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1 	Introduction
In the last RAN4 meeting, a WF for pre-configured MG was approved [1]. In this paper, the further considerations on several important issues below will be presented.
· Configuration procedure of pre-configured MG
· Activation procedure
· RRM requirements
2 General Procedures of Pre-configured MG
As illustrated in the figure below, the general procedures for pre-configured MG include:
· Configuration of the pre-configured MG
· Activation the pre-configured MG when BWP switching
· Deactivation the pre-configured MG



Figure 1. General procedures of pre-configured MG 
2.1. Configuration procedure
In the last meeting, how to configure the pre-MG were decoupled into the several questions below[1].
i. How to indicate the initial status (activation/deactivation) of Pre-MG at or during configuration  
And as agreed in [1], when the network signaliling for the pre-MG activation status available there is no need to introduce any additional signaling for the initial status during pre-MG being configured. But whether the same rules to determine these initial status as these for the rule-based pre-MG activation/deactivation status can be FFS.
	How to indicate the initial status (activation/deactivation) of Pre-MG at or during configuration  
· Besides the per BWP indication, no additional explicit signalling is needed to indicate the initial pre-MG activation/deactivation status at or during pre-MG being configured.  
· FFS on initial status (activation/deactivation) of Pre-MG is determined based on the same rules used for autonomous activation/deactivation of Pre-MG.




In principle, from the network perspective, NW may not forward the RRC signaling for the activation/deactivation status when BWP switching or other conditions to trigger pre-MG status changed. That is there is not any the separated signaling to indicate the pre-MG status for rule-based (de)activation pre-MG. 
Observation 1: The indication for initial (de)activation status can be missed for rule-based (de)activation pre-MG.  
Thus, the mechanism to determine the initial pre-MG status for autonomous activation/deactivation of Pre-MG can be different with that of signaling based pre-MG.
Proposal 1: Initial status (activation/deactivation) of Pre-MG is determined by the pre-defined rules for autonomous activation/deactivation of Pre-MG.

ii. The exact configuration of Pre-MG used for PRS measurement in Rel16
In the last meeting, the following agreements on the relationship between the legacy MG and Pre-MG were achieved. 
	The exact configuration of Pre-MG used for PRS measurement in Rel16
· Pre-MG shall be always activated, if PRS measurement in Rel16 is configured with it. 
· FFS on whether and how should UE indicate serving cell about the PRS measurement when pre-MG is used for Rel16 PRS measurement




When UE performing PRS measurement, UE can indicate to the network that the UE is going to start/stop location related measurements towards E-UTRA or NR (eutra-RSTD, nr-RSTD, nr-UE-RxTxTimeDiff, nr-PRS-RSRP) by “Location measurement indication”


Figure 5.5.5.1-1: Location measurement indication[5, TS38.331]
Then the serving cell will be  grant the gap to UE by default in NR Rel16.  And the necessary information on the PRS measurement can be known by serving gNB clearly enough as below.
“LocationMeasurementInfo ::=     CHOICE {
    eutra-RSTD                  EUTRA-RSTD-InfoList,
    ...,
    eutra-FineTimingDetection   NULL,
    nr-PRS-Measurement-r16      NR-PRS-MeasurementInfoList-r16
}

EUTRA-RSTD-InfoList ::= SEQUENCE (SIZE (1..maxInterRAT-RSTD-Freq)) OF EUTRA-RSTD-Info

EUTRA-RSTD-Info ::= SEQUENCE {
    carrierFreq                 ARFCN-ValueEUTRA,
    measPRS-Offset              INTEGER (0..39),
    ...
}

NR-PRS-MeasurementInfoList-r16 ::= SEQUENCE (SIZE (1..maxFreqLayers)) OF NR-PRS-MeasurementInfo-r16

