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1.	Introduction
WRC19 has determined new emissions recommendations that are expected to be adopted by various regulatory bodies. In preparation for future regulation changes, we discuss framework to accommodate changing requirements.
This document is a resubmission of a contribution made for RAN4#94Bis-e, but was lost to records due to renumbering, and subsequent incorrect recreation under the new Tdoc number.
2. 	Discussion 
The motivation for changes in RAN4 was discussed in [1] and are summarized below:
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These recommendations are expected to be adopted as regulations as many other contributions also concur [2], [3], [4], [5]. There are two technical issues to solve:
1. Determining A-MPR and applicability rules
2. Identifying standards framework to accommodate changing emissions requirements
2.1 	A-MPRs 
We presented our view on A-MPRs required to comply with the WRC resolutions in [6]. Since then more detail on EU regulations have come to light: the protection level of the lower EESS band is expected to change from -8 dBm/200 MHz to +1 dBm/200 MHz (European Commission, Radio Spectrum Committee, RSCOM20-05rev3). 
A graphical representation of emissions requirements is shown in figure 2.1-1
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Figure 2.1-1: Anticipated regulatory emissions limit for lower EESS band
The anticipated regulatory requirements in Japan are expected to reflect WRC19 resolutions without change and are represented by the blue trace above: Introduction of +1 dBm/200 MHz in lower EESS and subsequent tightening of requirement to -5 dBm/200 MHz.
In the US, too carriers expect [2] WRC recommendations to be adopted. The date of introduction into the standard of the -5 dBm/200 MHz limit is not of significance, it merely must transpire well before the emissions requirement changeover date. The implementation of the change in affected deployments is more accurately gated by network signalling, rather than UE support of a new NS. For this reason, we believe that establishing the flags and AMPR sooner rather than later is beneficial.
Observation 1: It is beneficial to prepare for introduction of an emissions limit of +1 dBm/200 MHz in the lower EESS band and a subsequent tightening of the limit to -5 dBm/200 MHz
For the sake of giving them handles for this contribution we create NS flags:
· NS_203 corresponding to an emissions limit of +1 dBm/200 MHz, in the lower EESS band 
· NS_204 corresponding to an emissions limit of -5 dBm/200 MHz, in the lower EESS band 
Unique NS values for each requirement limit will work well if there is a well-established framework to allow UEs to adhere to different emissions limits by their dates of certification. We investigate this aspect in the next sub-section
The EU regulatory environment is represented by the red trace. The EU lower EESS requirement is unique in additionally requiring an emission limit of -10 dBm/100 MHz outside the SEM. 3GPP had originally assigned NS_202 to enforce -10 dBm/100 MHz emissions requirements. The AMPR from NS_202 extends automatic protection of the lower EESS band consistent with a -8 dBm/200 MHz limit. This automatic EESS protection can be verified by comparison of A-MPR values in the standard for NS_201 and NS_202 in v15.9. Since NS_202 AMPR is gated by -10 dBm/100 MHz requirement, relaxation of the lower EESS limit to +1 dBm/200 MHz or -5 dBm/200 MHz will not change back off requirements.
Observation 2: EU can persist with existing NS_202 for the foreseeable future
The standard however is missing the link between NS_202 and n257 as pointed out in [7]. NS_202 is also missing an explicit mention of emissions limit in the lower EESS band. We address both shortcomings in a companion draft CR [8]. Without these changes EU operators will not have the option of rolling our n257 networks while maintain compliance with EU
Protection for the upper EESS band imposes a similar introduction of new emissions requirements on n259 and n260. The solution here would mirror treatment for NS_203, referred to as NS_205 in this contribution, and in [2]
Observation 3: It is beneficial to prepare for introduction of an emissions limit of +7 dBm/1000 MHz and -13 dBm/MHz in the upper EESS band 
2.1.1 	Choice to reduce complexity of NS signalling
Our view on the AMPR requirement for existing UE classes and compliance with WRC resolutions was provided in [6]. Some simplification is possible based on that initial work. 
2.1.1.1 	Lower EESS
Both, NS_203 and CA_NS_203 requirements are relaxed enough to not need UE back-off in n257 [6]. We elaborate further: for single CC operation, the channel bandwidth can never exceed the frequency between 24.0 GHz and the low edge of the channel (2.5 GHz or more), which as we show in [2] is necessary condition for non-zero AMPR. Similarly, the condition for non-zero AMPR to apply in n257 in CA mode is also not satisfied, because the frequency separation of the CA (1.4 GHz max., for Rel-16) never exceeds the frequency between 24.0 GHz and the low edge of the CA configuration (2.5 GHz or more).
