconsistent when viewed as a Tx SNR requirement. 
Observation 1: The Pmin requirement represents inconsistent Tx SNR outcomes across CC bandwidths
Observation 2: The Pmin requirement for the entire UL is different depending on whether a single CC or multiple narrower CCs make up a given UL signal bandwidth
Observation 3: The per CC Pmin requirement is inconsistent between single layer and 2 layer UL.
We showed that the Pmin requirement can indeed be made consistent across all use cases while providing benefit to both UEs as well as networks.
Proposal 1: For PC3, adopt a Pmin per CC limit as -13 + 10*log(BWchannel /100 MHz) dBm.
The UL CA Pmin requirement scales by baseband BW due to its ‘per CC’ specification. For consistency, UL MIMO Pmin requirement is also proposed to be scaled by baseband BW:
Proposal 2: For PC3, make the UL MIMO Pmin requirement (6.3D.1) consistent with the UL CA Pmin requirement by scaling it with baseband BW:  ‘The minimum output power shall not exceed -13 + 10*log(Number of UL layers * BWchannel /100 MHz) dBm.’
The proposals are captured in a companion CR [2]
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