NR-PRS-MeasurementInfo-r16 ::=      SEQUENCE {
    dl-PRS-PointA-r16                   ARFCN-ValueNR,
    nr-MeasPRS-RepetitionAndOffset-r16  CHOICE {
        ms20-r16                            INTEGER (0..19),
        ms40-r16                            INTEGER (0..39),
        ms80-r16                            INTEGER (0..79),
        ms160-r16                           INTEGER (0..159),
        ...
    },
    nr-MeasPRS-length-r16               ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20},
    ...
}

-- TAG-LOCATIONMEASUREMENTINFO-STOP
-- ASN1STOP
“
Therefore, in our understanding, Pre-MG shall be always activated for PRS measurement in Rel16 and UE is unnecessary to indicate serving cell. 
Proposal 2: UE need NOT indicate serving cell about the PRS measurement when pre-MG is used for Rel16 PRS measurement.

2.2. Activation/Deactivation procedure
In the last RAN4 meeting, the two important issues for the activation/deactivation procedure below were discussed:
· The criteria of activation
· How pre-configured MGs can be activated/deactivated. 

	Rules of for UE autonomous Pre-MG activation/deactivation 
“Rules of for UE autonomous Pre-MG activation/deactivation shall be: 
· The trigger events that may change the activation status of pre-MG configured to UE include:
· BWP switching, 
· adding/removing any measurement object(s): FFS
· adding/releasing/changing SCell(s): FFS
· activating/de-activating any Scell(s):FFS
· LPP positioning request: FFS
· And the general applicability rules for measurement gap for SSB, CSI-RS L3, Rel16 PRS in TS38.133
· If MG is not required by any of the configured measurements, the MG is deactivated e.g. when.
· the UE is configured with only SSB measurements, and all the measured SSBs are fully within the BW of the active BWP.
· If MG is required by one or more of the configured measurements, the MG is activated e.g. when:
· the UE is configured with at least CSI-RS measurements or,
· the UE is configured with at least PRS measurements or ,
· the UE is configured with only SSB measurements, and one of the measured SSBs is not fully within the BW of the active BWPs or.
· the UE is configured with at least inter-RAT measurements.

Notes: Exact way to capture the rules for UE autonomous Pre-MG activation/deactivation can be discussed based on the CR.



Firstly, for the trigger event themselves discussed in the last meeting, in our views the following conditions which are triggered by RRC messages could NOT be feasible as illustrated in the figure below. When such RRC messages being forwarded to UE, the necessary updates on the measurement gap configuration can be forwarded to UE simultaneously. The benefits of pre-MG which can reduce the gap configuration time will be vanished.




 
Figure 2.Pre-MG (de)activation triggered by MO reconfiguration

For an example, in case of MO configuration being changed (e.g. @T2 in the figure above), the pre-MG can be reconfigured together within IE for MO (RRCReconfiguation) . And the new indication on the pre-MG activation status can be updated also as shown below. Thus , NW will also activate pre-MG at T2. 
For singling based, the pre-MG status indication updated will be forward to UE within the RRC message for MG configuration. But for rule based pre-MG activation status indication, NW will not forward any indication to UE. However, UE need NOT autonomously know the pre-MG status because they are already to be included in RRCReconfiguation message.


Observation 3: There is not any benefits especially on the measurement gap activation delay for pre-MG which is to be (de)activated by the trigger events via RRC reconfiguration messages.

Therefore, we can focus on more specific analysis on these conditions regarding to the different scenarios below in which the pre-MG status may be changed.
· BWP switching 
· activating/de-activating any SCell(s) for CA
 
i. Scenario 1: Single CC, 1 MO

The common configuration parameters for the cases under this scenario are listed below:
· PCell @f0, BWP0, 4 candidate BWPs


Case 1-1:
MO#1, intra-f: @f0, BWP0, SSB/CSI-RS 

	Switch to
	BWP0
(initial status
	BWP1
	BWP2
	BWP3

	Gap needed for UE measurements
	0
	1
	1
	1

	Pre-MG on/off
	0
	1 
	1
	1


 
Case 1-2: 
MO#1, intra-f: @f0, BWP1 (different with UE initial active BWP), SSB/CSI-RS
	Switch to
	BWP0
(initial status
	BWP1
	BWP2
	BWP3

