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1	Introduction
[bookmark: _Hlk97625608]RAN2-117e identified below remaining FFS issue for Pre-configured MG for PRS measurement in R2-2204179.
· FFS whether and how to capture the UE behavior on PRS measurements within measurement gaps when a Pre-configured MG is provided by the network (as indicated in RAN4 LS R4-2206789); 

The corresponding issues are included in ASN.1 review file with RIL[N126] and [127]. 
· [N126]: As indicated in M607, there is “pre-configured gap” introduced by MGE WI and “pre-configured positioning gap” from ePoS WI. Current sentence/branch only covers the Pre-MG defined by ePoS WI. New branch should be added for Pre-MG defined by MGE WI which has different trigger for  LocationmeasurementIndication message.
· [N127]: According to UE behaviour captured in 38.133-h50 section 9.1.7.3.1, if UE autonomous Pre-MG (de)activation mechanism is used by UE, after UE informing the gNB that it is going to start PRS measurements with Pre-configured MG defined by MGE WI, the UE should activate the configured Pre-MG autonomously.
In this contribution, we would like to provide our view to address the above open issues.
2	Discussion
For the pre-configured MG (Pre-MG) used for PRS measurement, we understand there are two different mechanisms which are defined by RAN1 (under positioning Enhancement WI[1]) and RAN4 (under NR and MR-DC Measurement Gap Enhancements WI [2]) separately.
· Mechanism#1: Pre-MG for Rel-17 positioning measurements enhancement (defined by RAN1)
The details mechanism is provided in RAN1 LS [3], which can be summarized as below.
· RAN1 intend to have multiple pre-configured measurement gaps (MG) for Rel-17 PRS measurement. RRC to provide the pre-configuration.
· UL MAC CE is used to request activate/deactivate of pre-configured PRS MG. 
· DL MAC CE is used to activate/deactivate a pre-configured PRS MG.
· Mechanism#2: Pre-MG for Rel-16 PRS measurement (defined by RAN4)
· In RAN4-101 meeting, RAN4 concluded that it is feasible to configure Pre-MG for Rel-16 PRS measurement while the Rel-17 positioning measurement with pre-MG (in ePos WI)  is out of MGE WI scope. The conclusion is captured in RAN4 LS [4] (the details can be found in excerpt below). 
	Regarding use cases of pre-configured MG, RAN4 has reached the following conclusions (from R4-2120302): 
· It is feasible to configure Pre-MG for Rel-16 PRS measurements. 
· Pre-MG used for PRS measurement in Rel-16 shall be always activated, if PRS measurement in Rel-16 is configured. 
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for PRS measurement. 
· The pre-configured MG for the positioning measurements beyond Rel-16 will NOT be discussed under this WI (NR_MG_enh-Core). 



For the remaining open issue identified in RAN2-117 meeting (i.e., whether and how to capture the UE behaviour on PRS measurements within measurement gaps when a Pre-configured MG is provided by the network (as indicated in RAN4 LS R4-2206789)), obviously it is for the NR_MG_enh-Core WI as captured in cover page of LS[5]. which means this remaining issue is related to Rel-16 PRS measurement.
Observation 1: The remaining issue regarding UE behaviour on PRS measurements within measurement gaps when a Pre-configured MG is provided by the network is related to Rel-16 PRS measurement.
The RAN4 LS[4] mentioned Pre-MG used for Rel-16 PRS measurement shall be always activated if Rel-16 PRS measurement is configured. Furthermore, RAN4 further confirmed that for both NW-Controlled Pre-MG (de)activation mechanism and UE autonomous Pre-MG (de)activation mechanism, a Pre-configured MG that is not always ON (activated) is not sufficient to perform Rel-16 PRS measurements (according to LS [5] (excerption as below)).
	For PRS measurements within measurement gaps when a Pre-configured MG is provided by the network (from R4-2206789):
· RAN4 considers that a Pre-configured MG that is not always ON (activated) as determined from the signalling provided by the network, or if no such signalling is provided (i.e. autonomous rules are applied to determine the status of the Pre-configured MG), is not sufficient to perform PRS measurements. 
· In the above scenario, the UE will inform the network that it is going to start/stop PRS measurements with the configured Pre-configured MG by initiating the existing LocationMeasurementIndication procedure.



RAN4 further capture that in 38.133-h50 section 9.1.7.3.1. 
	If a measurement gap is configured as pre-configured measurement gap, the applicability of measurement gap patterns is defined in Table 9.1.2-3.A pre-configured measurement gap may not be sufficient to perform PRS measurements because it is not always activated as determined from the signalling provided by the network or from the autonomous rules to determine the status of the pre-configured measurement gap. In this scenario, the UE will inform the network that it is going to start/stop PRS measurements with the configured pre-configured measurement gap by initiating the existing LocationMeasurementIndication procedure.


