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1	Introduction
During the n77 NS-value discussion in RAN2#119e, the topic of NS-values for UL CA was postponed since it was a Rel-15 issue and not mandatory to resolve for the n77 issue. The minutes of this are shown below:
n77 for UL CA
[bookmark: _Hlk112356369][bookmark: _Hlk111747704][bookmark: _Hlk112424904]R2-2208938	[AT119-e][032][NR17] n77 Report		Ericsson
[032] Noted, agreements reflected below

GENERAL
[032] Agree on following CRs to TS 38.331 in short email discussion:
- Rel-16 and Rel-17 CRs “Correction to additionalSpectrumEmission for UL CA in n77 for the US”
- Rel-17 CR “Correction to additionalSpectrumEmission for UL CA in n77 for Canada”.
[032] Discussion on potential RAN2 specification impact with respect to CA_NS tables in RAN4 specs is Postponed.

n77 Capabilities 
R2-2207262	Use of NS_55 and NS_57 on band n77	Nokia, Nokia Shanghai Bell	discussion	Rel-16	TEI16
[032] Noted

The discussion on this was originally raised by R2-2207262 and was also continued in RAN4#104bis-e, but without a clear conclusion. In this contribution we try to resolve the issue from RAN2 perspective.

2	NS-value used in UL CA
2.1	NS-values for UL CA in LTE specifications
The NS-values for UL CA was originally defined in Rel-10 LTE specifications when UL CA was first discussed. However, since LTE started out as a purely single-carrier system, the NS-value configuration for PCell already existed since Rel-8. When the SCell configurations were created, the LTE RRC adopted the convention of tagging (most) configurations with the “SCell” suffix to differentiate which fields were meant for SCells. The NS-value for PCells was originally only allowed for handovers, but it was later added for PCells (see R2-114798), and then again a later clarification made it so that only the SCell value is used in UL CA to ensure there were no ambiguities in the siggnalling (see R2-152844). Due to this process, the usage of the field was changed over time and it was straightforward to categorize the field descriptions of PCell and SCell fields in RRC since they were clearly separated.
Observation 1: LTE specifications explicitly separated the fields for SCell and PCell NS-values, and their use changed over time as clarifications were needed.
In the LTE RRC makes, the UL CA case is described explicitly so that the same NS-value is used for all SCells, but that value is then applicable for all serving cells including PCell when UL CA is configured, and the HO command PCell NS-value is only used in non-UL CA cases, as shown in below excerpts from LTE RRC:
	RadioResourceConfigCommon field descriptions

	additionalSpectrumEmissionSCell
The UE requirements related to additionalSpectrumEmissionSCell are defined in TS 36.101 [42]. E-UTRAN configures the same value in additionalSpectrumEmissionSCell for all SCell(s) of the same band with UL configured. The additionalSpectrumEmissionSCell is applicable for all serving cells (including PCell) of the same band with UL configured.



	PhysicalConfigDedicated field descriptions

	additionalSpectrumEmissionPCell
E-UTRAN does not configure this field in this release of the specification.



	MobilityControlInfo field descriptions

	additionalSpectrumEmission
For a UE with no SCells configured for UL in the same band as the PCell, the UE shall apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. For a UE with SCell(s) configured for UL in the same band as the PCell, the UE shall, in case all SCells configured for UL in that band are released after handover completion, apply the value for the PCell instead of the corresponding value from SystemInformationBlockType2 or SystemInformationBlockType1. The UE requirements related to IE AdditionalSpectrumEmission are 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.



This means that the LTE specifications explicitly uses the CA NS-values defined in TS36.101.
Observation 2: In LTE RRC, the NS-value for PCell is not used when UL CA is configured and the SCell value is used instead.
When the NR specification was created, CA was supported from the first release, and there was an attempt to simplify and harmonize the RRC fields for serving cells. At that time, the NR field for NS-values was made generic as it was thought to be clear from the context how the NS-values were used, and UL CA deployments apart from EN-DC were still not a reality. However, there was no discussion that the intent of the NS-value signalling would depart from the LTE NS-values. 
We think it should be discussed how to clarify the NR specification in this regard: In our view, the NR intent should have been the same as in LTE, i.e. the requirement in the additionalSpectrumEmission only relates to SCells, and PCell value is not used when UL CA is configured. the specification needs to be clear in this since the RAN2 NS-value signalling is using a bitmap whose actual meaning is defined in RAN4 specifications: Thus, the meaning of bitmap may differ depending on whether it refers to the non-CA or the CA NS-value mapping. 
Observation 3: RAN2 needs to ensure NS-value signalling is clear to ensure UEs follow regulatory requirements indicated by the correct NS-values.
In terms of signalling, it is also more efficient NOT to signal an NS-value for the (most typical!) cases where CA_NS_01 or  CA_NC_NS_01 is used – in those cases, the absence of NS-value for the SCell would signify no extra allowance for the UL power reduction. For that reason, we propose that, same as in LTE, the SCell NS-values refer to the CA_NS or CA_NC_NS values, and therefore UE can fully determine the UL emission requirements based on only the SCell NS-values. 
Proposal 1: RAN2 to clarify that for intra-band (contiguous or non-contiguous) UL CA, UE only follows the CA_NS-value for the SCell(s) and shall ignore the PCell NS-value.
Note that Annex A shows the proposed changes to make this clearer (note that this is made based on latest Rel-17 specifications, and would be slightly different for Rel-15/16 due to the introduction of n77 specifics in Rel-16/17).
Proposal 2: RAN2 to provide CR to reflect P1 with Annex A as the starting point.
3	Conclusion
This document has made the following observations:
Observation 1: LTE specifications explicitly separated the fields for SCell and PCell NS-values, and their use changed over time as clarifications were needed.
Observation 2: In LTE RRC, the NS-value for PCell is not used when UL CA is configured and the SCell value is used instead.
Observation 3: RAN2 needs to ensure NS-value signalling is clear to ensure UEs follow regulatory requirements indicated by the correct NS-values.
And proposed the following:
Proposal 1: RAN2 to clarify that for intra-band (contiguous or non-contiguous) UL CA, UE only follows the CA_NS-value for the SCell(s) and shall ignore the PCell NS-value.
Proposal 2: RAN2 to provide CR to reflect P1 with Annex A as the starting point.





