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1. Introduction
During RAN3-116e a discussion was taken on the signalling needed to correctly configure Inter Frequency Measurements without Gaps. A summary of the offline discussion is available in R3-223758.
During the discussion it was identified that the configuration of no gap inter-frequency measurements may occur in single connectivity and in dual connectivity. However, companies could not agree on the need for a solution that covered both cases. 
This paper explains the issues in both single and dual connectivity scenarios and it proposes a way forward.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
RAN2 has agreed to the introduction of inter frequency no gap measurements. This has been achieved via the introduction in TS38.331 of the interFrequencyConfig-NoGap-r16 IE, which is signalled as part of the MeasConfig IE (see below).

RAN2 agreed that “If the field [interFrequencyConfig-NoGap-r16] is set to true, UE is configured to perform SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE”. 

RAN2 also agreed that “In NR-DC, the field can only be configured in the measConfig associated with MCG, and when configured, it applies to all the inter-frequency measurements configured by MN and SN.”. Namely, RAN2 agreed that only the MN can configure the interFrequencyConfig-NoGap-r16 IE and if the field is configured it also applies to interfrequency measurements configured by the SN.

Excerpt from TS38.331:
[bookmark: _Toc60777252][bookmark: _Toc100930149]–	MeasConfig
The IE MeasConfig specifies measurements to be performed by the UE, and covers intra-frequency, inter-frequency and inter-RAT mobility as well as configuration of measurement gaps.
MeasConfig information element
-- ASN1START
-- TAG-MEASCONFIG-START

MeasConfig ::=                      SEQUENCE {
    measObjectToRemoveList              MeasObjectToRemoveList                                              OPTIONAL,   -- Need N
    measObjectToAddModList              MeasObjectToAddModList                                              OPTIONAL,   -- Need N
    reportConfigToRemoveList            ReportConfigToRemoveList                                            OPTIONAL,   -- Need N
    reportConfigToAddModList            ReportConfigToAddModList                                            OPTIONAL,   -- Need N
    measIdToRemoveList                  MeasIdToRemoveList                                                  OPTIONAL,   -- Need N
    measIdToAddModList                  MeasIdToAddModList                                                  OPTIONAL,   -- Need N
    s-MeasureConfig                     CHOICE {
        ssb-RSRP                            RSRP-Range,
        csi-RSRP                            RSRP-Range
    }                                                                                                       OPTIONAL,   -- Need M
    quantityConfig                      QuantityConfig                                                      OPTIONAL,   -- Need M
    measGapConfig                       MeasGapConfig                                                       OPTIONAL,   -- Need M
    measGapSharingConfig                MeasGapSharingConfig                                                OPTIONAL,   -- Need M
    ...,
    [[
    interFrequencyConfig-NoGap-r16      ENUMERATED {true}                                                   OPTIONAL    -- Need R
    ]],
    [[
    posMeasGapPreConfigToAddModList-r17 PosMeasGapPreConfigToAddModList-r17                                 OPTIONAL,   -- Need N
    posMeasGapPreConfigToRemoveList     PosMeasGapPreConfigToRemoveList-r17                                 OPTIONAL    -- Need N
    ]]
}

MeasObjectToRemoveList ::=              SEQUENCE (SIZE (1..maxNrofObjectId)) OF MeasObjectId

MeasIdToRemoveList ::=                  SEQUENCE (SIZE (1..maxNrofMeasId)) OF MeasId

ReportConfigToRemoveList ::=            SEQUENCE (SIZE (1..maxReportConfigId)) OF ReportConfigId

PosMeasGapPreConfigToAddModList-r17 ::= SEQUENCE (SIZE (1..maxGapConfig-r17)) OF PosMeasGapPreConfig-r17

PosMeasGapPreConfigToRemoveList-r17 ::= SEQUENCE (SIZE (1..maxGapConfig-r17)) OF PosMeasGapPreConfig-r17

--Editor's Note: maxGapConfig is FFS--

-- TAG-MEASCONFIG-STOP
-- ASN1STOP

	MeasConfig field descriptions

	interFrequencyConfig-NoGap-r16
If the field is set to true, UE is configured to perform SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE, as specified in TS 38.133 [14], clause 9.3. Otherwise, the SSB based inter-frequency measurement is performed within measurement gaps. In NR-DC, the field can only be configured in the measConfig associated with MCG, and when configured, it applies to all the inter-frequency measurements configured by MN and SN.



