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1	Introduction 

The IE P-Max has been defined in LTE since Rel-8 [1]. It is used to limit UE's maximum uplink transmission power and corresponds to the parameter PEMAX in TS 36.101 [2]. The UE behaviour based on the original P-Max definition is that when P-Max is absent, the UE applies the maximum power according to its capability as specified in TS 36.101, clause 6.2.2 which should be applicable to all frequency bands. Prior to high power UE (HPUE) was introduced, most networks did not broadcast P-Max as either the PC3 UE maximum output power at 23 dBm was compliant with the regulatory maximum output power limit in certain region/country or there is no specific regulatory maximum output power limit in other regions/countries. However, when PC1 for Band 3, Band 20, and Band 28 was introduced which was after PC1 for Band 14 [3] and PC2 for Band 41 [4] and Band 47 [5], a new approach on specifying HPUE requirements for bands other than Band 41 was proposed and agreed in order to avoid violating the regulation without additional efforts on network side to signal P-Max [6-8]. The proposed approach though might have resolved the potential concern for certain networks, it unfortunately created a split P-Max definitions in TS 36.101. On the other hand, the issue might have been shifted to other networks supporting HPUE for “bands other than Band 41” in the regions/countries without P-Max regulation (such as B14, B31, B38, B40, B42, etc.) if these networks only follow P-Max definition in TS36.331. In this contribution, we provide a summary on how the P-Max definitions have evolved in TS 36.101 and TS 36.331 alongside the introduction of HPUE for certain frequency bands as the background information to draw attention to the potential issue on the networks supporting HPUE. We also propose to have clarifications on the LTE networks supporting HPUE from all the network stakeholders as whether their networks would signal P-Max or not. 
        
2 Discussion

Table 2-1 summarizes the evolvement of the P-Max definitions in TS 36.101 and TS 36.331 alongside the introduction of HPUE for certain frequency bands.

	Document
	Meeting
	Excerpt

	TS 36.101 V8.29.0
	RAN #78
	[image: ]

	TS 36.331 V8.21.0
	RAN #64
	p-Max
Pmax to be used in the target cell. If absent the UE applies the maximum power according to the UE capability.

	R4-126904.zip
	RAN4 #65
	CR for LTE B14 HPUE (power class 1)
No P-Max associated change

	R4-168907.zip
	RAN4 #80b
	Introduction of power class 2 HPUE in Band 41
For a power class 2 capable UE operating on Band 41, when an IE P-max as defined in [7] of 23 dBm or lower is indicated in the cell or if the uplink/downlink configuration is 0 or 6, the requirements for power class 2 are not applicable,and the corresponding requirements for a power class 3 UE shall apply.

	R4-1702211.zip
	RAN4 #82
	CR for Tx RF requirements for high power V2X (Band 47)
No P-Max associated change

	R4-1708015.zip
R4-1610826.zip
R4-1609871.zip
	RAN4 #84
	Introduction of power class 1 HPUE in Band 3, 20 and 28
For each supported frequency band other than Band 41, the UE shall:
1>	if the UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:
2>	if the band is a TDD band whose frame configuration is 0 or 6; or
2>	if the IE P-Max as defined in [7] is not provided; or
2>	if the IE P-Max as defined in [7] is provided and set to the maximum output power of the default power class or lower;
3>	apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in sub-clause 6.2.5;
2>	else (i.e the IE P-Max as defined in [7] is provided and set to the higher value than the maximum output power of the default power class):
3>	apply all requirements for the supported power class and set the configured transmitted power class as specified in sub-clause 6.2.5;

	R2-1803837.zip
R2-1802908.zip
	RAN2 #101
	Correction to handling of p-Max procedure for high-power UEs
p-Max
Pmax to be used in the target cell. If absent the UE applies the maximum power of the default power class for the band used in the target cell, defined according to 36.101[42]. maximum power according to the UE capability.