n257 deployments outside the EU have the option of not using NS_203. They may instead persist with signalling the default NS flag, NS_200. To support this option, n257 UEs must adopt the emissions limit corresponding to NS_203 as a general requirement, for example in the co-existence table. This change in our view is trivial because no extra MPR is needed to support the change, as we elaborate above.
Observation 4: n257 UE requirements can absorb the +1 dBm/ 200 MHz emissions limit as general requirements without impacting compliance
This type of retro-active modification of general requirements when it does not impact UE emissions compliance is consistent with the spirit of reducing dependence on NS flags.
2.1.1.2 	Upper EESS
A similar argument can be extended to NS_205 and n259, a band that has large ‘guard band’ to the upper EESS protected band (36.0 to 37.0 GHz). AMPR for NS_205 is effectively 0 for n259 UEs, per AMPR analysis presented in [6].
Observation 5: n259 UE requirements can absorb NS_205 emissions limit as general requirements without impacting compliance
2.2 	Framework for executing change in emissions limits 
There are two aspects to this problem:
1. Initial access into a network
2. Handover procedures
The identification of the problem and solution framework were identified in [9]. We support those proposals; we merely organize the information for convenient reference in this section, along with some examples.
2.2.1 	Initial access and change in emissions limits
In [9] it was pointed out that SA networks may have a problem with preserving UE attachment functionality across changes in emissions limits. 
TS38.331 includes the IE MultiFrequencyBandListNR-SIB, which is published by the network when the UE first attempts attachment. It comprises a list of NS values and a matching Pmax list associated with each NS. Pmax has not been implemented in FR2, but the NS list is what is important in this context. The expected UE behaviour is to adopt the first NS value it supports in the list; the list is hence a hierarchy of emissions limits. The required network behaviour to enable a smooth transition across a change in emissions limits is to publish the correct list of NS values to allow both legacy UEs and new UEs to remain functional.
The IE is captured below in figure 2.2.1-1:
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Figure 2.2.1-1: IE MultiFrequencyBandListNR-SIB
Consider our example case of introduction of +1 dBm/200 MHz requirement where no such requirement existed i.e. NS_200 to NS_203 
1. Network signalling implementation requirement:
a. Prior to introduction date, network signals NS_200
b. After introduction date, network signals NS_203 as first entry in nr-NS-Pmaxlist, NS_200 as second entry
2. UE implementation requirement:
a. UEs are required to recognize NS_203 after introduction date, to be consistent with the need to comply with new emissions requirements.
The cumulative effect of this type of scheme is that UEs certified after the introduction date of new emissions requirements will be compliant to the new emissions regulations, while allowing legacy UEs to remain unaffected
Consider a second example case of the change-over from +1 dBm/200 MHz to -5 dBm/200 MHz, i.e. NS_203 to NS_204
1. Network signalling implementation requirement:
a. Prior to change-over, network signals NS_203
b. After change-over, network signals NS_204 as first entry in nr-NS-Pmaxlist, NS_203 as second entry
2. UE implementation requirement:
a. UEs are required to recognize NS_204 after changeover date, to be consistent with the need to comply with tighter emissions requirements.
In this example, UEs certified before the changeover date are held to requirements corresponding to NS_203, but new UEs must comply with the tighter standard
Observation 6: The IE MultiFrequencyBandListNR-SIB provides the necessary framework in the standard to accommodate rolling changes to additional emissions requirements into initial access procedures
The IE discussed above is published in the SIB, so during handover, the new cell is unable to communicate its required hierarchy of NS flags. The new cell must limit itself to publishing just one NS value, which in turn would either bar legacy UEs, or would allow newer UEs to emit spurious emissions commensurate with requirements prior to changeover date, as pointed out by [9].
2.2.2 	Handover and change in emissions limits
As pointed out in [9], ‘If at least two types of UEs whose supported NS values are different for a band exist simultaneously in a NW and the NW cannot distinguish them, Standalone NW will see RRCReconfiguration failure during handover and Nonstandalone NW will see RRCReconfiguration failure during EN-DC configuration’. TS38.331 includes the RF parameters IE modifiedMPR-Behaviour, intended to convey to the network, its list of supported NS values in each band. 

