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1. Introduction

In this contribution, we discuss a solution using multiple Pmax signalling to address different cell selection behaviours between PC2 and PC3 UEs at UE side.
2. Discussion
In LTE, power class 3 (PC3 = maximally 23dBm) is default power class, and high power capable UE (e.g. PC2 = maximally 26dBm) assumes 23dBm of output power at maximum if eNB does NOT signal any Pmax value larger than 23dBm via broadcast channels except for band 41 as follows.
	TS36.101-1, Sect. 6.2.2
For each supported frequency band other than Band 41, the UE shall:

-
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:

-
if the band is a TDD band whose frame configuration is 0 or 6; or

-
if the IE P-Max as defined in TS 36.331 [7] is not provided; or

-
if the IE P-Max as defined in TS 36.331 [7] is provided and set to the maximum output power of the default power class or lower;

-
meet all requirements for the default power class of the operating band in which the UE is operating and set its configured transmitted power as specified in sub-clause 6.2.5;

-
else (i.e the IE P-Max as defined in TS 36.331 [7] is provided and set to the higher value than the maximum output power of the default power class):

-
meet all requirements for the supported power class and set its configured transmitted power class as specified in sub-clause 6.2.5;


The reason is to avoid violating regulatory requirements as much as possible. If operators not allowed high power UE operation are forced to set a certain Pmax to limit output power of high power UE, if the operators miss setting a Pmax correctly and/or due to some trouble of eNB side, the HPUE capable terminals under the eNB undesirably behaves as PC1 or 2. In addition, these operators are forced to do extra work for this reason even they do not allow to use HPUE feature. Hence, the exiting approach to use PC3 as default power class is a very safer and reasonable approach, and we consider that the same approach should be applied for NR side as well. More specifically, HPUE shall assume PC3 of 23dBm as default power class if gNB does NOT signal any Pmax value.

Proposal 1: HPUE shall assume 23dBm of output power at maximum if gNB does NOT signal any Pmax value to HPUE.
However, one issue from this approach was raised in Rel.13 LTE. Specifically, if both PC2 and PC3 UEs are in the same network, then the cell selection criteria in idle mode is different between those UEs due to the difference of Pcompentation values in the section 5.2.3.2 in [1], while the cell would be planned for PC3 UE and it is common for PC2 and PC3 UEs. 
2.1 Cell selection issue for HPUE

From the section 5.2.4.2 in [1], the following measurement rule is applied in LTE:
	· Following rules are used by the UE to limit needed measurements:
· If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
· Otherwise, the UE shall perform intra-frequency measurements.


UE power class has only an impact on the calculation of Srxlev, then we focus on this value hereafter. From the section 5.2.3.2 in [1], Srxlev can be calculated by the following equation.
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp,


where 

	Qoffsettemp
	Offset temporarily applied to a cell as specified in [3] (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qqualmin
	Minimum required quality level in the cell (dB)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]

	Pcompensation 
	If the UE supports the additionalPmax in the NS-PmaxList, if present, in SIB1, SIB3 and SIB5:

max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);

else:

max(PEMAX1 –PPowerClass, 0) (dB)

	PEMAX1, PEMAX2
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in TS 36.101 [33]. PEMAX1 and PEMAX2 are obtained from the p-Max and the NS-PmaxList respectively in SIB1, SIB3 and SIB5 as specified in TS 36.331 [3].

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 36.101 [33]


For the sake of simplicity, we assume SIntraSearchP, Qrxlevminoffset and Qoffsettemp are set to 0 dB. In this case, Srxlev can be simply calculated as follows. 
	Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation


Note that UE conducts cell measurement if Srxlev is lower than 0dB.
When assuming that both PC2 and PC3 UEs are in the network and the network cell is planned for PC3 UE (i.e. 23dBm), Srxlev values for PC2 and PC3 UEs in the different locations (location A and B) are shown as follows. Note that it is assumed that the network signals Pmax = 26dBm and Qrxlevmin=-124dBm. It is also assumed that the cell edge for PC3 is Qrxlevmeas = -124dBm.
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Fig.1 Srxlev values for PC2 and PC3 UEs in the different location (Qrxlevmin=-124dBm)

From Fig.1, we can see that PC3 UE in the location A needs to perform intra-frequency measurement even though the UE is in the coverage of BS#1. To address this, the network can signal Qrxlevmin=-127dBm as follows.
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Fig.2 Srxlev values for PC2 and PC3 UEs in the different location (Qrxlevmin=-127dBm)

In this case, the issue for PC3 can be resolved. On the other hand, PC2 UE in the location B may not perform intra-frequency measurement for BS#2 even though BS#2 is optional cell in this case. Hence, cell selection behaviour cannot be corrected under the assumption that only one Pmax value (= 26 dBm) is signalled from the network side. 
To resolve above issue, in Rel.13 LTE, multiple NS/P-Max was introduced in LTE [2]. If multiple NS/Pmax is assumed, the values of Pcompensation are the same between PC2 and PC3 UEs, then the cell selection behaviour would be the same. In Fig.3, we show an example assuming PEMAX1=26dBm, PEMAX2=23dBm.
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Fig.3 Srxlev values with additional Pmax (PEMAX1=26dBm, PEMAX2=23dBm)
For NR, the same solution should be applied to resolve this cell selection issue. In LTE, however, multiple NS/P-Max was optional feature in order to introduce the feature from Rel-10 LTE (frozen release) in Rle.13 LTE. Hence, this feature cannot be utilized for all UEs from early release (e.g. legacy Rel.10 UE). For NR, on the other hand, the Rel.15 is the first release and it would be good opportunity to mandate multiple NS/P-Max. 
Proposal 2: Multiple NS/Pmax should be mandatory feature for Rel.15 UEs to resolve the cell selection issue described in the section 2.1.
If multiple NS/Pmax is not mandatory feature, another solution is that PC2 UE assumes that 26dBm is maximally allowed if gNB does NOT indicate any Pmax value. As a result, if gNB does not indicate Pmax, Pcomensation is 0 for both PC2 and PC3 UEs, and the issue can be resolved. However, as mentioned above, this approach brings a risk that HPUE violates regulatory requirements due to some error of eNB side (e.g. missing of Pmax signaling). Therefore, we believe that the same approach with LTE, i.e. multiple NS/Pmax should be applied and this feature should be mandatory from Rel.15 NR.
Observation 1: Another solution to resolve the cell selection issue is that HPUE assumes that 26dBm is allowed at maximum if gNB does NOT indicate any Pmax value to HPUE. However, this approach brings a risk that HPUE undesirably violates government regulation due to some error of eNB side (e.g. missing of Pmax signaling).

3. Conclusion
In this contribution, we discuss the Pmax signalling issue considering cell selection behaviour at UE side. Our proposals and observation are summarized below.
Proposal 1: HPUE shall assume 23dBm of output power at maximum if gNB does NOT signal any Pmax value to HPUE.
Proposal 2: Multiple NS/Pmax should be mandatory feature for Rel.15 UEs to resolve the cell selection issue described in the section 2.1.
Observation 1: Another solution to resolve the cell selection issue is that HPUE assumes that 26dBm is allowed at maximum if gNB does NOT indicate any Pmax value to HPUE. However, this approach brings a risk that HPUE undesirably violates government regulation due to some error of eNB side (e.g. missing of Pmax signaling).
Corresponding draft CR is provided in [3].
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