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Discussion and Decision
1. Introduction
For EN-DC, RAN2 has agreed that the NW shall always provide measurement gaps for serving/neighbour frequency measurements in Rel15, but it is inefficient to continue this for Rel16 and NR SA. This contribution assess the measurement gap capability signalling aspects based on the RAN4 LS and RAN2 agreements, and proposes effective capability signalling framework that is extensible for later releases of NR and that also intends to reduce the measurement gap capability signalling size for NR SA.  
2. Discussion

2.1 Measurment gap requirements

2.1.1 Measurement gap capability in intra-band non-contiguous carrier case 

	· The UE support of NC CA is conditioned on the frequency separation (gap) between the CCs. This capability may be different for UL NC CA and DL NC CA.

· The MIMO capability for intra-band NC CA may depend on the CC frequency separation supported.


Based on the above RAN4 LS to RAN2 related to UE capabilities signalling (R2-1712137/ R4-1711623), it can be also inferred that for the UE, the separation of the carriers in the same band can be a factor in determining the use of a single Rx chain for both carriers in the same band, or the use of two Rx chains for the two intra-band carriers. And the usage/availability of the Rx chains also dictates the needs for gaps to measure other inter/intra-band/interRAT measurements. Figure 1 below depicts a deployment of intra-band non-contiguous NR CA as well as the BWP configurations within the NR carriers.  

It is possible that the UE can report the need for gap information for all possible carrier intra-band non-contiguous deployments in a band. But the amount of measurement gap necessity information to be signalled with this approach, considering that the BWP deployment within the carrier also needs to be taken into consideration, can be very high.
Observation 1: In the NR carrier aggregation configuration which has at least two carriers in the intra-band non-contiguous deployment, the need for the measurement gaps by the UE for particular measurement objects also depends on the separation of intra-band carrier aggregated NR carriers, and this information is available only after the NW provides the CA configuration.
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Figure 1: Multiple BWP and intra-band non-contiguous carrier deployment scenario.
2.1.2 Measurement gap requirements for NR SA in multiple active BWP cases
It has been decided that for release-15, the UE could have only one active BWP at a time, but multiple active BWPs are not precluded in later releases of NR. Depending on implementation, some multiple BWPs could be assumed to be implemented using different Rx chains, where the configuration of the number of BWPs and their location could dictate if a particular UE would need a measurement gap to measure certain bands/RATs. And this can be known to the UE only based on the NW RRC configuration and activation of the BWPs. As figure 1 shows a deployment of two BWPs in each of the carriers, the need of a measurement gap can differ based on whether two or three or all four of the BWPs are active. 
Similar reasons can be applied for the measuring of the neighbour cells on the same serving cell frequency. The need of gaps for intra-frequency measurement could depend on the current configuration provided by the network.
Observation 2: In multiple active BWP cases, the need for gap information would need to consider the impact from the activation of combinations of the configured BWPs from the resultant RRC message.  
2.1.3 Measurment gaps for miscelleneous purposes
With NR, futher need for gaps can arise for various purposes:

· For SSB based serving cell measurement if the active BWP where the UE is in does not have the CS-SSB

· For the SSB based measurements for serving or neighbour cell measurements where the centre frequency of the UE does not align with the SSB, or if the operating BW of the active BWP is different from the SSB.

· In SUL cases, the presence of the TX on a particular SUL band:

· May require the resources of the RFIC which can mean the need for gaps for measuring on particular measurement object, due to the lack of the used up RFIC resources.
· May cause interference on a particular Rx measurement, affecting the Rx Receiver Sensitivity due to the operation of the SUL Tx, and hence warrant the need for a gap for that Rx measurement
Observation 3: The measurement gaps might be needed in various other cases for the UE, as there are only a few cases where the UE does not need gaps for measuring the serving or neighbor cells. And it is expected that the NW configures some form of gaps to the UE for most of the connected mode operation.
2.2 LTE measurement gap capability reporting 
In LTE, the need for measurement gap capability is reported for every supported band and for every supported CA band combination. In each of the per band and per band combinations measurement gap capability entries, the need for gaps capability is reported for all of the supported bands and for all supported RATs the UE supports.. 
In addition to this, when requested by the NW in a RRC Reconfiguration message in rel-14, the measurement gap capability is reported per currently configured carrier where the need for the gap and the type of the needed gap is reported. Figure 2 shows this information where inter-RAT measurement gap capability is not shown as it is not relevant for this discussion. 
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Figure 2: LTE measurement gap capability provided by the UE.
For NR, following the RAN4 recommendation, the same format of reporting needForGaps for each supported band in LTE and each RAT for every CA band combination, potentially has to be reused for NR SA with NR and LTE bands as well. In addition, even though the non-uniform gap, short gap and the NW configured short gap feature are not in release-15, they are not precluded in the later releases of NR, and so should be considered in the capability signaling analysis.

