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1. Introduction
In RAN3 #115-e meeting, it was agreed to add MUSIM-GapConfig IE in both CU to DU RRC Information IE and DU to CU RRC Information IE. However, companies didn't reach fully consistent understanding on the usage of the IE in both cases. In this paper, we analyse how MUSIM-GapConfig IE is used and propose an improvement to the current procedure text.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
The introduction of MUSIM-GapConfig IE in F1AP was triggered by RAN2 progress. RAN2 discussed the configuration of MUSIM scheduled gap, such that during the gap, the UE who camped on network A, can tune away to network B in order to perform the USIM B procedures. The MUSIM gap details are shown in running CR [1] as below:
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MUSIM-GapConfig-r17 ::=                   SEQUENCE {
    musim-gapUE-r17                               SetupRelease {MUSIM-GapConfig-r17}                                              OPTIONAL    -- Need M
}
MUSIM-GapConfig-r17 ::=                  SEQUENCE {
	musim-GapToReleaseList-r17       SEQUENCE (SIZE (1..3)) OF MUSIM-GapIndex-Id-r17 OPTIONAL,
	musim-GapToAddModList-r17        MUSIM-GapToAddModList-r17                OPTIONAL,
   ...
}
MUSIM-GapToAddModList-r17 ::= SEQUENCE (SIZE (1..3)) OF MUSIM-GapInfo-r17
MUSIM-GapInfo-r17 ::=          SEQUENCE {
    musim-GapIndex-Id-r17                   INTEGER (0..2),
    musim-Starting-SFN-AndSubframe-r17     MUSIM-Starting-SFN-AndSubframe-r17         OPTIONAL, -- Cond aperiodic
    musim-GapLength-r17                    ENUMERATED {ms4, ms5dot5, ms6, ms10, ms20}         OPTIONAL, 
musim-GapRepetitionAndOffset-r17       CHOICE {
        ms20-r17                            INTEGER (0..19),
        ms40-r17                            INTEGER (0..39),
        ms80-r17                            INTEGER (0..79),
        ms160-r17                           INTEGER (0..159),
        ms320-r17                           INTEGER (0..319),
        ms640-r17                           INTEGER (0..639),
        ms1280-r17                          INTEGER (0..1279),
        ms2560-r17                          INTEGER (0..2559),
        ...
}         OPTIONAL -- Cond periodic
}
MUSIM-Starting-SFN-AndSubframe-r17 ::=            SEQUENCE {
    starting-SFN-r17            INTEGER (0..1023),
    startingSubframe-r17        INTEGER (0..9)
}

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP

From MUSIM-GapConfig information element, we can observe that it is allowed to configure at most 3 MUSIM gaps, and each gap is determined by MUSIM-GapInfo-r17 which consists of a set of parameters, e.g., gap index, sub-frame number and gap length. In the meanwhile, it is worth mentioning that, the UE assistance information (UAI) contains a MUSIM-GapPreferenceList which also includes MUSIM-GapInfo-r17. The details can be seen below:
UEAssistanceInformation-v17xy-IEs ::= SEQUENCE {
    musim-Assistance-r17               MUSIM-Assistance-r17               OPTIONAL,
    nonCriticalExtension               SEQUENCE {}                    OPTIONAL
}

MUSIM-Assistance-r17 ::=                  SEQUENCE {
	musim-PreferredRRC-State-r17      ENUMERATED {IDLE, INACTIVE}             OPTIONAL,
	musim-GapPreferenceList-r17        MUSIM-GapPreferenceList-r17                OPTIONAL,
   ...
}

MUSIM-GapPreferenceList-r17 ::= SEQUENCE (SIZE (1..3)) OF MUSIM-GapInfo-r17

MUSIM-GapInfo-r17 ::=          SEQUENCE {
    musim-Starting-SFN-AndSubframe-r17     MUSIM-Starting-SFN-AndSubframe-r17         OPTIONAL,
[bookmark: _Hlk94075463]    musim-GapLength-r17                    ENUMERATED {ms4, ms5dot5, ms6, ms10, ms20}, 
musim-GapRepetitionAndOffset-r17       CHOICE {
        ms20-r17                            INTEGER (0..19),
        ms40-r17                            INTEGER (0..39),
        ms80-r17                            INTEGER (0..79),
        ms160-r17                           INTEGER (0..159),
        ms320-r17                           INTEGER (0..319),
        ms640-r17                           INTEGER (0..639),
        ms1280-r17                          INTEGER (0..1279),
        ms2560-r17                          INTEGER (0..2559),
        ...
}         OPTIONAL -- Cond periodic
}
MUSIM-Starting-SFN-AndSubframe-r17 ::=            SEQUENCE {
    starting-SFN-r17            INTEGER (0..1023),
    startingSubframe-r17        INTEGER (0..9)
}

