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Introduction
In last meeting, WF [1] on clarification of the NS mapping from RAN2 to RAN4 was approved with the following interpretations and way forward.
It can be seen that the RAN2 specification only refers back to Table 6.2.3.1-1A for 38.101-1 (ignoring the 38.101-2 specification for the context of this discussion) which contains the single carrier NS.  The RAN2 specifications do NOT refer back to clause 6.2A.3.1.1 for CA_NS or clause 6.2A.3.1.2 for CA_NC_NS and further state that a common additionalSpectrumEmission is applicable for all uplink carriers in the NC or CCA configuration. 
Two possible interpretations exist.
1. Only the single carrier NS mapping from the PCC applies (cell specific NS signalled in SIB). The mapping to CA_NS and CA_NC_NS must conform to the NS mapping as defined in Table 6.2.3.1-1A. For example, assume that the basestation indicates additionalSpectrumEmission = 1 in Band n41.  According to Table 6.2.3.1-1A, this maps to NS_04. When CA is configured, the same additionalSpectrumEmission = 1 applies and checking Table 6.2.3.1.1-2 for CCA, it can be seen that CA_NS_04 applies to the CA_n41 configuration.  However, if instead additionalSpectrumEmission = 2 had been indicated, the single carrier mapping would be to NS_47 but there is no mapping for CA_NS and CA_NC_NS. The RAN4 specification should be corrected to add the mappings for CA_NS and CA_NC_NS corresponding to additionalSpectrumEmission = 2; for example, this might mean to define CA_NS_47 and CA_NC_NS_47. All future CA_NS and CA_NC_NS should ensure there is a 1:1 mapping according to the NS mapping.  Alternative, since the mapping is 1:1, the CA_NS and CA_NC_NS designations are redundant and can be removed referring instead only to the NS (of course, there are different A-MPR tables for CCA and NCCA and potentially different emissions, but they can still be indexed by NS rather than CA_NS or CA_NC_NS).
1. It is the CA_NS or CA_NC_NS that applies when the SCC is configured and activated.  It was the intention that a separate and distinct additionalSpectrumEmission is conveyed to the UE for CA (via dedicated signalling) when the SCC is configured and therefore RAN4 defined independent tables for CA_NS and CA_NC_NS. This SCC additionalSpectrumEmission is mapped according to Table 6.2A.3.1.1-2 (38.101 spec has an error and incorrectly refers to this table as 6.2.3.1.1-2 without the “A” suffix for CA) and Table 6.2A.3.1.2-2 for CCA and NC CA, respectively. RAN2 specification should be updated to point to clause 6.2A.3.1.1 for CA_NS or clause 6.2A.3.1.2 for CA_NC_NS.
Separately, it has been reported that RAN2 has made the following agreement with respect to Band n77 NS signaling
-- For UL CA in n77 with at least one cell in DoD-band and at least one cell in C-band, the network may configure either NS_55 or NS_01 for UL carrier(s) in DoD-band, and NS_01 for the remaining uplink carrier(s) in this band.
This agreement can be accommodated by either option 1 or option 2 although the implementation may slightly differ.

<Way forward/Agreement>: 
1. There has been no consensus on option 1 or option 2 in RAN4.  The WF is therefore to continue discussion between these options at RAN4 #104-bis-e.
Option 1: The additionalSpectrumEmission associated with PCC applies for NS, CA_NS, and CA_NC_NS.  RAN4 specification update needed.
Option 2: The additionalSpectrumEmission associated with configuration/activation of the SCC applies (analogous to LTE with a separate parameter) for CA_NS and CA_NC_NS.  RAN2 specification update needed.
Provide a solution at RAN4 #104-bis-e generally as well as specifically Band n77 signaling according to the selected option and the RAN2 agreement.  

In this paper, we’d like to provide our views on this issue and potential solution.

