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1	Introduction
In RAN2#108, it was agreed that: 
For Release-16, if both the network and UE support such capability reporting, the measurement gap requirement information for NR target is reported back by the UE in the UE response to a NW configuration RRC message where this is reported based on the resultant configuration. 
Assumption: UE report NeedForGap capability for supported NR bands 
  
 [108#58][TEI16] NeedForGap Signaling (MTK)
Scope: arrive at agreeable CRs
	Intended outcome: Agreeable CRs, If remaining open issues also a report
	Deadline:  2020-01-30

An email discussion was done after RAN2 108 regarding open issues for NeedForGap signaling[1] with draft CRs to 38.331[2]. For Quesiton5 below about when the UE should include the new NeedForGap signaling in RRC Reconfiguration complete message, a clear majorities prefer to have some predefine rule on when the UE should include the NeedForGap signaling. Additionally, A single bit (e.g. nr-needForGapsReportConfig in 38.331 draft CR) was proposed to act as switch to enable/disable the feature from network side to handle specific scenarios, e.g. during HO in severe scenario, or in case the old version gNB does not support this. 
However, the single bit switch was not fully discussed in the email discussion and it was kept FFS in draft CR.
Question 5: When do you think the UE should include the new NeedForGap signaling in the RRC complete message?
· Option 1 – According to NW enquiry 
· Option 2 – Based on predefined rules

From network point of view, we agree the intention to add some network control mechanism to handle the specific scenarios as well as improve signalling efficiency. In this contribution, we have further discussion on the possible issues of current solution and propose adding more network control mechanism.
2	Discussion
In email discussion, the proposed solution of the new NeedForGap signalling is to change the legacy design (i.e. reporting NeedForGap per target band per band combination) to dynamic reporting of NeedForGap per target band based on “current” band combination and other L1 parameters, and the UE reports whether gap is needed for each supported NR (target) band in the response RRC message based on the resultant configuration.
In below table 1, we illustrate the matrix of new NeedForGap signalling. UE should decide the capability bits for each combination of specific Source bands and Target bands, and then report all the capability bits to network via RRCReconfigurationComplete  or RRCResumeComplete messages.

	Capability Indicators
	Capability Source Bands
	Capability Target Bands

	NeedForGap bits in RRCReconfigurationComplete  or RRCResumeComplete messages
	“Current” serving cell’s resultant configuration after RRCReconfiguration, e.g.
· Serving cell’s band or
· Serving cell’s band combination
	Each UE supported NR band.


Table 1:  Proposed NeedForGap signalling matrix in email discussion

2.1	Signalling overhead to support each UE supported Target Bands
For each combination of specific Source bands and Target band, as agreed in the email discussion question12, NeedForGap bits is defined as a sequence including bandNR (FreqBandIndicatorNR) and gapIndication (ENUMERATED {gap, no-gap, no-gap-with-interruption}). To indicate bandNR and gapIndication, 12 bits is needed for each target band. 
NeedForGapsBandlistNR ::=  SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR   OPTIONAL

NeedForGapsNR  ::=     SEQUENCE {
    bandNR                FreqBandIndicatorNR
    gapIndication         ENUMERATED {gap, no-gap, no-gap-with-interruption}
}
Note: FreqBandIndicatorNR ::= INTEGER (1..1024), and 
maxBands INTEGER ::= 1024 -- Maximum number of supported bands in UE capability.

