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1	Introduction
RAN#96 approved a CR for n77 in Canada which address non-CA case [1] while for CA case, it concluded a following.
conclusion: RAN2 and RAN4 are tasked to address the UL CA configuration issue and clarifications for the requirement that UEs supporting NS values for barring purposes only (e.g., NS_55, NS_57) shall also indicate the corresponding extended band capability in the August WG meetings.
Two alternatives have been proposed on this, as illustrated in figure below:
[image: ]
Figure 1: NS-value usage in CA (for US and Canada)
This contribution discusses the way forward on how to handle the CA case. In this contribution, we discuss a general issue with NS-values used in RAN2 for UL CA that is related to this case and has existed since Rel-15. 
2	Use of NS-values in CA
2.1	NS-values for n77 
For UL CA cases, network is supposed to use the same NS-value for all carriers (as also came up in the problem illustrated in R2-2205968), which is shown in the below RRC excerpt: 
	FrequencyInfoUL field descriptions

	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 TS 38.101-2 [39], table 6.2.3.1-2). Network configures the same value in additionalSpectrumEmission for all uplink carrier(s) of the same band with UL configured. The additionalSpectrumEmission is applicable for all uplink carriers of the same band with UL configured.



However, as is discussed in the n77 case with NS_55/57, this is now causing some problems and might need to be clarified. But that discussion has actually revealed an underlying issue: RAN4 has defined several NS-values: there are single-carrier NS-values (used when no UL CA is configured) and intra-band UL CA NS-values (which are also separated for contiguous and non-contiguous UL CA cases). So which NS-value is signalled to UE in UL CA?
1) The single-carrier NS-value (as defined in clause 6.2.3 of TS38.101-1/2) 
OR 
2) The CA-specific NS-value (as defined in clause 6.2A.3 of TS38.101-1/2)?
Observation 1: RAN2 specifications do not currently make it clear how the NS-values for CA are used RRC signalling.
Since Rel-15, NR specifications have indicated the following for AdditionalSpectrumEmission:
[bookmark: _Toc60777159][bookmark: _Toc100930043]–                      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, and TS 38.101-2 [39], clause 6.2.3).
This explicitly refers to the single-carrier NS-values defined in TS38.101-1/2, clause 6.2.3 (see below for an excerpt related to band n77). 
	[bookmark: _Toc21344235][bookmark: _Toc29801719][bookmark: _Toc29802143][bookmark: _Toc29802768][bookmark: _Toc36107510][bookmark: _Toc37251269][bookmark: _Toc45888071][bookmark: _Toc45888670][bookmark: _Toc61367311][bookmark: _Toc61372694][bookmark: _Toc68230634][bookmark: _Toc69084047][bookmark: _Toc75467056][bookmark: _Toc76509078][bookmark: _Toc76718068][bookmark: _Toc83580378][bookmark: _Toc84404887][bookmark: _Toc84413496]6.2.3	UE additional maximum output power reduction
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Additional emission requirements can be signalled by the network. Each additional emission requirement is associated with a unique network signalling (NS) value indicated in RRC signalling by an NR frequency band number of the applicable operating band and an associated value in the field additionalSpectrumEmission. Throughout this specification, the notion of indication or signalling of an NS value refers to the corresponding indication of an NR frequency band number of the applicable operating band, the IE field freqBandIndicatorNR and an associated value of additionalSpectrumEmission in the relevant RRC information elements [7].
The mapping of NR frequency band numbers and values of the additionalSpectrumEmission to network signalling labels is specified in Table 6.2.3.1-1A. 
[bookmark: _Hlk516051685]Table 6.2.3.1-1: Additional maximum power reduction (A-MPR)
	Network signalling label
	Requirements (clause)
	NR Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	NS_01
	
	Table 5.2-1
(NOTE 8)
	5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	Table 5.3.2-1
	N/A

	NS_55
	NOTE 6
	n77
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	
	N/A

	NS_57
	NOTE 10
	n77
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	
	N/A

	NOTE 6:	This NS value is applicable for cells in the range 3450 – 3550 MHz for operations in the USA. This NS value does not indicate any additional spurious emission and maximum output power reduction requirements.
NOTE 8:	The NS_01 label with the field additionalPmax [7] absent is default for all NR bands.
NOTE 10:	This NS value is applicable for cells in the range 3650-3980 MHz for operations in Canada. This NS value does not indicate any additional spurious emission and maximum output power reduction requirements.


…
Table 6.2.3.1-1A: Mapping of network signalling label
	NR band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	n77
	NS_01
	NS_55
	NS_57
	
	
	
	
	

	NOTE 1:	additionalSpectrumEmission corresponds to an information element of the same name defined in clause 6.3.2 of TS 38.331 [7].