	R4-1805695.zip
R2-1808882.zip
	RAN4 #86b
RAN2 #102
	LS to RAN2 on P-max procedure for high-power UEs
Correction to handling of p-Max procedure for high-power UEs
p-Max
Pmax to be used in the target cell. If absent, for the band used in the target cell, the UE applies the maximum power according to its capability as specified in 36.101[42, 6.2.2].

	R4-1713999.zip
	RAN4 #85
	Introduction of power class 2 HPUE in Band 38
No P-Max associated change

	R4-1803222.zip
	RAN4 #86
	Introduction of power class 2 HPUE in Band 40 and 42 to 36.101
No P-Max associated change

	TS 36.331 V17.0.0
	RAN #95
	p-Max
Pmax to be used in the target cell. If absent, for the band used in the target cell, the UE applies the maximum power according to its capability as specified in 36.101 [42], clause 6.2.2.



Table 2-1 Evolvement of the P-Max definitions in TS 36.101 and TS 36.331

Based on the information summarized in Table 2-1, we have arrived the following observations:

Observation 1: The new P-Max definition was proposed and agreed in TS 36.101 when PC1 HPUE for Band 3, 20, 28 was introduced which was intended for public safety networks and may not be applicable for commercial networks.

Observation 2: PC1 for Band 14 and PC2 for Band 47 were introduced before the new P-Max definition for “bands other than Band 41”. It is unclear whether Band 14 and Band 47 networks would follow the same P-Max definition as “bands other than Band 41”.

Observation 3: Though PC2 for Band 38, Band 40, and Band 42 were introduced after the new P-Max definition for “bands other than Band 41”, it is unclear whether they would follow the same P-Max definition as “bands other than Band 41” since the networks might already exist prior to the PC2 introduction.

Observation 4: PC1 for Band 5, Band 12, and Band 13 are expected to be introduced in Rel-18 for fixed-wireless/vehicle-mounted use cases. It is unclear whether those networks would follow the same P-Max definition as “bands other than Band 41” to signal P-Max higher than the default power class on the existing networks to support PC1.               

If the aforementioned networks for “bands other than Band 41” would not signal P-Max higher than the default power class, HPUE would never be realized based on the expected UE behavior. Therefore, it is necessary for the concerned LTE network stakeholders to clarify as whether their networks would signal P-Max higher than the default power class or not for supporting HPUE.

Proposal: The concerned LTE network stakeholders to clarify as whether their networks would signal P-Max higher than the default power class or not for supporting HPUE.
  
3	Conclusion

In this contribution, we provide a summary on how the P-Max definitions have evolved in TS 36.101 and TS 36.331 and propose the concerned LTE network stakeholders to clarify as whether their networks would signal P-Max higher than the default power class or not for supporting HPUE.

Observation 1: The new P-Max definition was proposed and agreed in TS 36.101 when PC1 HPUE for Band 3, 20, 28 was introduced which was intended for public safety networks and may not be applicable for commercial networks.

Observation 2: PC1 for Band 14 and PC2 for Band 47 were introduced before the new P-Max definition for “bands other than Band 41”. It is unclear whether Band 14 and Band 47 networks would follow the same P-Max definition as “bands other than Band 41”.

Observation 3: Though PC2 for Band 38, Band 40, and Band 42 were introduced after the new P-Max definition for “bands other than Band 41”, it is unclear whether they would follow the same P-Max definition as “bands other than Band 41” since the networks might already exist prior to the PC2 introduction.

Observation 4: PC1 for Band 5, Band 12, and Band 13 are expected to be introduced in Rel-18 for fixed-wireless/vehicle-mounted use cases. It is unclear whether those networks would follow the same P-Max definition as “bands other than Band 41” to signal P-Max higher than the default power class on the existing networks to support PC1.

Proposal: The concerned LTE network stakeholders to clarify as whether their networks would signal P-Max higher than the default power class or not for supporting HPUE.
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‘Where
— Pcvax L=MIN { Pemax— ATc, Ppowerclass— MPR — A-MPR — ATc}
— Pcomax 1 =MIN {Pemax, PpowerClass}

— Pemax is the value given to IE P-Max, defined in [7]