To support each UE supported target band, the signalling overhead is not negligible (depends on the number of supported bands). If the total number of UE supported bands is N, then N*12 bits need to be reported in RRC message. E.g. in case where UE support 30 FR1 bands, then about 360 bits needed to be piggybacked on RRCReconfigurationComplete  or RRCResumeComplete messages. With more and more frequency bands supported by UE, especially more FR2 frequencies requested by operators, more bits need to be reported by UE. The signalling overhead impact should be considered to make the solution future-proofing.
Observation 1: To support each of UE supported target band, the NeedForGap signalling overhead is not negligible (depends on the number of supported bands), especially when UE supports more and more FR1/FR2 bands in future.
On the other hand, if network only support limited bands (e.g. hardware restriction in NW), from signalling efficiency point of view, it makes NO sense to ask UE to report the gap indictor for target bands which will not be used or potentially be used by network. 
As the measurement to target band if configured by network, it is not possible for UE to know which target band should be reported before it was configured by DL RRC. So, from UE’s perspective, it is hard to decide how to filter the reported target band. 
Observation 2: If network only support limited bands (e.g. hardware restriction in NW), it makes no sense to ask UE to report the gap indictors for target bands which will not be used or potentially be used by network. Moreover, UE is hard to decide how to filter the reported target bands before NW configure the measurements or indicate the measured bands.
From network perspective, network should have the flexibility to control the message size of gap indicator, especially in some extreme RF conditions scenarios e.g. RACH in cell edge with bad RF conditions or during HO in severe scenario. Otherwise, the UE RRC response message (e.g. RRCReconfiguration complete) transmission may be failed.
For the NW configured single bit switch to enable or disable this feature, it is not possible to report partial target bands NeedForGap capability (i.e. only empty capability or full target bands capability). This is not good for UE in cell edge, which may have no opportunity to report NeedForGap to save the size of RRCReconfiguration message as always.  
So, to facilitate the UE report NeedForGap capability bits on demand, network should indicate proper target bands via DL RRC message (e.g. RRCReconfiguration), which is similar to band filter (which is mandatory in NR) in legacy UE capability enquiry message. 
Proposal 1: In dynamic NeedForGap signalling, target band filter should be introduced in DL RRC message to facilitate the UE report NeedForGap capability bits on demand, which is beneficial for UE RACH in bad RF conditions or during HO in severe scenarios by giving the flexibility to NW to control the message size via setting filtered target bands that will be used or potentially be used by network.

2.2	Measurement Configuration Restriction with support of current serving cell’s resultant configuration only
In the proposed solution in email discussion, to take the L1 parameters of serving cell into account in order to decide the capability, UE only reports NeedForGap capability for one Capability Source Band or Band Combination (i.e. current Serving cell’s resultant configuration, please refer to table 1). 
However, it seems not so nice that the NW has to get new NeedForGap capability every time the serving cell’s band combination is reconfigured, especially for procedures which need prior knowledge before configurating/modifying measurements (e.g. in HO procedure or Scell addition procedure). 
For example, in Handover procedure, it is impossible for target node to configure proper inter-frequency or inter-RAT MeasCofig in HO command because NW has NO NeedForGap capability information assuming UE reconfigured to target cell’s serving bands via handover.  
The target node has two options:
-	Option1: configure all inter-freq or inter-RAT measurements with Measurement Gap in HO Command
-	Option2: NOT configure any inter-frequency or inter-RAT measurements in HO Command
Only after Handover, NW can get target cell’s serving bands (i.e. new resultant configuration of new serving cell) NeedForGap capability information with another round of capability enquiry/report after/during UE’s serving cell band change (e.g. after or during a successful HO). 
Both option1 and option2 are not good choice from performance point of view:
· Option1 will bring extra and unnecessary measurement gap duration until target node re-configure the measurements without gap 
(i.e. gap may be removed after NW get new retrieved NeedForGap capability for new resultant configuration after handover). 
· Option2 will delay the trigger of inter-frequency or inter-RAT measurement, and one additional RRC message needed to configure the inter-freq/inter-RAT measurements.
Observation 3: During Handover procedure, it is impossible for target node to configure proper inter-frequency or inter-RAT Measurement properly in handover command, if target node has no prior NeedForGap capability information corresponding to resultant band combination(s) which will be reconfigured to UE via HO command. The same situation will happen in Scell addition/release procedure. 
To help NW get prior NeedForGap capability knowledge corresponding to resultant band configuration(s) of target cell before triggering handover, one possible way is that, network indicate UE report NeedForGap for multiple Capability Source Bands configuration in DL RRC (e.g. RRCReconfiguration), in which UE will report NeedForGap not only for “current” Serving cell’s resultant band configuration to different target bands, but also for potential target cell’s band configuration to different target bands. Below figure1 illustrates the difference between old proposal in email discussion and new proposal in this paper.
[image: ]
Figure 1: NeedForGap signalling with different capability source bands
For the NeedForGap capability indicated between potential target cell’s band configuration and different target bands, one open issue is that UE may have no L1 configuration of target cell. It is up to UE’s implementation to consider either all kinds of L1 configuration in this Band Combination which is same as UE’s legacy NeedForGap evaluation behavior in LTE, or UE’s current serving cell’s L1 configuration or any other alternative. After the UE is reconfigured (by Handover or Scell addition/release) to serving cell with new resultant configuration, UE can report the updated NeedForGap signaling to NW if needed.
Proposal 2: In dynamic NeedForGap signalling, to support UE report NeedForGap capability based on resultant configuration not only for current serving cell but also for potential cell which UE is to be served, network should provide the band combination(s) of potential serving cell to UE in DL RRC message. Otherwise, the target node is not able to configure proper inter-frequency or inter-RAT Measurement in handover command or Scell addition as lack of gap capability.