	Gap needed for UE measurements
	1
	0
	1
	1

	Pre-MG on/off
	1
	0
	1
	1



Observation 4-1: For single CC scenario, BWP switching can trigger the pre-MG status transition. 

ii.  Scenario 2: Single CC, > 1 MO

The common configuration parameters for the cases under this scenario are listed below:
· PCell @f0, BWP0, 4 candidate BWPs

Case2-1: 
MO#1, intra-f: @f0, BWP0, SSB; 
MO#2, intra-f: @f0, BWP0, SSB
	Switch to
	BWP0
	BWP1
	BWP2
	BWP3

	Gap needed for MO#1(N1)
	0
	1
	1
	1

	Gap needed for MO#2(N2)
	0
	1
	1
	1

	Gap needed for any of MOs
	0 
	1
	1
	1

	Pre-MG on/off(N1 or N2)
	0
	1 
	1
	1

	 
	 
	 
	 
	 


If the multiple MOs are in the same frequency layer (including BWP), the possible pre-MG status transition can be same as these for Scenario 1.  

Case2-2: 
MO#1, intra-f: @f0, BWP0, SSB; 
MO#2, intra-f with gap: @f0, BWP1, SSB
	Switch to
	BWP0
	BWP1
	BWP2
	BWP3

	Gap needed for MO#1(N1)
	0
	1
	1
	1

	Gap needed for MO#2(N2)
	1
	0
	1
	1

	Gap needed for any of MOs
	1
	1
	1
	1

	Pre-MG on/off(N1 or N2)
	1
	1 
	1
	1


 

Case2-3
MO#1, intra-f: @f0, BWP0, SSB; 
MO#2, inter-f with gap: @f1, BWP1, SSB
	Switch to
	BWP0
	BWP1
	BWP2
	BWP3

	Gap needed for MO#1(N1)
	0
	1
	1
	1

	Gap needed for MO#2(N2)
	1
	1
	1
	1

	Gap needed for any of MOs
	1
	1
	1
	1

	Pre-MG on/off(N1 or N2) per UE
	1
	1 
	1
	1



Observation 4-2: For single CC with multiple MOs, Pre-MG (de)activation status may be changed when BWP switching if all MOs can be contained within UE’s activated BWP before or after UE active BWP switching.


iii. Scenario 3: CA: Multiple CC, Single BWP switching happened in PCell/PSCells/SCells, NO any Scell activation/deactivation 

The common configuration parameter for all cases below are:
· PCell @f0, BWP0,  SCell @f1, BWP0, 4 candidate BWPs

Case3-1: 
PCell @f0 and SCell@f1 are activated 
MO#1, intra-f: @f0, BWP0, SSB;)
	BWP Switch to
 (only in single CC (e.g. PCell))
	BWP0
(initial status)
	BWP1
	BWP2
	BWP3

	Gap needed for UE measurements
	0 
	1
	1
	1

	Pre-MG on/off
	0
	1 
	1
	1


 

Case3-2: 
MO#1, intra-f: @f0, BWP0, SSB; 
MO#2, intra-f: @f1, BWP0, SSB
	BWP Switch to
 (only in single CC (e.g. PCell))
	BWP0
(initial status)
	BWP1
	BWP2
	BWP3

	Gap needed for UE measurements on MO#1(N1)
	0
	1
	1
	1

	Gap needed for UE measurements on MO#2(N2)
	0
	/
	/
	/

	Gap needed for any of MOs
	0 
	1
	1
	1

	Pre-MG on/off(N1 or N2)
	0
	1 
	1
	1



For MO#2 it is in same frequency layer as UE’s activated BWP in other SCell. And since only single BWP switching allowed, so for MO#2 UE’s needs on the activated gap can be remained as the initial status. 