Discussion on AdditionalSpectrumEmission for LTE
Referring to TS 36.331, the AdditionalSpectrumEmission was introduced for LTE with value range from 1~288 and it wasn’t associated to the corresponding frequency bands. Thus, referring to table 6.2.4-1, network signalling value represented both RF requirements and RAN2 signalling value. For example, “NS_01” represented the general RF requirements for all the E-UTRA bands and it’s known that AdditionalSpectrumEmission indicate value ‘1’ for “NS_01”. One more example, “NS_04” represented the general RF requirements for E-UTRA band n41 and it’s known that AdditionalSpectrumEmission indicate value ‘4’ for “NS_04”.
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Figure 1 AdditionalSpectrumEmission specified in TS 36.331
In addition, additionalSpectrumEmissionPCell and additionalSpectrumEmissionSCell were specified in TS 36.331 as below. additionalSpectrumEmissionPCell will not be configured and used according to current LTE specification.
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It’s highlighted that additionalSpectrumEmissionSCell-r10 was used to indicate the index of the sequence CA_NS/ CA_NC_NS_01. The following sentences were specified in clause 6.2.4A from TS 36.101 as below.
If for intra-band carrier aggregation the UE is configured for transmissions on a single serving cell, then subclauses 6.2.3 and 6.2 4 apply with the Network Signaling value indicated by the field additionalSpectrumEmission.
For intra-band contiguous aggregation with the UE configured for transmissions on two serving cells, the maximum output power reduction specified in Table 6.2.4A-1 is allowed for all serving cells of the applicable uplink CA configurations according to the CA network signalling value indicated by the field additionalSpectrumEmissionSCell-r10.
If for intra-band non-contigous carrier aggregation the UE is configured for transmissions on a single serving cell, then subclauses 6.2.3 and 6.2 4 apply with the Network Signaling value indicated by the field additionalSpectrumEmission.
For intra-band non-contiguous carrier aggregation with the UE configured for transmissions on two serving cells, the maximum output power reduction specified in Table 6.2.4A-2 is allowed for all serving cells of the applicable uplink CA configurations according to the CA network signalling value indicated by the field additionalSpectrumEmissionSCell-r10.

Discussion on AdditionalSpectrumEmission for NR
Referring to TS 38.331, the AdditionalSpectrumEmission was introduced for NR with value range from 0~7 (three bits) which was associated to the corresponding frequency band as below. That can be understood that AdditionalSpectrumEmission need to be indicated as per band instead of per cell or per carrier.
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Based on the improvement in NR, “NS_01” or “NS_04” specified in TS 38.101-1 only represent the RF requirements and readers can’t know what the specific network work signalling value is. Thus, RAN4 specified some mapping tables, e.g. Table 6.2.3.1-1A, Table 6.2A.3.1.1-2 and Table 6.2A.3.1.2-2, in order to associate the network signalling label to the specific RF requirements “NS_XX, CA_NS_XX, CA_NC_NS_XX”.
Observation 1: since “NS_XX, CA_NS_XX, CA_NC_NS_XX” represent the RF requirements, RAN4 still need to associate the specific RF requirements “NS_XX, CA_NS_XX, CA_NC_NS_XX” to the network signalling label. Otherwise, UE may not know what the accurate RF requirements are for a specific network work signalling lable.
As Rel-17 has been finalized, it’s too late to introduce a new IE which is analogous to LTE with a separate parameter due to NBC issue.
Observation 2: As Rel-17 has been finalized, it’s too late to introduce a new IE which is analogous to LTE with a separate parameter due to NBC issue. Option 2 in WF R4-2214409 is not preferred.