 
Based on the fact that both UAI and MUSIM-GapConfig contain detailed MUSIM gap information, it is not difficult to conclude that 
-	Before switching from Network A, a MUSIM device sends the preferred MUSIM gap list in Network A within UAI to the gNB;
-	Instead of generating a MUSIM gap, gNB selects MUSIM gap (which is usually one, but can be at most three in theory) from the MUSIM-GapPreferenceList in UAI and sends it back to UE;
Observation 1:  gNB selects MUSIM gap from the MUSIM-GapPreferenceList provided in UAI and sends it back to UE
Then in a CU-DU split architecture, the above procedure can be expanded with several possibilities, and this is where the newly introduced MUSIM-GapConfig IE playing a role in. Depend on whether CU or DU make the selection, there are three different cases.
Case 1. gNB-CU chooses MUSIM gap, and gNB-DU uses the one chosen by CU.
Since we should not mandate DU to always select the gap, gNB-CU can make its own decision in some cases. In this case, the whole procedure can be concluded as:
· A MUSIM UE sends the UAI, which includes MUSIM-GapPreferenceList to the gNB-CU.
· gNB-CU chooses one (or more, no more than three) MUSIM gap, and transmits UAI along with MUSIM-GapConfig IE (which indicates the MUSIM gap chosen by CU) in CU to DU RRC information to DU;
· gNB-DU accepts the gap chosen by CU, and will not include the MUSIM-GapConfig IE in DU to CU RRC information.
· gNB-CU sends its selected MUSIM gap to UE.

Case 2. gNB-CU chooses MUSIM gap, and gNB-DU decides not use the one chosen by CU but chooses a new one by itself.
The only difference to case 1 is now gNB-DU not want to use the gap chosen by CU, but instead making its own decision. In this case, the procedure looks like:
· A MUSIM UE sends the UAI, which includes MUSIM-GapPreferenceList to the gNB-CU.
· gNB-CU chooses one (or more, no more than three) MUSIM gap, and transmits UAI along with MUSIM-GapConfig IE (which indicates the MUSIM gap chosen by CU) in CU to DU RRC information to DU;
· gNB-DU not use the gap chosen by CU, but chooses MUSIM gap by its own based on UAI. DU includes the MUSIM-GapConfig IE (which indicates the MUSIM gap chosen by DU) in DU to CU RRC information.
· gNB-CU receives the gap chosen by DU and sends it to UE.

Case 3. gNB-CU makes no choice and gNB-DU selects MUSIM gap.
We note that MUSIM-GapConfig-r17 includes many DU-controlled lower layer information such as frame number/subframe number, and gap configuration is mainly used by the DU to determine when not schedule the UE so that the UE can access another network. Therefore, in many cases, gNB-CU can simply forward the UAI to DU, and DU selects the preferred MUSIM gap by its own. In the third case, the whole procedure can be concluded as:
· A MUSIM UE sends the UAI, which includes MUSIM-GapPreferenceList to the gNB-CU.
· gNB-CU forwards UAI to DU in CU to DU RRC information;
· gNB-DU chooses MUSIM gap by its own based on received UAI, and include the selected MUSIM-GapConfig IE in DU to CU RRC information.
· gNB-CU receives the gap chosen by DU and sends it to UE.

The above concludes all the three cases, and explains when to include the newly introduced MUSIM-GapConfig IE in DU to CU RRC information and CU to DU RRC information. We find that the current procedure text does not fully covers all the cases, and the description is a bit inaccurate. Therefore, the following modification to the procedure text is suggested:

If the MUSIM-GapConfig IE is contained in the CU to DU RRC Information IE included in the UE CONTEXT SETUP REQUEST message, then the gNB-DU shall, if supported, decide to use this IE for MUSIM measurement gap configuration or select another one based on the received UEAssistanceInformation IE. If gNB-DU selects a different MUSIM measurement gap configuration from received UEAssistanceInformation IE, then it shall include the selected MUSIM gap information to the gNB-CU in the MUSIM-GapConfig IE of the DU to CU RRC Information IE that is included in the UE CONTEXT SETUP RESPONSE message. take it into account for MUSIM measurement gap configuration.
If MUSIM-GapConfig IE is not contained in the CU to DU RRC Information IE, then gNB-DU shall, if supported, send the selected measurement gaps information configuration based on the received UEAssistanceInformation IE, to the gNB-CU in the MUSIM-GapConfig IE of the DU to CU RRC Information IE that is included in the UE CONTEXT SETUP RESPONSE message.

If the MUSIM-GapConfig IE is contained in the CU to DU RRC Information IE included in the UE CONTEXT MODIFICATION REQUEST message, then the gNB-DU shall, if supported, decide to use this IE for MUSIM measurement gap configuration or select another one based on the received UEAssistanceInformation IE. If gNB-DU selects a different MUSIM measurement gap configuration from received UEAssistanceInformation IE, then it shall include the selected MUSIM gap information to the gNB-CU in the MUSIM-GapConfig IE of the DU to CU RRC Information IE that is included in the UE CONTEXT MODIFICATION RESPONSE message. take it into account for MUSIM measurement gap configuration. 
If MUSIM-GapConfig IE is not contained in the CU to DU RRC Information IE, then gNB-DU shall, if supported, send the selected measurement gaps information configuration based on the received UEAssistanceInformation IE, to the gNB-CU in the MUSIM-GapConfig IE of the DU to CU RRC Information IE that is included in the UE CONTEXT MODIFICATION RESPONSE message.

[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 1: Revise the procedure text as suggested.
A CR capturing the above change is shown in [2].
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
Based on the discussion in this paper, we propose the following:
Observation 1:  gNB selects MUSIM gap from the MUSIM-GapPreferenceList provided in UAI and sends it back to UE
Proposal 1: Revise the procedure text as suggested
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