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1    Introduction

In RAN4#86bis meeting, Draft CR for 38.101-1 for Tx (Ch6) of Band n77, n78 and n79 RF requirements was endorsed [1], For a power class 2 capable UE operating on n41, when an IE P-max as defined in TS 38.331 of 23 dBm or lower is indicated in the cell, the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 UE shall apply. In this contribution, we discuss p-MAX procedure for 5G NR Cell selection issue.
2    Discussion
As noted in RAN4#86bis Meeting report, possibility of the inclusion of n77, n78 and n79 will be further discussed in the next meeting. In order to clarify the impact of P-max on UE behaviour in network, we further discuss p-MAX for 5G NR cell selection issue, and we proposed to specify p-MAX of Band n77, n78 and n79 should be based on the same principle as n41in Rel-15 NR. 

According to TS 38.101-1[2] and TS 36.101[3], there are two types of p-max described as UE behaviours.
“For a power class 2 capable UE operating on n41, when an IE P-max as defined in TS 38.331 [?] of 23 dBm or lower is indicated in the cell, the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 UE shall apply.
For each supported frequency band other than n41, 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 and 50% or more slots in radio frame are used for UL transmission; or

-
if the IE P-Max as defined in TS 38.331 [?] is not provided; or

-
if the IE P-Max as defined in TS 38.331 [?] is provided and set to the maximum output power of the default power class or lower;

-
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;

-
else (i.e the IE P-Max as defined in TS 38.331 [?] is provided and set to the higher value than the maximum output power of the default power class):

-
apply all requirements for the supported power class and set the configured transmitted power class as specified in sub-clause 6.2.5;”
For PC2 HPUE on n77, n78 and n79, two alternatives are shown below.
· Alternative 1: If  P-max is absent，the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 (+23dBm) UE shall apply.

· Alternative 2: If  P-max is absent，the requirements for power class 2 are applicable, and the corresponding requirements for a power class 2 (+26dBm) UE shall apply. 

2.1 The NR HPUE solution for Alternative 1
Assuming that the p-max procedure applies Alternative 1_ If  P-max is absent，the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 (+23dBm) UE shall apply.
In order to enable PC2 HPUE in the network, operators can only configure p-MAX as +26dBm or higher value. We assume that P-max as +26dBm to analyze the cell selection issue.
· Solution 1
Assumption:
· P-Max = 26 is broadcasted
· Simplified cell selection criterion（TS36.304） 
· Srxlev = Qrxlevmeans (RSRP) – Qrxlevmin - Pcompensation 
· Qrxlevmin = -124dBm is broadcasted (assuming cell edge of PC3 is -124dBm)
· SIntraSearchP = 0dBm 
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Cell selection issue: PC3 UE coverage is shrinked, and cannot camp on any NR cells, and also cause unnecessary intra-frequency measurement. 
· Solution 2

Assumption:
· P-Max = 26 is broadcasted
· Simplified cell selection criterion（TS36.304） 
· Srxlev = Qrxlevmeans (RSRP) – Qrxlevmin - Pcompensation 
· Qrxlevmin = -127dBm is broadcasted (assuming cell edge of PC3 is -124dBm)
· SIntraSearchP = 0dB 
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Cell selection issue： PC2 UE may not perform intra-frequency measurement for BS of neighbour cell even if the BS of neighbour cell is optimal, it will cause interference over thermal issue on the BS of neighbour cell.
· Solution 3

When discussing this issue offline, another suggestion is that it could apply multiple NS/P-Max to solve cell selection issue, Multiple NS/P-Max capable UEs perform cell selection by using the additional P-Max in the NS-Pmaxlist similar to LTE. Pcompensation is modified to take into account the difference between the legacy P-Max and the additional P-Max.
=======================TS 36.304=====================

	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)


Assumption:
· PEMAX1=26dBm, PEMAX2=23dBm 
· Simplified cell selection criterion（TS36.304） 
· Srxlev = Qrxlevmeans (RSRP) – Qrxlevmin - Pcompensation 
· Qrxlevmin = -127dBm is broadcasted (assuming cell edge of PC3 is -124dBm)
· SIntraSearchP = 0dB 
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Based on above calculation, it seems that the cell selection issue can be solved. After checking the definition of additionalPmax in the TS 36.331, we can find that additionalPmax cannot be used to solve the cell selection for PC2 and PC3 UE, and the reasons are the following:
a) Scope of application of AdditionalPmax:
AdditionalPmax is a signalling associated with A-SEM and A-MPR, and contained in IE NS-Pmaxlist. IE NS-PmaxList is optional. In IE NS-PmaxList, AdditionalSpectrumEmission is mandatory, but additionalPmax is optional. It means that NS-PmaxList cannot indicate additionalPmax without AdditionalSpectrumEmission. For example, there is no A-SEM and A-MPR on n77, n78 and n79, AdditionalPmax cannot be indicated on n77, n78 and n79.
===================TS 36.331=================
NS-PmaxList