2.3	In summary
Regarding when the UE should include the NeedForGap signaling, it is reasonable to define some predefined rules for UE to trigger NeedForGap reporting as agreed in email discussion Question6. On top of those rules, we think additional network control mechanism is necessary to control the message size as well as enable one step inter-freq/inter-RAT measurement configuration during HO procedure and Scell addition/release procedure.
The additional network control mechanism can be illustrated as table2 below.
	Capability Indicators
	Capability Source Bands
	Capability Target Bands

	NeedForGap bits in RRCReconfigurationComplete  or RRCResumeComplete messages
	Network configures multiple bands configuration, e.g.
· Serving cell’s band or band combination   as table1 
· [bookmark: _GoBack]Potential target cell’s band(s) or band combination(s) For handover procedure and Scell addition/release procedure
	Network indicates filtered target bands that will be used or potentially be used by network.


Table 2:  New Proposed NeedForGap signalling matrix
Proposal 3: To improve NeedForGap signalling efficiency, additional network control mechanism is necessary to control the message size as well as enable one step inter-freq/inter-RAT measurement configuration during HO procedure or Scell addition/release procedure.

A possible 38.331 ASN.1 modification can be found in Annex. 
3	Conclusion
Based on the discussion in section 2 we have below observations: 
Observation 1: To support each of UE supported target band, the NeedForGap signalling overhead is not negligible (depends on the number of supported bands), especially when UE supports more and more FR1/FR2 bands in future.
Observation 2: If network only support limited bands (e.g. hardware restriction in NW), it makes no sense to ask UE to report the gap indictors for target bands which will not be used or potentially be used by network. Moreover, UE is hard to decide how to filter the reported target bands before NW configure the measurements or indicate the measured bands.
Observation 3: During Handover procedure, it is impossible for target node to configure proper inter-frequency or inter-RAT Measurement properly in handover command, if target node has no prior NeedForGap capability information corresponding to resultant band combination(s) which will be reconfigured to UE via HO command. The same situation will happen in Scell addition/release procedure. 
Based on the discussion in section 2 we have below proposals: 
Proposal 1: In dynamic NeedForGap signalling, target band filter should be introduced in DL RRC message to facilitate the UE report NeedForGap capability bits on demand, which is beneficial for UE RACH in bad RF conditions or during HO in severe scenarios by giving the flexibility to NW to control the message size via setting filtered target bands that will be used or potentially be used by network.
Proposal 2: In dynamic NeedForGap signalling, to support UE report NeedForGap capability based on resultant configuration not only for current serving cell but also for potential cell which UE is to be served, network should provide the band combination(s) of potential serving cell to UE in DL RRC message. Otherwise, the target node is not able to configure proper inter-frequency or inter-RAT Measurement in handover command or Scell addition as lack of gap capability.
Proposal 3: To improve NeedForGap signalling efficiency, additional network control mechanism is necessary to control the message size as well as enable one step inter-freq/inter-RAT measurement configuration during HO procedure or Scell addition/release procedure.
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5 Annex
38.331 ASN.1 modification to support additional network control mechanism.