Annex A: RRC CR to clarify the UL CA NS-value usage

–	AdditionalSpectrumEmission
The IE AdditionalSpectrumEmission is used to indicate emission requirements to be fulfilled by the UE (see TS 38.101-1 [15], clause 6.2.3/6.2A.3, and TS 38.101-2 [39], clause 6.2.3/6.2A.3).
AdditionalSpectrumEmission information element
-- ASN1START
-- TAG-ADDITIONALSPECTRUMEMISSION-START

AdditionalSpectrumEmission ::=              INTEGER (0..7)

-- TAG-ADDITIONALSPECTRUMEMISSION-STOP
-- ASN1STOP

<UNNECESSARY PARTS OMITTED>
[bookmark: _Toc115429043]–	FrequencyInfoUL
The IE FrequencyInfoUL provides basic parameters of an uplink carrier and transmission thereon.
FrequencyInfoUL information element
-- ASN1START
-- TAG-FREQUENCYINFOUL-START

FrequencyInfoUL ::=                 SEQUENCE {
    frequencyBandList                   MultiFrequencyBandListNR                                OPTIONAL,   -- Cond FDD-OrSUL
    absoluteFrequencyPointA             ARFCN-ValueNR                                           OPTIONAL,   -- Cond FDD-OrSUL
    scs-SpecificCarrierList             SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,
    additionalSpectrumEmission          AdditionalSpectrumEmission                              OPTIONAL,   -- Need S
    p-Max                               P-Max                                                   OPTIONAL,   -- Need S
    frequencyShift7p5khz                ENUMERATED {true}                                       OPTIONAL,   -- Cond FDD-TDD-OrSUL-Optional
    ...
}

-- TAG-FREQUENCYINFOUL-STOP
-- ASN1STOP

	FrequencyInfoUL field descriptions

	absoluteFrequencyPointA
Absolute frequency of the reference resource block (Common RB 0). Its lowest subcarrier is also known as Point A. Note that the lower edge of the actual carrier is not defined by this field but rather in the scs-SpecificCarrierList (see TS 38.211 [16], clause 4.4.4.2).

	additionalSpectrumEmission
The additional spectrum emission requirements to be applied by the UE on this uplink. If the field is absent, the UE uses value 0 for the additionalSpectrumEmission (see TS 38.101-1 [15], table 6.2.3.1-1A and 6.2A.3.1-1A, and TS 38.101-2 [39], table 6.2.3.1-2 and 6.2A.3.1-2). Network configures the same value in additionalSpectrumEmission for all uplink carrier(s) of the same band with UL configured, except for additionalSpectrumEmission value corresponding to NS_55/NS_57. If NS_55/NS_57 (see TS 38.101-1 [15], table 6.2.3.1-1) is applicable for at least one uplink carrier, the network may configure either NS_55/NS_57 or NS_01 for these uplink carriers, and NS_01 for the remaining uplink carrier(s) of band n77. When SCell with uplink is configured, Tthe additionalSpectrumEmission of SCell with configured uplink is applicable for all uplink carriers of the same band with UL configured within a cell group, and UE shall ignore the additionalSpectrumEmission of SpCell of the cell group.

	frequencyBandList
List containing only one frequency band to which this carrier(s) belongs. Multiple values are not supported.

	frequencyShift7p5khz
Enable the NR UL transmission with a 7.5 kHz shift to the LTE raster. If the field is absent, the frequency shift is disabled.

	p-Max
Maximum transmit power allowed in this serving cell. The maximum transmit power that the UE may use on this serving cell may be additionally limited by p-NR-FR1 (configured for the cell group) and by p-UE-FR1 (configured total for all serving cells operating on FR1). If absent, the UE applies the maximum power according to TS 38.101-1 [15] in case of an FR1 cell or TS 38.101-2 [39] in case of an FR2 cell. In this release of the specification, if p-Max is present on a carrier frequency in FR2, the UE shall ignore the field and applies the maximum power according to TS 38.101-2 [39]. Value in dBm. This field is ignored by IAB-MT, the IAB-MT applies output power and emissions requirements, as specified in TS 38.174 [63].

	scs-SpecificCarrierList
A set of carriers for different subcarrier spacings (numerologies). Defined in relation to Point A. The network configures a scs-SpecificCarrier at least for each numerology (SCS) that is used e.g. in a BWP (see TS 38.211 [16], clause 5.3).



	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, Need R, otherwise (if this FrequencyInfoUL is for an unpaired UL (TDD).

	FDD-TDD-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 an unpaired UL (TDD) in certain bands (as defined in clause 5.4.2.1 of TS 38.101-1 and in clause 5.4.2.1 of TS 38.104 [12]), or if this FrequencyInfoUL is for a supplementary uplink (SUL). It is absent, Need R, otherwise.