The IE NS-PmaxList concerns a list of additionalPmax and additionalSpectrumEmission, as defined in TS 36.101 [42, table 6.2.4-1] for UEs neither in CE nor BL UEs and TS 36.101 [42, table 6.2.4E-1] for UEs in CE or BL UEs, for a given frequency band. E-UTRAN does not include the same value of additionalSpectrumEmission in SystemInformationBlockType2 within this list.

NS-PmaxList information element
-- ASN1START

NS-PmaxList-r10 ::=



SEQUENCE (SIZE (1..maxNS-Pmax-r10)) OF NS-PmaxValue-r10

NS-PmaxList-v10l0 ::=


SEQUENCE (SIZE (1..maxNS-Pmax-r10)) OF NS-PmaxValue-v10l0

NS-PmaxValue-r10 ::=


SEQUENCE {


additionalPmax-r10




P-Max






OPTIONAL,
-- Need OP


additionalSpectrumEmission


AdditionalSpectrumEmission
}

NS-PmaxValue-v10l0 ::=


SEQUENCE {


additionalSpectrumEmission-v10l0
AdditionalSpectrumEmission-v10l0
OPTIONAL
-- Need OP

}

-- ASN1STOP
b) Value definition of AdditionalPmax
AdditionalSpectrumEmission signalling is an integer type, and the signalling value corresponding to the Network Signalling value defined in TS 36.101 [6.2.4], Not allowed to set values arbitrarily. This means that the additionalSpectrumEmission and additionalPmax values must be set according to A-SEM and A - MPR. If there is A-MPR=1dBm on NR band nX . This AdditionalPmax signalling can only indicate 22dBm or lower on band nX. AdditionaPmax cannot be used to indicate the P-MAX of 23dBm UEs. It seems that AdditionalPmax can only be used to indicate certain UEs that are lower than PC3UE. 
In addition, AdditionalPmax _NS-0X is used to indicate that UE needs to meet A-SEM and A-SEM requirements, Based on the current RAN4 spec, NS-0X definition may not indicate the absolute value of a maximum output power, which is different from p-MAX.  
===================TS 36.331=================
AdditionalSpectrumEmission
If an extension is signalled using the extended value range (as defined by IE AdditionalSpectrumEmission-v10l0), the corresponding original field, using the value range as defined by IE AdditionalSpectrumEmission i.e. without suffix) shall be set to value 32, if signalled. UE supporting an LTE band assigned NS values larger than 32 as defined in TS 36.101 [42, 6.2.4], needs to support extension signaling (as defined by IE AdditionalSpectrumEmission-v10l0).
AdditionalSpectrumEmission information element
-- ASN1START

AdditionalSpectrumEmission ::=

INTEGER (1..32)
AdditionalSpectrumEmission-v10l0 ::=
INTEGER (33..288)

-- ASN1STOP
========TS 36.101 Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR) ======
	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5, 10, 15, 20
	Table 5.6-1
	N/A

	NS_03
	6.6.2.2.1
	2, 4,10, 23, 25, 35, 36, 66, 70
	3
	>5 
	≤ 1

	
	
	
	5
	>6
	≤ 1

	
	
	
	10
	>6
	≤ 1

	
	
	
	15
	>8
	≤ 1

	
	