However, it is obvious that for UL CA cases, it is the UL CA NS-values that have to be used since those define the regulatory requirements. For inter-band UL CA cases, it seems clear that NS-values are used according to the per-band NS-values, but RAN4 has also defined NS-values for contiguous/non-contiguous intra-band CA, which are described in TS38.101-1/2, clause 6.2A.3 (see below for an excerpt). Notably, these have nothing specific said for band n77, and imply that only the CA_NS_01/CA_NC_NS_01 apply for intra-band contiguous/non-contiguous CA (respectively). This means that in UL CA with band n77, the used NS-value should always be either CA_NS_01 (contiguous UL CA) or CA_NC_NS_01 (non-contiguous UL CA). However, this is not considered in RRC since it always refers to clause 6.2.3 and not 6.2A.3.
Observation 2: RRC specification referring to only single-carrier NS-values seems only correct for inter-band UL CA but not for intra-band UL CA.

	[bookmark: _Toc61367356][bookmark: _Toc61372739][bookmark: _Toc68230680][bookmark: _Toc69084093][bookmark: _Toc75467102][bookmark: _Toc76509124][bookmark: _Toc76718114][bookmark: _Toc83580424][bookmark: _Toc84404933][bookmark: _Toc84413542]6.2A.3	UE additional maximum output power reduction for CA
[bookmark: _Toc21344265][bookmark: _Toc29801751][bookmark: _Toc29802175][bookmark: _Toc29802800][bookmark: _Toc36107542][bookmark: _Toc37251308][bookmark: _Toc45888114][bookmark: _Toc45888713][bookmark: _Toc61367357][bookmark: _Toc61372740][bookmark: _Toc68230681][bookmark: _Toc69084094][bookmark: _Toc75467103][bookmark: _Toc76509125][bookmark: _Toc76718115][bookmark: _Toc83580425][bookmark: _Toc84404934][bookmark: _Toc84413543]6.2A.3.1.1	 UE additional maximum output power reduction for Intra-band contiguous CA
Additional emission requirements can be signalled by the network. Each additional emission requirement is associated with a unique network signalling (NS) value indicated in RRC signalling by an NR frequency band number of the applicable operating band and an associated value in the field additionalSpectrumEmission. Throughout this specification, the notion of indication or signalling of an NS value refers to the corresponding indication of an NR frequency band number of the applicable operating band, the IE field freqBandIndicatorNR and an associated value of additionalSpectrumEmission in the relevant RRC information elements [7]. Relation between NR CA band and NR frequency band is specified in Table 5.2A.1-1.
To meet the additional requirements, additional maximum power reduction (A-MPR) is allowed for the maximum output power as specified in Table 6.2A.1.5-1. Unless stated otherwise, the total reduction to UE maximum output power is max(MPR, A-MPR) where MPR is defined in clause 6.2A.2.4. In absense of modulation and waveform types the A-MPR applies to all modulation and waveform types.
Table 6.2A.3.1.1-1 specifies the additional requirements with their associated network signalling values and the allowed A-MPR and applicable CA band(s) for each CA_NS value. The mapping of NR CA band numbers and values of the additionalSpectrumEmission to network signalling labels is specified in Table 6.2.3.1.1-2.
Table 6.2A.3.1.1-1: Additional maximum power reduction (A-MPR)
	Network signalling label
	Requirements (clause)
	NR CA Band
	Aggregated channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	CA_NS_01
	
	Table 5.2A.1-1
	All applicaple NR CA bands
	All applicaple NR CA configurations
	N/A


…
[bookmark: _Toc21344266][bookmark: _Toc29801752][bookmark: _Toc29802176][bookmark: _Toc29802801][bookmark: _Toc36107543][bookmark: _Toc37251309][bookmark: _Toc45888115][bookmark: _Toc45888714][bookmark: _Toc61367359][bookmark: _Toc61372742][bookmark: _Toc68230683][bookmark: _Toc69084096][bookmark: _Toc75467105][bookmark: _Toc76509127][bookmark: _Toc76718117][bookmark: _Toc83580427][bookmark: _Toc84404936][bookmark: _Toc84413545]6.2A.3.1.2	UE additional maximum output power reduction for Intra-band non-contiguous CA
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Table 6.2A.3.1.2-1 specifies the additional requirements with their associated network signalling values and the allowed A-MPR and applicable CA band(s) for each CA_NC_NS value. The mapping of NR CA band numbers and values of the additionalSpectrumEmission to network signalling labels is specified in Table 6.2A.3.1.2-2.  
Table 6.2A.3.1.2-1: Additional Maximum Power Reduction (A-MPR) for intra-band non-contiguous CA
	CA Network Signalling value
	Requirements (clause)
	Uplink CA Configuration
	A-MPR for sub-blocks in order of increasing uplink carrier frequency