Observation 4: Large amount of measurement gap information capability can be potentially transferred in NR SA UE capability message.
Observation 5: The measurement gap information is RF specific and cannot be added into the baseband processing capability (BPC) table. 

Observation 6: if measurement gap information is included within the RF BCs, UE may not skip fallback BCs, as with the lower order CA BC, the UE can potentially be able to measure certain bands without the need for gaps, compared to the higher order CA BC where the gaps are needed by the UE due to additional Rx chains being used up.
Observation 7: Implicit assumption of the no measurement gap need for all the lower order CA BCs for a particular higher order CA BC may not be possible always, as depending on the UE implementation of the lower order CA BC, the measurement gaps might be still needed for certain lower order CA BCs (for eg., due to the usage of a wider/lower BW filter, while still using the same RFIC for both the higher order CA BC as wells as some of the lower order CA BCs).

In Rel-14, the perCC measurement gap capability is introduced where the UE reports the support of NW configured short gaps (NCSG) for each of the component carriers the UE is configured with, if the NW has requested such information.

Observation 8: Rel-14 already introduced a framework where some of the measurement gap capability per component carries is transferred from the UE to the NW outside of the UE capability request/information messages.

2.3 Methods to reduce the measurement gap capability reporting size for NR SA

In section 2.1 of this paper, we have provided the UE may have different the need for gap capability depending on a configuration provided by the NW. There can be cases where the UE may or may not require measurement gaps, based on the RRC configuration message from the NW. Without the UE informing the need for gap information after the configuration the NW may not be aware of this information. 
In section 2.2 of this paper, we have provided information that suggests that including static measurement gap information in UE capability information can increase the capability signaling size and may not be applicable all the times. 

To address this as well as help with in the UE capability size reduction, we propose that the measurement gap requirement be reported by the UE in the UE response to configuration messages where the need for gaps is derived from the configuration the UE is in after applying the NW provided message. We already have the LTE rel-14 per-CC based procedure where the gap capability information is transferred outside the UE capability information, and this framework can be re-used for NR with enhancements.
Proposal 1: For NR SA, the UE reports the measurement gap requirement information in the UE response to NW configuration messages where this is reported only for the resultant configuration. The static ‘needForGap’ measurement gap capability content reported for each supported NR and IRAT bands in the UE capability information message is not applied to NR SA. 
Proposal 2: The measurement gap requirement information contains the type of gaps the UE needs (or the need for no gap), to measure the measurement objects currently configured to the UE. The UE reports this based on the measurement needs and the current configuration and if there are no gaps or the configured gap is not sufficient. FFS on the type of the gap that can be provided by the UE in this information, based on the RAN4 input on the types of gaps for NR SA. 
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Figure 2: Measurement gap capability provided by the UE using the proposal where the gap capability information is only for the current configuration.
With this proposal, the NW would need one more RRC message to configure the gaps, as ’needed type of gap’ information is only provided after the configuration is given to the UE.

Due to the complexity and flexibility of NR, there are many scenarios where the gaps would be needed by the UE, and that the NW could configure atleast a normal gap in these scenarios by default (similar to the EN-DC way).The UE in these scenarios can provide the need for a differnet type of gap or that it does not need a gap based on the resultant carrier, measurement object and measurement gap configuration from the RRC message, and the needed gap change can be done by another RRC message, only in these cases. 

We believe that the rather sparse occasions where the UE would not require gaps (or requires a different gap type) and the amount of size savings we get with UE provided dynamic gap type requirement logic (where the legacy ‘needForGaps’ information is skipped), the effect from additional RRC message, should be acceptable.. 
Even with the assumption that the UE can report the type of gap ( for eg., based on LTE : normal gap/short gap/ no gap),  the amount of bits needed to transfer the needed gap request is very samll, and so the signaling overhead should be minimal. 

The below sequence diagram provide the pictorial view of the proposal.
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3. Text Proposal for 38.331 for NR SA 
May provide the sample ASN.1 changes below
-- ASN1START

BandListNR ::=




SEQUENCE (SIZE (1..maxBands)) OF BandNR 

BandInfoNR ::=




SEQUENCE {


interFreqBandListNR




InterFreqBandListNR,


interRAT-BandListNR




InterRAT-BandListNR

OPTIONAL

}

InterFreqBandListNR ::=



SEQUENCE (SIZE (1..maxBands)) OF InterFreqBandInfoNR
InterFreqBandInfoNR ::=



SEQUENCE {


interFreqNeedForGaps



ENUMERATED {npGap, FR1, FR2}
}

InterRAT-BandListNR ::=



SEQUENCE (SIZE (1..maxBands)) OF InterRAT-BandInfoNR
InterRAT-BandInfoNR ::=



SEQUENCE {


interRAT-NeedForGaps



BOOLEAN    -- always assumed to be FR1
}

RRCReconfigurationComplete-IEs ::= SEQUENCE {

    -- other UE triggered information transfer IEs to be added here 

measurementGapCapabilityInfo MeasurementGapCapability OPTIONAL,
    nonCriticalExtension        SEQUENCE {} OPTIONAL