Case3-3:
PCell @f0 and SCell@f1 are activated 
MO#1, intra-f: @f0, BWP0, SSB; 
MO#2, intra-f: @f1, BWP1, SSB; 

	BWP Switch to
 (only in single CC (e.g. PCell))
	BWP0
(initial status)
	BWP1
	BWP2
	BWP3

	Gap needed for UE measurements on MO#1(N1)
	0
	1
	1
	1

	Gap needed for UE measurements on MO#2(N2)
	/
	0
	/
	/

	Gap needed for any of MOs
	0 
	0
	1
	1

	Pre-MG on/off(N1 or N2)
	0
	0 
	1
	1



Observation 4-3: For CA scenario without SCell activation, pre-MG status may be changed if all MOs’ frequency layer can NOT be contained within UE’s activated BWP of either PCell or SCell after BWP switching. 

iv. Multiple CC, with Scell activation/deactivation only

The common configuration parameter for all cases below are: 
· PCell @f0, BWP0,  SCell @f1, BWP0,  4 candidate BWPs


As illustrated in the figure below, when SCell activation is trigged by MAC-CE, the association between the pre-MG and the BWP may be changed. That is the possible rules to activated the pre-MG shall be updated accordingly.


Figure 3. Pre-MG activation status changed by SCell activation

Case4-1: 
MO#1, intra-f: @f0, BWP0, SSB; 
[image: ]


When SCell activation happened only (no BWP switching), after pre-MG configured, if MO can be contained by either of PCell or other activated SCells’ activated BWP, the pre-MG status can be unchanged. 
 
Case4-2: 
MO#1, intra-f: @f0, BWP1, SSB; 
[image: ]

When SCell activation happened only (no BWP switching), after pre-MG configured, if MO can NOT be contained by either of PCell or other activated SCells’ activated BWP, pre-MG activated is always needed during the SCell being activated. 


 
Case4-3: 
MO#1, intra-f: @f1, BWP0, SSB; 
[image: ]

Observation 4-4 : When SCell activation happened after pre-MG configured ,if MO is NOT contained by UE’s activate BWP in either PCell or other SCells being activated but by UE’s activated BWP in SCell to be activated,  pre-MG activation status can be changed. 


v. Multiple CC with both Scell activation/deactivation and BWP switching(only single BWP switching happened in PCell),

The common configuration parameter for all cases below are: 
· PCell @f0, BWP0,  SCell @f1, BWP0, 4 candidate BWPs,   
 

Case5-1: 
MO#1, intra-f: @f0, BWP0, SSB;
BWP switching in PCell @f0 ; 
deactivation  activation @f1
[image: ]

Observation 4-5-1 : If MO can be contained by UE’s activated BWP in PCell,  there is not any impacts on the pre-MG status from the SCell activation but only from the activated BWP switching in PCC.

Case5-2: 
MO#1: intra-f: @f1, BWP0, SSB;
BWP switching in PCell @f0 ; 
deactivation  activation @f1
[image: ]

Observation 4-5-2 : If MO can be contained by UE’s activated BWP in SCC to be activated, there is impact on the pre-MG status from the SCell activation.

Case5-3: 
MO#1, inter-f(after activation): @f2, BWP0, SSB;
MO#2: NA
deactivation  activation @f1
[image: ]
 
Observation 4-5-3 :If MO can NOT be contained by UE’s activated BWP in any PCell /SCell kept as activation or to be activated, there will NOT impacts on the pre-MG status from the SCell activation. 


Based on observations above, we can clearly see that:
Observation 4:In case of CA, both the SCell (de)activation and the BWP switching can trigger the pre-MG status change independently. 

