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1. Introduction
RAN4 asked RAN2 to introduce multiple NS/P-Max as shown below [1].
Multiple NS/P-Max;
· Although RAN4 informed in R2-1711987 that multiple NS value signaling is to be supported, RAN2 would like to confirm if multiple P-Max signaling should also be supported together with multiple NS value signaling and the corresponding cell selection mechanism.
 Similar to the LS (R4-152410) for LTE, multiple P-Max together with the corresponding cell selection mechanism is also beneficial for NR to avoid the situation that when the existing P-max is used to make the legacy UEs satisfy regulatory requirements, the P-max affects the new UEs as well. The new P-Max value should only be used in conjunction with the new/modified NS value.
This paper discusses how to implement multiple NS/P-Max in accordance with RAN4 feedback.
2. Discussion
In v15.1.0 of TS 38.331, AdditionalSpectrumEmission (a.k.a. NS value) and P-Max are included in FrequencyInfoUL as shown below (unrelated fields are removed).
FrequencyInfoUL ::= 				SEQUENCE {
	-- The additional spectrum emission requirements to be applied by the UE on this uplink. 
-- If the field is absent, the UE applies the value FFS_RAN4. (see FFS_section, section FFS_Section)
	additionalSpectrumEmission			AdditionalSpectrumEmission		OPTIONAL,	-- Need S
	-- FFS_Definition. Corresponds to parameter FFS_RAN4. (see FFS_Spec, section FFS_Section)
	-- If the field is absent, the UE applies the value FFS_RAN4.
	p-Max								P-Max							OPTIONAL,	-- Need S
	...
}

FrequencyInfoUL is included in ServingCellConfigCommon as a field of UplinkConfigCommon. Given that ServingCellConfigCommon is supposed to be present in SIB1, it is intuitive that the list of multiple NS and P-Max is added into FrequencyInfoUL in a backward compatible manner.
On the other hand, RAN4 also asked to support Multiple Frequency Band Indicator (MFBI) for NR [1]. In fact, MFBI has already been ready to support in v15.1.0 of TS 38.331 as shown below. At RAN2 #101, RAN2 agreed that only one band is present in case of HO and S(p)Cell addition. 
[bookmark: _Hlk505296607]FrequencyInfoDL ::= 				SEQUENCE {
-- List of one or multiple frequency bands to which this carrier(s) belongs. Multiple values are only supported in 
-- system information but not when the FrequencyInfoDL is provided in dedicated signalling (HO or S(p)Cell addition).
	frequencyBandList					MultiFrequencyBandListNR,
	...
}

To make the structure consistent with MFBI, non-backward compatible approach could be considered to include all NS values and P-Max into a new list. Nonetheless, by recalling the background of introducing multiple NS/P-Max for LTE, it is noted that:
-	When a new frequency band is started to use in a network, only one NS value (together with P-Max if needed) is needed and broadcast.
-	After the initial launch, Additional NS value(s) and associated P-Max are introduced due to regulation change, improvement of UR RF characteristics, etc.
It is not likely that multiple NS and P-Max are used at the initial service for a new frequency band. In that sense, non-backward compatible change seems not justified for introducing multiple NS/P-Max. The following is proposed:
Proposal 1:	The list of multiple NS/P-Max is introduced into FrequencyInfoUL in a backward compatible manner.
Multiple NS/P-Max in LTE affects the cell selection mechanism, i.e. Pcompensation as defined in TS 36.304. In fact, it was FFS at the January AH meeting as shown below.
-	From RAN2 perspective compensation parameter(s) is needed to S criterion. Details can be FFS and depending on the input from RAN1/4.
As RAN4 answered in their LS, “the corresponding cell selection mechanism is also beneficial for NR to avoid the situation that when the existing P-max is used to make the legacy UEs satisfy regulatory requirements, the P-max affects the new UEs as well.”, the same formula needs to be defined for Pcompensation. The following is proposed:
Proposal 2:	For cell selection criterion, the formula of Pcompensation covers the multiple NS/P-Max case as in LTE.
3. Summary and proposal
In summary, the followings were proposed:
Proposal 1:	The list of multiple NS/P-Max is introduced into FrequencyInfoUL in a backward compatible manner.
Proposal 2:	For cell selection criterion, the formula of Pcompensation covers the multiple NS/P-Max case as in LTE.
TP to introduce multiple NS/P-Max is provided in the Annex section in this paper.
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Annex A:	Text proposals to introduce multiple NS/P-Max
A1:	Text proposal to 38.331 (based on v15.1.0)
Editor’s note:	Procedure text on multiple NS/P-Max will be added on top of TP discussed by email discussion [101#38][NR] SI procedure text.
[bookmark: _Toc510018577]6.3.2	Radio resource control information elements
<< skip unchanged part >>
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The IE FrequencyInfoUL provides basic parameters of an uplink carrier and transmission thereon. 
FrequencyInfoUL information element
-- ASN1START
-- TAG-FREQUENCY-INFO-UL-START