}

MeasurementGapCapability ::= SEQUENCE {

 gapIndication ENUMERATED {gap, ncsg, nogap-noNcsg, FR1-gap, FR2-gap}  -- ncsg gap not planned for rel-15 OPTIONAL, 


-- gapIndication can also have UE preferred gap from the 24 gap patterns that UE would like to request the NW. This can be discussed in RAN2 and is TBD.

}

RRCConnectionSetupComplete-IEs ::= SEQUENCE {

    -- other UE triggered information transfer IEs to be added here 


measurementGapCapabilityInfo MeasurementGapCapability OPTIONAL,
    nonCriticalExtension        SEQUENCE {} OPTIONAL

}

RRCConnectionResumeComplete-IEs ::= SEQUENCE {

    -- other UE triggered information transfer IEs to be added here 


measurementGapCapabilityInfo MeasurementGapCapability OPTIONAL,
    nonCriticalExtension        SEQUENCE {} OPTIONAL

}

RRCConnectionReestablishmentComplete-IEs ::= SEQUENCE {

    -- other UE triggered information transfer IEs to be added here 


measurementGapCapabilityInfo MeasurementGapCapability OPTIONAL,
    nonCriticalExtension        SEQUENCE {} OPTIONAL

}

-- FFS on the below signalling
UECapabilityInformation ::= SEQUENCE {

    -- other UE triggered information transfer IEs to be added here 


measurementGapCapabilityInfo MeasurementGapCapability OPTIONAL,
    nonCriticalExtension        SEQUENCE {} OPTIONAL

}

InDeviceCoexIndication ::= SEQUENCE {

    -- other UE triggered information transfer IEs to be added here 


measurementGapCapabilityInfo MeasurementGapCapability OPTIONAL,
    nonCriticalExtension        SEQUENCE {} OPTIONAL

}

-- ASN1STOP

4. Conclusion
Observation 1: In the NR carrier aggregation configuration which has at least two carriers in the intra-band non-contiguous deployment, the need for the measurement gaps by the UE for particular measurement objects also depends on the separation of intra-band carrier aggregated NR carriers, and this information is available only after the NW provides the CA configuration.

Observation 2: In multiple active BWP cases, the need for gap information would need to consider the impact from the activation of combinations of the configured BWPs from the resultant RRC message. 
Observation 3: The measurement gaps might be needed in various other cases for the UE, as there are only a few cases where the UE does not need gaps for measuring the serving or neighbor cells. And it is expected that the NW configures some form of gaps to the UE for most of the connected mode operation.
Observation 4: Large amount of measurement gap information capability can be potentially transferred in NR SA UE capability message.

Observation 5: The measurement gap information is RF specific and cannot be added into the baseband processing capability (BPC) table. 

Observation 6: if measurement gap information is included within the RF BCs, UE may not skip fallback BCs, as with the lower order CA BC, the UE can potentially be able to measure certain bands without the need for gaps, compared to the higher order CA BC where the gaps are needed by the UE due to additional Rx chains being used up.

Observation 7: Implicit assumption of the no measurement gap need for all the lower order CA BCs for a particular higher order CA BC may not be possible always, as depending on the UE implementation of the lower order CA BC, the measurement gaps might be still needed for certain lower order CA BCs (for eg., due to the usage of a wider/lower BW filter, while still using the same RFIC for both the higher order CA BC as wells as some of the lower order CA BCs).

Observation 8: Rel-14 already introduced a framework where some of the measurement gap capability per component carries is transferred from the UE to the NW outside of the UE capability request/information messages.

Proposal 1: For NR SA, the UE reports the measurement gap requirement information in the UE response to NW configuration messages where this is reported only for the resultant configuration. The static ‘needForGap’ measurement gap capability content reported for each supported NR and IRAT bands in the UE capability information message is not applied to NR SA. 

Proposal 2: The measurement gap requirement information contains the type of gaps the UE needs (or the need for no gap), to measure the measurement objects currently configured to the UE. The UE reports this based on the measurement needs and the current configuration and if there are no gaps or the configured gap is not sufficient. FFS on the type of the gap that can be provided by the UE in this information, based on the RAN4 input on the types of gaps for NR SA. 
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