Furthermore, in the current specification it is noted for the measurement of PRS and inter-frequency CSI-RS L3 measurement the measurement gap (either legacy MG or pre-MG) shall be always activated. Thus the conditions for pre-MG activation/deactivation switching above is unnecessary defined for PRS/CSI-RS L3 measurement even the pre-MG configured for them.  
Proposal 3:  The conditions for pre-MG activation/deactivation switching above is ONLY applicable for the SSB based measurement.


3 Using of pre-configured MG for CA 
In the last meeting, the following agreements on the using of pre-MG for CA scenario was achieved. Therefore, we provide more specific considerations on the following issues in case of CA (e.g. how the activation status of pre-MG be indicated).

	· The companies are encouraged to bring the analysis and concrete solutions of pre-MG under CA case with activation/deactivation based on BWP switching on a single CC in R4#101e-b.



3.1. How can the activation/deactivation status of pre-configured MGs be indicated in case of CA

	How can the activation/deactivation status of pre-configured MGs be indicated in case of CA
· FFS on the following principles: 
· When configured with per-UE gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs is ON, and assume the gap is OFF only if the pre-MG status of active DL BWP in all CCs are OFF. 
· When configured with per-FR gap, UE should assume the gap is ON as long as the pre-MG status of active DL BWP in one of the CCs in the same FR is ON, and assume the gap is OFF only if the pre-MG status of active DL active DL BWP in all CCs in the same FR are OFF. 
· FFS   on the pre-MG activation/deactivation status indication in case of pre-MG activation / deactivation triggered by RRC signalling in case of CA.



As we explained in subclause 2.2, how the pre-MG status will be changed can be up to two conditions at least below.
	
	a) BWP switching
	c) SCell (de)activation
	Notes

	1. Single CC
	Whether can one of MOs be contained by the initial BWP of PCC?
	/
	

	2. CA 
	Whether can any MOs’ frequency layer can contained within UE’s activated BWP of both PCell and SCell. 

	Whether can any MOs’ frequency layer be contained within the active BWP of any PCell /SCell activated or to be activated
	Only considered the BWP switching in single CC


 
Observation 5: In comparison with single carrier case, the extra significant effort to support the pre-MG in CA is the additional pre-MG (de)activation status rules and trigger events are needed.

Therefore, regarding to Observation 4 and 5 above, we can propose that:
Proposal 4: The following conditions to trigger the pre-MG (de)activation status transition can be considered in Rel17
· BWP switching,
· activating/de-activating any Scell(s) (with lower priority) 
4 [bookmark: OLE_LINK14][bookmark: OLE_LINK15]RRM Requirements
Regarding to the potential RRM requirements impact due to the preconfigured MG, the following issues were discussed in the last meeting.
	Issue 3-2-1
	The applicable scenario of the measurement period with pre-MG measurements 
· The measurement period requirements for pre-MG based measurement can be defined for the scenarios below..
· Case 3: requirements for the measurement with both activated and deactivated pre-MGs
· The measurement period requirements for pre-MG based measurements can be leveraged from the current requirements for gap/gapless measurement defined in TS38.133



	Issue 3-2-2
	The start point of measurement report period 
· FFS the start option of measurement report period
· FFS whether UE shall continue the ongoing measurement when pre-MG status changed


	Issue 3-2-3
	The components included in measurement report period
Can be FFS on in the next meeting:
· Intra-frequency measurement requirement in 38.133 per sample 
· Inter-frequency measurement requirement in 38.133 per sample 
· Transition time between the activated pre-MG and deactivated MG
· BWP switching
· Others
.



Hereby, we can focus on one of most important issue is the measurement period requirements. 
4.1. Measurement period requirements
Firstly, for the measurement delay with pre-MG, it shall be noted that generally the measurement delay with pre-MG shall be started at the first pre-MG activated. However, there is still ongoing measurements after the last UE reporting and before the first pre-MG activated as shown in the figure below. To simplify RAN4’s requirements UE can restart a new measurement process with the new pre-MG. Whether the ongoing measurement samples can be used to enhance UE eventual measurement results is up to UE implementation itself. That is the unreported measurement results will be reset.
Proposal 5: The measurement delay can be started from the first pre-MG being activated.