End of excerpt from TS38.331:

Figure 1 describes the conditions according to which interfrequency measurements without gaps can be taken. It can be seen that the active BWP assigned to the UE needs to fully contain the inter frequency SSB that needs to be measured. 


Figure1: In order to measure an i9nter frequency SSB without gaps, the active BWP needs to fully include the target SSB 

Measurement gap configuration has so far been decided by the gNB-DU, hence it is plausible that the MN gNB-DU decides whether to set no gap measurements. Further, the active BWP is assigned to a UE by the gNB-DU. Given that an inter frequency no gap configuration can only be set by the MN, it is logical that the MN gNB-DU needs to signal the interFrequencyConfig-NoGap-r16 IE to the MN gNB-CU, so to allow the MN gNB-CU to appropriately configure the UE. 
It should be noted that the gNB-DU is already aware of the measurement object (included in the MeasConfig IE) and from this it can derive the timing of the target SSB to be measured. Hence, the MN gNB-DU is able to state whether no gap measurements can be taken at its side, because the gNB-DU manages active BWP assignment and knows the Measurement Object.

Observation 1: In single connectivity, the gNB-DU is able to determine whether inter frequency measurements can be taken without gaps. The gNB-DU needs to signal the interFrequencyConfig-NoGap-r16 IE to the gNB-CU in order to allow for appropriate UE configuration

In dual connectivity, the agreements from RAN2 imply that if the MN configures inter frequency no gap measurements, the SN shall be able to comply with such configuration. If we look again at Figure 1, it is easy to understand that the SN gNB-DU needs to be aware of whether inter frequency no gap measurements have been configured in order to assign, at the SN, an appropriate active BWP to the UE. If the SN gNB-DU is not aware of the inter frequency no gap configuration, the UE may not be able to collect measurements due to the inappropriate selection of an active BWP by the SN gNB-DU.

Observation 2: In dual connectivity, the SN gNB-DU needs to be aware of whether inter frequency no gap measurements have been configured in other to appropriately select the active BWP at the SCG


 From the observations above it can be easily derived that the following signalling is needed in order to allow the inter frequency no gap measurement to work properly:

1) Signalling of the interFrequencyConfig-NoGap-r16 IE over F1 from MN gNB-DU to MN gNB-CU, triggered by a decision at the MN gNB-DU that no-gap measurements can be taken.

2) Signalling of the interFrequencyConfig-NoGap-r16 IE over Xn from MN to SN, which allows the MN to inform the SN that a no gap measurement configuration applies also to SN configured measurements

3) Signalling of the interFrequencyConfig-NoGap-r16 IE over F1 from SN gNB-CU to SN gNB-DU, which allows the SN gNB-DU to become aware of the no-gap configuration and to select an appropriate SCG active BWP for the UE.

During RAN3-116e, a CR was already proposed to enable 1) in R3-223243, while a new CR is available to cover 3) in R3-224571

Proposal1: It is proposed to technically endorse R3-223243 and R3-224571 in order to allow for signalling of the interFrequencyConfig-NoGap-r16 IE over F1.

Proposal 2: it is proposed to send an LS to RAN2, mentioning the technically endorsed CRs, and asking for guidance on how to achieve signalling of the interFrequencyConfig-NoGap-r16 IE from MN to SN

It should be noted that, although RAN2 discussed and decided that the interFrequencyConfig-NoGap-r16 configuration shall be selected by the MN and be valid also at the SN, RAN2 has not discussed inter node signalling to make the SN aware of the interFrequencyConfig-NoGap-r16 configuration. The minutes of this discussion from RAN2-116e are reported below.

[image: ]

It is therefore evident that inter MN-SN signalling for the configuration of inter frequency no gap measurements has not been tackled yet and needs to be addressed.
3. Conclusions
In this paper the inter frequency no gap measurement feature was analised and requirement on interface signalling in support of such feature were derived.