It’s highlighted that “Network configures the same value in additionalSpectrumEmission for all uplink carrier(s) of the same band with UL configured”, which is specified in TS 38.331. The reason why RAN2 stress this clarification is that specification or network can’t require or configure two different RF requirements to UE for intra-band CA. Otherwise, UE may be confused and doesn’t know which set of RF requirements need to be met.
Observation 3: The reason why RAN2 stress “Network configures the same value in additionalSpectrumEmission for all uplink carrier(s) of the same band with UL configured” is that specification or network can’t require or configure two different sets of RF requirements to UE for intra-band UL CA. Otherwise, UE may be confused and doesn’t know which set of RF requirements need to be met.
In the WF [1], companies comment that the single carrier mapping would be to NS_47 but there is no mapping for CA_NS and CA_NC_NS. The RAN4 specification should be corrected to add the mappings for CA_NS and CA_NC_NS corresponding to additionalSpectrumEmission = 2 for band n41. It’s highlighted that NS_47 is only applicable when the NR carrier is within 2545 – 2575 MHz (30MHz frequency range). It can be observed that the demands for NS_47 are only applicable to single carrier instead of intra-band UL CA. That’s why CA_NS_47 wasn’t specified. If we remove CA_NS and CA_NC_NS, it will cause some ambiguity.
Observation 4: the demands for NS_47 are only applicable to single carrier instead of intra-band UL CA. That’s why CA_NS_47 wasn’t specified. If we remove CA_NS and CA_NC_NS as suggested in WF R4-2214409, it will cause some ambiguity.
In total, we’d like to summarize our proposal as below.
Proposal 1: introducing a new IE which is analogous to LTE with a separate parameter will cause NBC issue, so option 2 in WF R4-2214409 is not preferred. 
Proposal 2: “CA_NS_XX and CA_NC_NS_XX” should be kept to indicate the specific RF requirements, which is used in RAN4 specification. In addition, “CA_NS_XX and CA_NC_NS_XX” need to be associated to network signalling label additionalSpectrumEmission.
Proposal 3: In order to indicate the same RF requirements for all uplink carrier(s) of the same band, Network is required to configure the same value in additionalSpectrumEmission for all uplink carrier(s) of the same band with UL configured. However, some exceptions are allowed as below. With these exceptions, the same RF requirements for all uplink carrier(s) of the same band are also applicable.
For UEs configured with intra-band contiguous CA in n77 and if NS_01 is indicated for an uplink component carrier in the range 3450-3650 MHz and NS_01 or NS_57 for another uplink component carrier in the range 3650-3980 MHz, the allowed additional spurious emission and maximum output power reduction requirements are according to CA_NS_01.
For UEs configured with intra-band non-contiguous CA in n77 and if NS_01 is indicated for an uplink component carrier in the range 3700-3980 MHz and NS_01 or NS_55 for another uplink component carrier in the range 3450-3550 MHz, the allowed additional spurious emission and maximum output power reduction requirements are according to CA_NC_NS_01.
Proposal 4: in order to reflect the proposals above, the specification can be further improved as Annex.
Summary
Based on the discussion, all the observations and proposals are listed below:
Observation 1: since “NS_XX, CA_NS_XX, CA_NC_NS_XX” represent the RF requirements, RAN4 still need to associate the specific RF requirements “NS_XX, CA_NS_XX, CA_NC_NS_XX” to the network signalling label. Otherwise, UE may not know what the accurate RF requirements are for a specific network work signalling lable.
Observation 2: As Rel-17 has been finalized, it’s too late to introduce a new IE which is analogous to LTE with a separate parameter due to NBC issue. Option 2 in WF R4-2214409 is not preferred.
Observation 3: The reason why RAN2 stress “Network configures the same value in additionalSpectrumEmission for all uplink carrier(s) of the same band with UL configured” is that specification or network can’t require or configure two different sets of RF requirements to UE for intra-band UL CA. Otherwise, UE may be confused and doesn’t know which set of RF requirements need to be met.
Observation 4: the demands for NS_47 are only applicable to single carrier instead of intra-band UL CA. That’s why CA_NS_47 wasn’t specified. If we remove CA_NS and CA_NC_NS as suggested in WF R4-2214409, it will cause some ambiguity.
Proposal 1: introducing a new IE which is analogous to LTE with a separate parameter will cause NBC issue, so option 2 in WF R4-2214409 is not preferred. 
Proposal 2: “CA_NS_XX and CA_NC_NS_XX” should be kept to indicate the specific RF requirements, which is used in RAN4 specification. In addition, “CA_NS_XX and CA_NC_NS_XX” need to be associated to network signalling label additionalSpectrumEmission.
Proposal 3: In order to indicate the same RF requirements for all uplink carrier(s) of the same band, Network is required to configure the same value in additionalSpectrumEmission for all uplink carrier(s) of the same band with UL configured. However, some exceptions are allowed as below. With these exceptions, the same RF requirements for all uplink carrier(s) of the same band are also applicable.
For UEs configured with intra-band contiguous CA in n77 and if NS_01 is indicated for an uplink component carrier in the range 3450-3650 MHz and NS_01 or NS_57 for another uplink component carrier in the range 3650-3980 MHz, the allowed additional spurious emission and maximum output power reduction requirements are according to CA_NS_01.
For UEs configured with intra-band non-contiguous CA in n77 and if NS_01 is indicated for an uplink component carrier in the range 3700-3980 MHz and NS_01 or NS_55 for another uplink component carrier in the range 3450-3550 MHz, the allowed additional spurious emission and maximum output power reduction requirements are according to CA_NC_NS_01.
Proposal 4: in order to reflect the proposals above, the specification can be further improved as Annex.
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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]. 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 6.2A.3.1.1-2. The same intra-band contiguous UL CA RF requirements for all uplink carrier(s) of the same band should be applicable for UE when network configure values of the additionalSpectrumEmission for all uplink carrier(s) of the same band. Unless stated otherwise, Network configures the same value in additionalSpectrumEmission for all uplink carrier(s) of the same band with UL configured. However, exceptions are also allowed if the same intra-band contiguous UL CA RF requirements for all uplink carrier(s) of the same band are indicated by network.
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.]
For UEs configured with intra-band contiguous CA in n77 and if NS_01 (Value ‘0’ of additionalSpectrumEmission) is indicated for an uplink component carrier in the range 3450-3650 MHz and NS_01 (Value ‘0’ of additionalSpectrumEmission) or NS_57 (Value ‘2’ of additionalSpectrumEmission) for another uplink component carrier in the range 3650-3980 MHz, the allowed additional spurious emission and maximum output power reduction requirements are according to CA_NS_01.
Table 6.2A.3.1.1-2: Mapping of network signaling label
	NR CA band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	CA_n7
	CA_NS_01
	CA_NS_46
	