RF-Parameters ::=                   SEQUENCE {
    supportedBandListNR                 SEQUENCE (SIZE (1..maxBands)) OF BandNR,
    supportedBandCombinationList        BandCombinationList                         OPTIONAL,
    appliedFreqBandListFilter           FreqBandList                                OPTIONAL,
    ...,
    [[
    supportedBandCombinationList-v1540  BandCombinationList-v1540                   OPTIONAL,
    srs-SwitchingTimeRequested          ENUMERATED {true}                           OPTIONAL
    ]],
    [[
    supportedBandCombinationList-v1550  BandCombinationList-v1550                   OPTIONAL
    ]],
    [[
    supportedBandCombinationList-v1560  BandCombinationList-v1560                   OPTIONAL
    ]]
}

BandNR ::=                          SEQUENCE {
    bandNR                              FreqBandIndicatorNR,
    modifiedMPR-Behaviour               BIT STRING (SIZE (8))                           OPTIONAL,
    mimo-ParametersPerBand              MIMO-ParametersPerBand                          OPTIONAL,
    extendedCP                          ENUMERATED {supported}                          OPTIONAL,
    multipleTCI                         ENUMERATED {supported}                          OPTIONAL,
    bwp-WithoutRestriction              ENUMERATED {supported}                          OPTIONAL,
    bwp-SameNumerology                  ENUMERATED {upto2, upto4}                       OPTIONAL,
    bwp-DiffNumerology                  ENUMERATED {upto4}                              OPTIONAL,
    crossCarrierScheduling-SameSCS      ENUMERATED {supported}                          OPTIONAL,
    pdsch-256QAM-FR2                    ENUMERATED {supported}                          OPTIONAL,
    pusch-256QAM                        ENUMERATED {supported}                          OPTIONAL,
    ue-PowerClass                       ENUMERATED {pc1, pc2, pc3, pc4}                 OPTIONAL,
    rateMatchingLTE-CRS                 ENUMERATED {supported}                          OPTIONAL,
    channelBWs-DL                       CHOICE {
        fr1                                 SEQUENCE {
            scs-15kHz                           BIT STRING (SIZE (10))                  OPTIONAL,
            scs-30kHz                           BIT STRING (SIZE (10))                  OPTIONAL,
            scs-60kHz                           BIT STRING (SIZE (10))                  OPTIONAL
        },
        fr2                                 SEQUENCE {
            scs-60kHz                           BIT STRING (SIZE (3))                   OPTIONAL,
            scs-120kHz                          BIT STRING (SIZE (3))                   OPTIONAL
        }
    }                                                                                   OPTIONAL,
    channelBWs-UL                       CHOICE {
        fr1                                 SEQUENCE {
            scs-15kHz                           BIT STRING (SIZE (10))                  OPTIONAL,
            scs-30kHz                           BIT STRING (SIZE (10))                  OPTIONAL,
            scs-60kHz                           BIT STRING (SIZE (10))                  OPTIONAL
        },
        fr2                                 SEQUENCE {
            scs-60kHz                           BIT STRING (SIZE (3))                   OPTIONAL,
            scs-120kHz                          BIT STRING (SIZE (3))                   OPTIONAL
        }
    }                                                                                   OPTIONAL,
    ...,
    [[
    maxUplinkDutyCycle-PC2-FR1                  ENUMERATED {n60, n70, n80, n90, n100}   OPTIONAL
    ]],
    [[
    pucch-SpatialRelInfoMAC-CE          ENUMERATED {supported}                          OPTIONAL,
    powerBoosting-pi2BPSK               ENUMERATED {supported}                          OPTIONAL
    ]],
    [[