[bookmark: _Toc20425880]6.2.2	Message definitions
<Skip unrelated parts>
[bookmark: _Toc20425893]–	RRCReconfiguration
The RRCReconfiguration message is the command to modify an RRC connection. It may convey information for measurement configuration, mobility control, radio resource configuration (including RBs, MAC main configuration and physical channel configuration) and AS security configuration.
Signalling radio bearer: SRB1 or SRB3
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
RRCReconfiguration message
-- ASN1START
-- TAG-RRCRECONFIGURATION-START

RRCReconfiguration ::=              SEQUENCE {
    rrc-TransactionIdentifier           RRC-TransactionIdentifier,
    criticalExtensions                  CHOICE {
        rrcReconfiguration                  RRCReconfiguration-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

RRCReconfiguration-IEs ::=          SEQUENCE {
    radioBearerConfig                       RadioBearerConfig                                                      OPTIONAL, -- Need M
    secondaryCellGroup                      OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Need M
    measConfig                              MeasConfig                                                             OPTIONAL, -- Need M
    lateNonCriticalExtension                OCTET STRING                                                           OPTIONAL,
    nonCriticalExtension                    RRCReconfiguration-v1530-IEs                                           OPTIONAL
}

RRCReconfiguration-v1530-IEs ::=            SEQUENCE {
    masterCellGroup                         OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Need M
    fullConfig                              ENUMERATED {true}                                                      OPTIONAL, -- Cond FullConfig
    dedicatedNAS-MessageList                SEQUENCE (SIZE(1..maxDRB)) OF DedicatedNAS-Message                     OPTIONAL, -- Cond nonHO
    masterKeyUpdate                         MasterKeyUpdate                                                        OPTIONAL, -- Cond MasterKeyChange
    dedicatedSIB1-Delivery                  OCTET STRING (CONTAINING SIB1)                                         OPTIONAL, -- Need N
    dedicatedSystemInformationDelivery      OCTET STRING (CONTAINING SystemInformation)                            OPTIONAL, -- Need N
    otherConfig                             OtherConfig                                                            OPTIONAL, -- Need M
    nonCriticalExtension                    RRCReconfiguration-v1540-IEs                                           OPTIONAL
}

RRCReconfiguration-v1540-IEs ::=        SEQUENCE {
    otherConfig-v1540                       OtherConfig-v1540                      OPTIONAL, -- Need M
    nonCriticalExtension                    RRCReconfiguration-v1560-IEs           OPTIONAL
}

RRCReconfiguration-v1560-IEs ::=            SEQUENCE {
    mrdc-SecondaryCellGroupConfig               SetupRelease { MRDC-SecondaryCellGroupConfig }                    OPTIONAL,   -- Need M
    radioBearerConfig2                          OCTET STRING (CONTAINING RadioBearerConfig)                       OPTIONAL,   -- Need M
    sk-Counter                                  SK-Counter                                                        OPTIONAL,   -- Need N
    nonCriticalExtension                        RRCReconfiguration-v16xx-IEsSEQUENCE {}                                                       OPTIONAL
}

RRCReconfiguration-v16xx-IEs ::=            SEQUENCE {
nr-needForGapsReportConfig                 ENUMERATED {enabled, disabled}                                    OPTIONAL,   -- Need M

FreqBCList-ForGapEnquiry ::=         SEQUENCE {
sourceBC-ForGapEnquiry               CHOICE {
			currentBC					NULL,
			sourceBC,					BandList,
			sourceBCList				SEQUENCE (SIZE (1..maxBandComb)) OF BandList
}    									 
targetBandsForGapEnquiry            CHOICE {
			UEsupportedBands			NULL,
			FilterTargetBands			SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR,
	}    									 
}										OPTIONAL,  	-- Cond nr-needForGapReport


    nonCriticalExtension                       SEQUENCE {}                                                       OPTIONAL
}

BandList ::= SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters

-- Editor Note: It is still FFS whether to have nr-needForGapsReportConfig define for high level feature control. If agreed not to have, the change here will be removed and the corresponding procedure text will be updated.