	
	
	
	A-MPR [dB]
(clause)

	CA_NC_NS_01
	
	All applicaple NR CA configurations
	N/A






Generally, CA_NS_01 and CA_NC_NS_01 are defined for all UL CA cases to indicate A-MPR is not used and only MPR applies. For FR1, currently there are are actual intra-band CA_NS requirements in TS38.101-1 for bands n7, n41 and n48 as shown below: 
	Table 6.2A.3.1.1-1: Additional maximum power reduction (A-MPR)
	Network signalling label
	Requirements (clause)
	NR CA Band
	Aggregated channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	CA_NS_01
	
	Table 5.2A.1-1
	All applicaple NR CA bands
	All applicaple NR CA configurations
	N/A

	CA_NS_04
	6.5A.2.3.1.1
6.5A.3.3.1.1
	CA_n41
	Table 5.5A.1-1
	6.2A.3.1.1.1
	6.2A.3.1.1.1

	CA_NS_27
	6.5A.2.3.1.2
6.5A.3.3.1.2
	CA_n48
	Table 5.5A.1-1
	6.2A.3.1.1.2
	6.2A.3.1.1.2

	CA_NS_46
	6.5A.3.3.1.3
	CA_n7
	Table 5.5A.1-1
	6.2A.3.1.1.3
	6.2A.3.1.1.3

	


[The CA_NS_01 label with the field additionalPmax [7] absent is default for all NR bands.]
Table 6.2.3.1.1-2: Mapping of network signaling label
	NR CA band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	CA_n41
	CA_NS_01
	CA_NS_04
	
	
	
	
	
	

	CA_n48
	CA_NS_01
	CA_NS_27
	
	
	
	
	
	

	CA_n7
	CA_NS_01
	CA_NS_46
	
	
	
	
	
	

	NOTE:	additionalSpectrumEmission corresponds to an information element of the same name defined in clause 6.3.2 of TS 38.331 [7].






Since the whole concept of NS-values was copy-pasted from LTE, it’s good to check also how it was handled there. And indeed LTE RRC makes the CA case clearer: It is explicitly said 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 seem to use the CA NS-values already, which is presumably the intention also for NR, it just wasn’t captured very clearly when the NR field description was created.
Observation 3: In LTE RRC, the NS-value for PCell is not used when UL CA is configured and the SCell value is used instead.

Therefore, 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. While this does relate to the n77 NS-value discussion (and could benefit from joint discussion), it is infact a separate Rel-15 issue and relates to how NR is aligned with LTE practices and regulatory requirements.
Observation 4: RAN2 needs to ensure NS-value signalling is clear to ensure UEs follow regulatory requirements indicated by the correct NS-values.
In our view the used NS-value for intra-band UL CA is according to the NS_CA (if any), which would mean that in most cases network typically signals nothing (as NS_CA_01 is used).
Proposal 1: RAN2 to clarify that CA_NS-values are used for cells with intra-band (contiguous or non-contiguous) UL CA.
Proposal 2: Clarify in RRC that for intra-band UL CA, the values that need to be the same for all serving cells in the same band refer to the CA_NS-values.
Note that Annex A shows the proposed changes to make this clearer (which incidentally may also solve the whole n77 NS-value issue by itself).
3	Conclusion
This document has made the following observations:
Observation 1: RAN2 specifications do not currently make it clear how the NS-values for CA are used RRC signalling.
Observation 2: RRC specification referring to only single-carrier NS-values seems only correct for inter-band UL CA but not for intra-band UL CA.
Observation 3: In LTE RRC, the NS-value for PCell is not used when UL CA is configured and the SCell value is used instead.
Observation 4: 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 CA_NS-values are used for cells with intra-band (contiguous or non-contiguous) UL CA.
Proposal 2: Clarify in RRC that for intra-band UL CA, the values that need to be the same for all serving cells in the same band refer to the CA_NS-values.
Note that Annex A shows the proposed changes to make this clearer (which incidentally may also solve the whole n77 NS-value issue by itself).



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: _Toc60777240][bookmark: _Toc100930136]–	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 SCells uplink carrier(s) of the same band that have with UL configured. When SCell with uplink is configured, Tthe additionalSpectrumEmission (as defined in TS 38.101-1 [15], 6.2A.3.1-1A, and TS 38.101-2 [39], 6.2A.3.1-2) is applicable for all serving cells (including PCell) with uplink carriers of the same band with UL configured.

	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.
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