    maxUplinkDutyCycle-FR2          ENUMERATED {n15, n20, n25, n30, n40, n50, 
														  n60, n70, n80, n90, n100}     OPTIONAL
    ]]
}
Figure 2.2.2-1: RF parameter IE modifiedMPR-Behaviour
Unfortunately, the format and contents of this IE have not been defined in RAN4. An example implementation was captured in a WF (not agreed) [10], and reproduced here for convenience:
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Figure 2.2.2-2: Example of modifiedMPR-Behaviour table for FR2 (courtesy [10])
The implementation above will convey to the network, the necessary information about the UE’s support of NS values, to enable seamless handover functionality.
Observation 7: The RF parameter IE modifiedMPR-Behaviour provides the necessary framework in the standard to preserve UE functionality during cell handover procedures across changes in emissions requirements
2.3 	Conclusion and proposal
We have incorporated all the observations above into a proposal in draft CR form [11], towards timely future deployment of network signalling to convey changing emissions restrictions.
3.	Conclusion
In preparation for incorporating WRC19 recommendations in 3GPP specs, there are two technical issues to solve:
1. Determining A-MPR and applicability rules
2. Identifying framework to accommodate changing emissions requirements
Observation 1: It is beneficial to prepare for introduction of an emissions limit of +1 dBm/200 MHz in the lower EESS band and a subsequent tightening of the limit to -5 dBm/200 MHz
Observation 2: EU can persist with existing NS_202 for the foreseeable future
Observation 3: It is beneficial to prepare for introduction of an emissions limit of +7 dBm/1000 MHz and -13 dBm/MHz in the upper EESS band 
We assume for this contribution that the emissions limits in Observation 3 are associated with ‘NS_205’
Observation 4: n257 UE requirements can absorb the +1 dBm/ 200 MHz emissions limit as general requirements without impacting compliance
Observation 5: n259 UE requirements can absorb NS_205 emissions limit as general requirements without impacting compliance
Observation 6: The IE MultiFrequencyBandListNR-SIB provides the necessary framework in the standard to accommodate rolling changes to additional emissions requirements into initial access procedures
Observation 7: The RF parameter IE modifiedMPR-Behaviour provides the necessary framework in the standard to preserve UE functionality during cell handover procedures across changes in emissions requirements
We have incorporated all the observations above into a proposal in draft CR form [11], towards timely future deployment of network signalling to convey changing emissions restrictions.
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MultiFrequencyBandListNR-SIB

The |E MultiFrequencyBandListNR-SIB indicates the list of frequency bands, for which cell (re-)selection parameters
are common, and a list of additionalPmax and additionalSpectrumEmission.
MultiFrequencyBandListNR-SIBinformation element

(1.. maxNrofMultiBands)) OF NR-MultiBandInfo

MultiFrequencyBandLiStNR-STB

NR-MultiBandInfo ::= s
fregBandIndicatorNR FregBandIndicatorNR
nr-NS-PmaxList NR-NS-PmaxList

NR-MultiBandinfo field descriptions

freqBandindicatorNR
Provides an NR frequency band number as definedin TS 38.101-1[15] and TS 38.101-2[39], table 5.2-1

nr-NS-PmaxList
Provides a list of additionalPmax and additionalSpectrumEmissionvalues. Ifthe fieldis absentthe 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).
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Example of NS table(Details are decided in the next
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Note 1: 1dBm/200MHz @23.6-24GHz is captured in UE to UE co-existence table
Note 2: Exact NS numbering can be discussed later. For instance, for n258, if -
8dBm/200MHz without harmonic is still necessary, NS_201 may be kept and

NS 202 mav be modified to incorporate -8dBm/200MHz on top of harmonics.