Fig 4a.Measurement with pre-MG w/o activation status switching


Fig 4b.Measurement with pre-MG with activation status switching

Secondly, if there is pre-MG activation/deactivation status switching during one successful measurement report process, we can divide such measurement process into two parts: one is measurement with pre-MG, the other measurement without gap as shown in Fig1b above. Thus, the measurement delay can be composed by below factors at least.
· Intra-frequency wo gap measurement requirement in 38.133 per sample
· Intra-frequency with gap measurement requirement in 38.133 per sample 
· Inter-frequency measurement requirement in 38.133 per sample 
Additionally, in comparison with the measurement with the legacy MG, the measurement with pre-MG needs more time due to the gap transition.
For an example, if there is K times pre-MG status transition, the possible measurement requirements can be :
“Intra-frequency measurement without gap requirement in 38.133 per sample * N + Inter-frequency measurement requirement in 38.133 per sample * M + K *transition time
Wherein, N and M is the total number of gapless and gap-based measurements within a measurement report period, and N+M< [5]
K is the number of total number pre-MG activation status transition.”
Therefore, we can propose that:
Proposal 5: The measurement delay with pre-configured MG can be defined depending on the following factors:
· measurement delay per samples which can be based on the requirement in 38.133 per sample
· transition time for the pre-MG status switching between ON/OFF


  
5 Reply LS for RAN2
In the last RAN2 meeting, LS [2] from RAN2 was agreed also. Our consideration on the questions in [2] are also provided below.
	· Q1: Can FR1 gap and FR2 gap be configured simultaneously for pre-configured gap? Is the following operation supported?
· pre-configured FR1 gap + pre-configured FR2 gap
[RAN4: If the configured MG pattern which can support per-FR, such configuration is allowable.] 
· Q2: Can legacy gap and pre-configured gap be configured simultaneously? For example, without considering concurrent gap, are the following operations supported?
· legacy FR1 gap + pre-configured FR2 gap
· legacy FR2 gap + pre-configured FR1 gap
· One legacy per-UE gap + One pre-configured per-UE gap
· One legacy per-UE gap + pre-configured FR1 gap and/or pre-configured FR2 gap
[RAN4: This is up to the joint discussion of objective 1)and 2). Since RAN4 agreed to defer the joint discussion among these objectives in future release, RAN2 need NOT to consider these specific joint operations.] 





6 Conclusion
In this contribution, serval issues related to the pre-configured MG in the measurement gap enhancement WI [1] are discussed. The observations and proposals can be summarized as
Observation 1: The indication for initial pre-MG (de)activation status could be missed for rule-based (de)activation pre-MG.  
Proposal 1: Initial status (activation/deactivation) of Pre-MG is determined by the pre-defined rules for autonomous activation/deactivation of Pre-MG.
Proposal 2: UE need NOT indicate serving cell about the PRS measurement when pre-MG is used for Rel16 PRS measurement.
Observation 3: There is not any benefits especially on the measurement gap activation delay for pre-MG which is to be (de)activated by the trigger events via RRC reconfiguration messages.
Observation 4: In case of CA, both the SCell (de)activation and the BWP switching can trigger the pre-MG status change independently. 
Proposal 3:  The conditions for pre-MG activation/deactivation switching above is ONLY applicable for the SSB based measurement.
Proposal 4: The following conditions to trigger the pre-MG (de)activation status transition can be considered in Rel17
· BWP switching,
· activating/de-activating any Scell(s) (with lower priority) 
Proposal 5: The measurement delay with pre-configured MG can be defined depending on the following factors:
· measurement delay per samples which can be based on the requirement in 38.133 per sample
· transition time for the pre-MG status switching between ON/OFF
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