MRDC-SecondaryCellGroupConfig ::=       SEQUENCE {
    mrdc-ReleaseAndAdd                  ENUMERATED {true}                                                         OPTIONAL,   -- Need N
    mrdc-SecondaryCellGroup             CHOICE {
        nr-SCG                              OCTET STRING  (CONTAINING RRCReconfiguration), 
        eutra-SCG                           OCTET STRING
    }
}

MasterKeyUpdate ::=                 SEQUENCE {
    keySetChangeIndicator           BOOLEAN,
    nextHopChainingCount            NextHopChainingCount,
    nas-Container                   OCTET STRING                                                     OPTIONAL,    -- Cond securityNASC
    ...
}

-- TAG-RRCRECONFIGURATION-STOP
-- ASN1STOP
	RRCReconfiguration-IEs field descriptions

	dedicatedNAS-MessageList
This field is used to transfer UE specific NAS layer information between the network and the UE. The RRC layer is transparent for each PDU in the list. 

	dedicatedSIB1-Delivery
This field is used to transfer SIB1 to the UE. The field has the same values as the corresponding configuration in servingCellConfigCommon.

	dedicatedSystemInformationDelivery
This field is used to transfer SIB6, SIB7, SIB8 to the UE.

	fullConfig
Indicates that the full configuration option is applicable for the RRCReconfiguration message for intra-system intra-RAT HO. For inter-RAT HO from E-UTRA to NR, fullConfig indicates whether or not delta signalling of SDAP/PDCP from source RAT is applicable. This field is absent when the RRCReconfiguration message is transmitted on SRB3, and in an RRCReconfiguration message contained in another RRCReconfiguration message (or RRCConnectionReconfiguration message, see TS 36.331 [10]) transmitted on SRB1.

	keySetChangeIndicator
Indicates whether UE shall derive a new KgNB. If reconfigurationWithSync is included, value true indicates that a KgNB key is derived from a KAMF key taken into use through the latest successful NAS SMC procedure, or N2 handover procedure with KAMF change, as described in TS 33.501 [11] for KgNB re-keying. Value false indicates that the new KgNB key is obtained from the current KgNB key or from the NH as described in TS 33.501 [11].

	masterCellGroup
Configuration of master cell group.

	mrdc-ReleaseAndAdd
This field indicates that the current SCG configuration is released and a new SCG is added at the same time.

	mrdc-SecondaryCellGroup
Includes an RRC message for SCG configuration in NR-DC or NE-DC.
For NR-DC (nr-SCG), mrdc-SecondaryCellGroup contains the RRCReconfiguration message as generated (entirely) by SN gNB. In this version of the specification, the RRC message can only include fields secondaryCellGroup and measConfig.
For NE-DC (eutra-SCG), mrdc-SecondaryCellGroup includes the E-UTRA RRCConnectionReconfiguration message as specified in TS 36.331 [10]. In this version of the specification, the E-UTRA RRC message can only include the field scg-Configuration.

	nas-Container
This field is used to transfer UE specific NAS layer information between the network and the UE. The RRC layer is transparent for this field, although it affects activation of AS  security after inter-system handover to NR. The content is defined in TS 24.501 [23].

	nextHopChainingCount
Parameter NCC: See TS 33.501 [11]

	nr-needForGapsReportConfig 
Indicates whether the UE shall report measurement gap requirement information of NR bands in the RRCReconfigurationComplete and RRCResumeComplete message.

	otherConfig
Contains configuration related to other configurations.

	radioBearerConfig
Configuration of Radio Bearers (DRBs, SRBs) including SDAP/PDCP. In EN-DC this field may only be present if the RRCReconfiguration is transmitted over SRB3.