FrequencyInfoUL ::= 				SEQUENCE {
[bookmark: _Hlk506657608]	-- List of one or multiple frequency bands to which this carrier(s) belongs. Multiple values are only supported in 
	-- system information but not when the FrequencyInfoDL is provided in dedicated signalling (HO or S(p)Cell addition).
	frequencyBandList					MultiFrequencyBandListNR										OPTIONAL,	-- Cond FDD-OrSUL
	-- Absolute frequency of the reference resource block (Common RB 0). Its lowest subcarrier is also known as Point A.
	-- Corresponds to L1 parameter 'offset-ref-low-scs-ref-PRB' (see 38.211, section FFS_Section)
	absoluteFrequencyPointA						ARFCN-ValueNR					OPTIONAL,	-- Cond FDD-OrSUL
	-- A set of virtual carriers for different subcarrier spacings (numerologies). Defined in relation to Point A.
	-- Note that the lower edge of the actual carrier is not defined by this field but rather in the scs-SpecificCarrierList.
	-- Corresponds to L1 parameter 'offset-pointA-set' (see 38.211, section FFS_Section)
	scs-SpecificCarriers				SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,

	-- The additional spectrum emission requirements to be applied by the UE on this uplink. 
	-- If the field is absent, the UE applies the value FFS_RAN4. (see FFS_section, section FFS_Section)
	additionalSpectrumEmission			AdditionalSpectrumEmission										OPTIONAL,	-- Need S
	-- FFS_Definition. Corresponds to parameter FFS_RAN4. (see FFS_Spec, section FFS_Section)
	-- If the field is absent, the UE applies the value FFS_RAN4.
	p-Max								P-Max															OPTIONAL,	-- Need S
	-- Enable the NR UL transmission with a 7.5KHz shift to the LTE raster. If the field is absent, the frequency shift is disabled.
	frequencyShift7p5khz				ENUMERATED {true}												OPTIONAL,	-- Cond FDD-OrSUL-Optional
	...,
	[[	additionalNS-PmaxList			MultiNS-PmaxListNR					OPTIONAL	-- Need R
	]]
}

-- TAG-FREQUENCY-INFO-UL-STOP
-- ASN1STOP

	Conditional Presence
	Explanation

	FDD-OrSUL
	The field is mandatory present if this FrequencyInfoUL is for the paired UL for a DL (defined in a FrequencyInfoDL) or if this FrequencyInfoUL is for a supplementary uplink (SUL). It is absent otherwise (if this FrequencyInfoUL is for an unpaired UL (TDD).

	FDD-OrSUL-Optional
	The field is optionally present, Need R, if this FrequencyInfoUL is for the paired UL for a DL (defined in a FrequencyInfoDL) or if this FrequencyInfoUL is for a supplementary uplink (SUL). It is absent otherwise.
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–	MultiNS-PmaxListNR
The IE MultiNS-PmaxListNR is used to configure a list of multiple additionalSpectrumEmission and P-Max.
MultiNS-PmaxListNR information element
-- ASN1START
-- TAG-MULTINS-PMAXLISTNR-START

MultiNS-PmaxListNR ::= 		SEQUENCE (SIZE (1..maxNrofNS-Pmax)) OF NS-PmaxValueNR

NS-PmaxValueNR ::=	SEQUENCE {
	additionalSpectrumEmission		AdditionalSpectrumEmission,
	p-Max							P-Max								OPTIONAL	-- Need S
}

-- TAG-MULTINS-PMAXLISTNR-STOP
-- ASN1STOP

A2:	Text proposal to 38.304 (based on v1.0.0)
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The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0


where: 
	[bookmark: _Hlk505630812]Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation
Squal = Qqualmeas – (Qqualmin + Qqualminoffset)


where:
	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	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 [9]

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [9]

	Pcompensation 
	If the UE supports the p-Max in the MultiNS-PmaxListNR, if present, in SIBX [TBD]:
max(PEMAX1 –PPowerClass, 0) – (min(PEMAX2, PPowerClass) – min(PEMAX1, PPowerClass)) (dB);
else:
max(PEMAX1 –PPowerClass, 0) (dB);FFS

	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 [x]. PEMAX1 and PEMAX2 are obtained from the p-Max and the MultiNS-PmaxListNR respectively in SIBX [TBD] as specified in TS 38.331 [x].

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in TS 38.101 [x]



The signalled values Qrxlevminoffset and Qqualminoffset are only applied when a cell is evaluated for cell selection as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [23.122]. During this periodic search for higher priority PLMN the UE may check the S criteria of a cell using parameter values stored from a different cell of this higher priority PLMN.
Editor’s NOTE: The usage of Pcompensation and applicable scenarios are FFS.
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