	
	
	
	
	

	CA_n40
	CA_NS_01
	
	
	
	
	
	
	

	CA_n41
	CA_NS_01
	CA_NS_04
	
	
	
	
	
	

	CA_n48
	CA_NS_01
	CA_NS_27
	
	
	
	
	
	

	CA_n77
	CA_NS_01
	CA_NS_01CA_NS_46
	CA_NS_01
	
	
	
	
	

	CA_n78
	CA_NS_01
	
	
	
	
	
	
	

	CA_n79
	CA_NS_01
	
	
	
	
	
	
	

	NOTE:	additionalSpectrumEmission corresponds to an information element of the same name defined in clause 6.3.2 of TS 38.331 [7].
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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. The same intra-band non-contiguous UL CA RF requirements for all uplink carrier(s) of the same band should be applicable for UE when network configure values of the additionalSpectrumEmission for all uplink carrier(s) of the same band. Unless stated otherwise, Network configures the same value in additionalSpectrumEmission for all uplink carrier(s) of the same band with UL configured. However, exceptions are also allowed if the same intra-band non-contiguous UL CA RF requirements for all uplink carrier(s) of the same band are indicated by network.  
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

	CA_NC_NS_04
	6.5A.2.3.2.1
6.5A.3.3.2.1
	CA_n41(2A)
	6.2A.3.1.2.1



For UEs configured with intra-band non-contiguous CA in n77 and if NS_01 (Value ‘0’ of additionalSpectrumEmission) is indicated for an uplink component carrier in the range 3700-3980 MHz and NS_01 (Value ‘0’ of additionalSpectrumEmission) or NS_55 (Value ‘1’ of additionalSpectrumEmission) for another uplink component carrier in the range 3450-3550 MHz, the allowed additional spurious emission and maximum output power reduction requirements are according to CA_NC_NS_01.
Table 6.2A.3.1.2-2: Mapping of network signaling label
	NR CA band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	CA_n41
	CA_NC_NS_01
	CA_NC_NS_04
	
	
	
	
	
	

	CA_n77
	CA_NC_NS_01
	CA_NC_NS_01
	CA_NC_NS_01
	
	
	
	
	

	CA_n78
	CA_NC_NS_01
	
	
	
	
	
	
	

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