	radioBearerConfig2
Configuration of Radio Bearers (DRBs, SRBs) including SDAP/PDCP. This field can only be used if the UE supports NR-DC or NE-DC.

	secondaryCellGroup
Configuration of secondary cell group ((NG)EN-DC or NR-DC). This field can only be present in an RRCReconfiguration message is transmitted on SRB3, and in an RRCReconfiguration message contained in another RRCReconfiguration message (or RRCConnectionReconfiguration message, see TS 36.331 [10]) transmitted on SRB1.

	sk-Counter
A counter used upon initial configuration of S-KgNB or S-KeNB, as well as upon refresh of S-KgNB or S-KeNB. This field is always included either upon initial configuration of an NR SCG or upon configuration of the first RB with keyToUse set to secondary, whichever happens first. This field is absent if there is neither any NR SCG nor any RB with keyToUse set to secondary.

	sourceBC-ForGapEnquiry               
Source band or band combinations by which network requests the UE to report the measurement gap requirement information.

	targetBandsForGapEnquiry
Target bands by which network requests the UE to report the measurement gap requirement information.



	sourceBC-ForGapEnquiry field descriptions

	currentBC
Indicates UE reports measurement gap requirement information whose source band or band combination is same as current serving cell’s resultant bands configuration (i.e. current band combination after RRCReconfiguration).

	sourceBCList
Indicates UE reports measurement gap requirement information whose source band or band combination is same as band configurations in sourceBCList or curentBC. 



	targetBandsForGapEnquiry field descriptions

	UEsupportedBands
Indicates UE reports measurement gap requirement information whose target band includes all UE supported bands.

	FilterTargetBands
Indicates UE reports measurement gap requirement information whose target band is same as bands included in FilterTargetBands. 




	Conditional Presence
	Explanation

	nonHO
	The field is absent in case of reconfiguration with sync within NR or to NR; otherwise it is optionally present, need N.

	securityNASC
	This field is mandatory present in case of inter system handover. Otherwise the field is optionally present, need N.

	MasterKeyChange
	This field is mandatory present in case masterCellGroup includes ReconfigurationWithSync and RadioBearerConfig includes SecurityConfig with SecurityAlgorithmConfig, indicating a change of the AS security algorithms associated to the master key. If ReconfigurationWithSync is included for other cases, this field is optionally present, need N. Otherwise the field is absent.

	FullConfig
	The field is mandatory present in case of inter-system handover from E-UTRA/EPC to NR. It is optionally present, Need N, during reconfiguration with sync and also in first reconfiguration after reestablishment; or for intra-system handover from E-UTRA/5GC to NR. It is absent otherwise.

	nr-needForGapReport
	This field is optionally present in case of UE report measurement gap requirement feature is enabled, Need M. Otherwise it is absent.





[bookmark: _Toc20425929]6.3.2	Radio resource control information elements
[bookmark: _Toc20426018]<Skip unrelated parts>
–	NeedForGapsInfoNR
The IE NeedForGapsInfoNR indicates whether measurement gap is required for the UE to perform SSB based measurements on a NR target band while NR-DC or NE-DC is not configured.
NeedForGapsInfoNR information element
-- ASN1START
-- TAG-NeedForGapsInfoNR-START

NeedForGapsInfoNR ::=        CHOICE {
    needForGapsFR            ENUMERATED {all, FR1-band, FR2-band, spare1},
    needForGapsBandlistNR    SEQUENCE (SIZE (1..maxBandComb)) OF NeedForGapssourceBCNR
}

NeedForGapssourceBCNR ::=    SEQUENCE {		
	sourceBC				 		SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,            
    NeedForGapsTargetBandlistNR	 	SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR
}

NeedForGapsNR  ::=                        SEQUENCE {
    bandNR                                     FreqBandIndicatorNR
    gapIndication                              ENUMERATED {gap, no-gap, spare2, spare1}
}

-- TAG-NeedForGapsInfoNR-STOP
-- ASN1STOP
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