The following observations and proposals were derived:
Observation 1: In single connectivity, the gNB-DU is able to determine whether inter frequency measurements can be taken without gap. The gNB-DU needs to signal the interFrequencyConfig-NoGap-r16 IE to the gNB-CU in order to allow for appropriate UE configuration

Observation 2: In dual connectivity, the SN gNB-DU needs to be aware of whether inter frequency no gap measurements have been configured in other to appropriately select the active BWP at the SCG

Proposal1: It is proposed to technically endorse R3-223243 and R3-224571 in order to allow for signalling of the interFrequencyConfig-NoGap-r16 IE over F1.

Proposal 2: it is proposed to send an LS to RAN2, mentioning the technically endorsed CRs, and asking for guidance on how to achieve signalling of the interFrequencyConfig-NoGap-r16 IE from MN to SN

A draft LS to RAN2 is in the Annex.
4. Annex: LS on interFrequencyConfig-NoGap-r16 signalling

[bookmark: _Hlk110342443][bookmark: OLE_LINK57][bookmark: OLE_LINK58]Title:	LS on interFrequencyConfig-NoGap-r16 signalling
	
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Release:	Rel-16
Work Item:	NR_newRAT-Core

Source:	RAN3
To:	RAN2
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Cc:	-

Contact person:	Angelo Centonza
	Angelo.Centonza@Ericsson.com

Attachments: 	R3-223243, R3-224571

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

1 Overall description
RAN3 has analysed whether the interFrequencyConfig-NoGap-r16 IE needs to be signalled over the RAN interfaces. 
In particular, the following proposals have been discussed:
1) Signalling of the interFrequencyConfig-NoGap-r16 IE from the gNB-DU to the gNB-CU over the F1-C interface, to enable the gNB-CU to configure the UE appropriately if no-gap measurements need to be enabled
2) Signalling of the interFrequencyConfig-NoGap-r16 IE from the MN to the SN over the Xn interface, to enable the MN to inform the SN of configuration of no-gap measurements 
3) Signalling of the interFrequencyConfig-NoGap-r16 IE from the SN-gNB-CU to the SN-gNB-DU over the F1 interface, to inform the SN-gNB-DU of configuration of no-gap measurements 
RAN3 would like to ask RAN2 whether the above proposals correctly support RAN2´s agreements on interfrequency measurements without gaps. RAN3 has technically endorsed the attached CRs to cover signalling in 1) and 3). 
Additionally, if Proposal 2 is feasible, RAN3 would like to ask RAN2´s opinion on whether the interFrequencyConfig-NoGap-r16 IE should be signalled as part of an inter node RRC message or if it should be signalled explicitly over the Xn interface. Depending on RAN2´s answer, either RAN2 or RAN3 should go ahead and modify its specifications accordingly.

2	Actions
To RAN2:
ACTION: 	RAN3 respectfully asks RAN2 to take the above into account and to provide answers accordingly. 


3	Dates of next RAN3 meetings
The upcoming RAN3 meetings can be found in the RAN3 Meetings calendar 
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6.1.4.1.2   RRM and Measurements      R2 - 2110982   Discussion on inter - frequency no  gap measurement in NR - DC   Huawei, HiSilicon   discussion   Rel - 16   NR_newRAT - Core   [011] RAN2 agrees that based on the current specifications, it is not clear whether the measurement configurations  from both the MN and the SN can contain the  interFrequencyConfig - NoGap - r16   filed   in the NR - DC scenario .   Besides, UE’s corresponding behaviour for performing inter - frequency no gap measurement is also ambiguous.   [011] Only MN controls the inter - frequency measurement without gaps ((interFrequencyConfig - NoGap - r16)) feature .   [011] interFrequencyConfig - NoGap - r16 provided by MN applies to all the inter - frequency  measurements configured by MN and SN   R2 - 2111468     CR on inter - frequency gapless measurement     Huawei, HiSilicon   CR   Rel - 16   38.331   16.6.0   2862   -   F   TEI16   [011] agreed  