	
	20
	>10
	≤ 1

	NS_04
	6.6.2.2.2, 6.6.3.3.19
	41
	5, 10, 15, 20
	Table 6.2.4-4, Table 6.2.4-4a

	……
	……
	……
	……
	……


c) Introducing a new signalling 
According to the definition of AdditionalPmax, it could be used to solve the cell selection of PC3+23dBm and other lower power types due to A-MPR. AdditionalPmax is not suitable for solving cell selection issue between PC2 and PC3 UEs.
If multiple NS/P-Max is used to solve cell selection issue for a network with HPUE (+26dBm) and common UE(+23dBm), there are some problems  need to be addressed, such as, an additional signalling (not related to A-SEM and A-MPR.) needs to be introduced and it should be mandatory for both UE and BS.
Considering the complexity of Alternative1_solution 3, we don't think it's a wise choice to introduce an additional signalling in order to enable same Pcompensation values for PC2 and PC3 UEs. The existing solution applied on n41 is more simple and effective: just by setting the P-max as absent, Pcompensation will be set to the same value for PC2 and PC3 UEs. We suggest using a simple and effective way. The analysis of Alternative 2 can be seen in section 2.2.
Observation 1: In the case of Alternative 1, operators can only configure p-MAX as +26dBm or higher value to enable PC2 HPUE in network. This will cause the cell selection issue on n41, n77, n78 and n79 for PC3 and PC2 UE.
2.2 The NR HPUE solution for Alternative 2
Assuming that the p-max process applies Alternative 2_ If  P-max is absent，the requirements for power class 2 are applicable, and the corresponding requirements for a power class 2 (+26dBm) UE shall apply.

As discussed in section 2.1, if p-Max is set as 26dBm, which will cause cell selection issue. In Alternative2 case, operators can avoid the problem of cell reselection by setting p-MAX as absent. The analysis is as follows.
Assumption:
· P-Max = null, power class 2 capable UE can use PC2
· Simplified cell selection criterion（TS36.304） 
· Srxlev = Qrxlevmeans (RSRP) – Qrxlevmin - Pcompensation 
· Qrxlevmin = -124dBm is broadcasted (assuming cell edge of PC3 is -124dBm)
· SIntraSearchP = 0dBm 
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No Cell selection issue on Alternative 2 
In the case of Alternative 2, the Pcompensation is 0 for both PC2 and PC3 UE, there is no cell selection issue. We suggest that Alternative 2 should be adopted to avoid the problem of cell selection, and NR band n77, n78 and n79 should maintain the same UE behaviour as n41 and LTE band 41.

Observation 2: In the case of Alternative 2, operators can set the p-max as absent to enable PC2 HPUE in network. There is no cell selection issue on n41, n77, n78 and n79 for PC3 and PC2 UE.
2.3 The solution for HPUE regulatory issue
As mentioned above, there is no cell selection issue when p-max is absent and UE can use PC2 +26dBm (Alternative 2). We also need to consider the HPUE regulatory limitation in some countries. In these countries, the problem of HPUE roaming can be avoided simply by configuring the p-max as +23dBm. 
The application of HPUE in 5G is different from LTE. 5G NR BS and UE will be completely new. Operator can set the p-max as 23dBm at the initial stage of the deployment to avoid the cross boundary use of HPUE. While solving the problem of HPUE regulatory limitation in some countries, it can also meet the network performance of HPUE demand countries. This seems to be the only solution that will benefit for both sides.
Observation 3: In the case of Alternative 2, Operator can set the p-max as 23dBm at the initial stage of the deployment to avoid the use of HPUE in some countries with HPUE limitation regulatory.
To sum up, in order to avoid the problem of cell selection in the network, Alternative 2 can reduce the risk of network performance degradation, and operator can set the p-max as 23dBm at the initial stage of the deployment to avoid the use of HPUE in some countries with HPUE regulatory limitation.
Maybe one day, the existing HPUE restricted area will be open to use HPUE, these countries will also face how to solve the issue of cell selection for PC2 and PC3 UE, Therefore, it is necessary for us to choose the appropriate p-MAX procedure to avoid the problem of cell selection for 5G NR.
Proposal 1: For 5G NR band n77, n78 and n79, If P-max is absent，the requirements for power class 2 are applicable, and the corresponding requirements for a power class 2 (+26dBm) UE shall apply. Operator can set the p-max as 23dBm to avoid the use of HPUE in some countries with HPUE regulatory limitation.
2.4 The potential solution for p-MAX
The initial description of P-max (if the IE P-Max as defined in TS 36.331 is not provided, apply all requirements for the default power class) in the LTE stage is for the PC1 UE other than PC2 41. In LTE stage, there are two kinds of different P-max configuration description, this is because in the LTE, HPUE other than Band 41is PC1 public security terminals. For 5GNR, only PC2 UE on n41, n77, n78 and n78 were captured in Rel-15, we only need to describe PC2 UE in TS 38.101-1. It would be confusing to use different descriptions for p-MAX as it is now. Considering that there is only PC2 type in rel-15, we propose to unify the description of p-MAX for 5G NR HPUE.
Proposal 2:, Considering that there is only one HPUE type PC2 UE on n41, n77, n78 and n78 in rel-15, we propose to describe PMAX as follows.
----------------------------<< Start of changes for TS 38.101-1 >>-------------------------------------
<< Unchanged sections omitted >>
6.2
Transmitter power
6.2.1
UE maximum output power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth of NR carrier unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).
Table 6.2.1-1: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n41
	
	
	26
	+2/-33
	23
	± 23

	n71
	
	
	
	
	23
	+2/-2.5

	n77
	
	
	26
	+2/-3
	23
	+2/-3

	n78
	
	
	26
	+2/-3
	23
	+2/-3

	n79
	
	
	26
	+2/-3
	23
	+2/-3

	n80
	
	
	
	
	23
	+2

	n81
	
	
	
	
	23
	+2

	n82
	
	
	
	
	23
	± 2

	n83
	
	
	
	
	23
	± 2/-2.5

	n84
	
	
	
	
	23
	± 2

	n86
	
	
	
	
	23
	± 2

	NOTE 1:
PPowerClass is the maximum UE power specified without taking into account the tolerance 

NOTE 2: 
Power class 3 is default power class unless otherwise stated

NOTE 3:
Refers to the transmission bandwidths (Figure 5.3.3-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB


For a power class 2 capable UE operating on n41, n77, n78 and n79, when an IE P-max as defined in TS 38.331 [7] of 23 dBm or lower is indicated in the cell or if the percentage of uplink transmission time scheduled by the network in [X]ms is larger than maxUplinkDutyCycle as defined in TS 38.331 [7], the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 UE shall apply.
-----------------------------<< End of change >>-------------------------------------------------------------
The p-MAX procedure for 5G NR Cell selection issue not only involves SA, but also the NSA. If the p-MAX is not properly set, both EN-DC and CA need to solve cell selection issue for PC2 and PC3 UE. For EN-DC and CA case, we propose to adopt the singe band p-MAX principle as band 41, n41, n77, n78 and n79. If p-MAX is absent, the requirements for power class 2 are applicable, and the corresponding requirements for a power class 2 (+26dBm) UE shall apply.
Proposal 3: For EN-DC and NR CA, we propose to adopt the singe band p-MAX principle as band 41, n41, n77, n78 and n79. If  P-max is absent，the requirements for power class 2 are applicable, and the corresponding requirements for a power class 2 (+26dBm) UE shall apply.
3   Conclusions

According to our analysis, we get the following observations and proposals:

Observation 1: In the case of Alternative 1, operators can only configure p-MAX as +26dBm or higher value to enable PC2 HPUE in network. This will cause the cell selection issue on n41, n77, n78 and n79 for PC3 and PC2 UE.
Observation 2: In the case of Alternative 2, operators can set the p-max as absent to enable PC2 HPUE in network. There is no cell selection issue on n41, n77, n78 and n79 for PC3 and PC2 UE.
Observation 3: In the case of Alternative 2, Operator can set the p-max as 23dBm at the initial stage of the deployment to avoid the use of HPUE in some countries with HPUE limitation regulatory.
Proposal 1: For 5G NR band n77, n78 and n79, If P-max is absent，the requirements for power class 2 are applicable, and the corresponding requirements for a power class 2 (+26dBm) UE shall apply. Operator can set the p-max as 23dBm to avoid the use of HPUE in some countries with HPUE regulatory limitation.
Proposal 2:, Considering that there is only one HPUE type PC2 UE on n41, n77, n78 and n78 in rel-15, we propose to describe PMAX as follows.
For a power class 2 capable UE operating on n41, n77, n78 and n79, when an IE P-max as defined in TS 38.331 [7] of 23 dBm or lower is indicated in the cell or if the percentage of uplink transmission time scheduled by the network in [X]ms is larger than maxUplinkDutyCycle as defined in TS 38.331 [7], the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 UE shall apply.
Proposal 3: For EN-DC and NR CA, we propose to adopt the singe band p-MAX principle as band 41, n41, n77, n78 and n79. If  P-max is absent，the requirements for power class 2 are applicable, and the corresponding requirements for a power class 2 (+26dBm) UE shall apply.
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