Observation 2: For both NW-Controlled Pre-MG (de)activation mechanism and UE autonomous Pre-MG (de)activation mechanism, a Pre-MG should always be activated to perform Rel-16 PRS measurements.
As indicated in 38.331 section 5.5.6, if UE was requested to perform PRS measurements from Location Management server (LMF), UE can indicate/inform network (serving gNB) by LocationMeasurementIndication message to require the measurement gap. It is a network decision to configure the measurement gap or not.
With the Pre-MG introduced, according to LS [5], if a Pre-MG is not sufficient to perform PRS measurement because it is not always activated, the UE will inform the network that it is going to start/stop PRS measurements with the configured pre-configured measurement gap by initiating the existing LocationMeasurementIndication procedure.
Regarding how UE decide that Pre-MG is not sufficient to perform PRS measurement, RAN4 mentioned criteria for NW-Controlled Pre-MG (de)activation mechanism and UE autonomous Pre-MG (de)activation mechanism separately:
· The Pre-MG is not always activated as determined from the signalling provided by the network. (As captured in 38.133 9.1.7.3.2)
· The Pre-MG is not always activated as determined from the autonomous rules to determine the status of the pre-configured measurement gap. (As captured in 38.133 9.1.7.3.1)     
Observation 3: If the Pre-MG is not always activated as determined from the signalling provided by the network or from the autonomous rules to determine the status of the pre-configured measurement gap, the UE will inform the network that it is going to start PRS measurement by initiating the LocationMeasurementIndication procedure.    
Proposal 1: RAN2 to capture the new trigger for UE to initiate the LocationMeasurementIndication procedure to inform the network that it is going to start PRS measurement with the configured Pre-MG.    
· The Pre-MG is not always activated as determined from the signalling provided by the network. (As captured in 38.133 9.1.7.3.2)
· The Pre-MG is not always activated as determined from the autonomous rules to determine the status of the pre-configured measurement gap. (As captured in 38.133 9.1.7.3.1)     
If  NW-Controlled Pre-MG (de)activation mechanism is used by gNB and UE, UE should follow the NW indicated MG status indicator (activated or not) per BWP per CC and per SCell (for deactivated SCell). After UE informing the gNB that it is going to start/stop Rel-16 PRS measurements with the configured Pre-MG, it is up to gNB to decide the further gap configuration such as, activate/deactivate the current Pre-MG per BWP/Scell or reconfigure Pre-MG pattern or configure other legacy MG to UE.
Observation 4: If NW-Controlled Pre-MG (de)activation mechanism is used by gNB and UE, after UE informing the gNB that it is going to start Rel-16 PRS measurements with the configured Pre-configured MG, it is up to gNB to decide the further gap configuration such as, activate current Pre-MG or reconfigure Pre-MG pattern/status or configure other legacy MG to UE.
If UE autonomous Pre-MG (de)activation mechanism is used by gNB and UE, after UE informing the gNB that it is going to start Rel-16 PRS measurements with the configured Pre-configured MG, the UE should activate the configured Pre-MG autonomously according to RAN4-102 agreed in the WF[6]. This is because a LocationMeasurementIndication message itself can be used as a trigger event for UE autonomous Pre-MG  (de)activation. 
	Issue 2-1 Additional trigger events for pre-MG activation/deactivation
GTW agreements:
· For UE autonomous pre-MG activation/deactivation the following trigger events may change the pre-MG activation status
· BWP switching by DCI/Timer based
· Activation/de-activation of SCell(s)
· Addition/removal of any measurement object(s)
· Addition/release/change of a Scell under CA 
· BWP switching by RRC
· Initiation of LocationMeasurementIndication 



The UE behaviour is captured in 38.133-h50 section 9.1.7.3.1 as below:
	The UE can autonomously change the Pre-MG status from activation to deactivation or vice versa based on any of the following triggering conditions:
· DCI, timer or RRC based active BWP switching, 
(Omit some text)
· Initiation of LocationMeasurementIndication procedure specified in clause 5.5.6 [2].
The UE shall autonomously assume the status of the per-UE Pre-MG pattern as activated immediately after the configuration of the per-UE Pre-MG pattern provided that at least one of the configured measurements cannot be performed without measurement gaps. The UE shall autonomously assume the status of the per-FR Pre-MG pattern as activated immediately after the configuration of the per-FR Pre-MG pattern provided that at least one of the configured measurements in the same FR cannot be performed without measurement gaps. 
A measurement cannot be performed by the UE without measurement gaps if any of the following conditions is met:
· The UE is configured with SSB based intra-frequency measurements, and the conditions defined for SSB based intra-frequency measurement without gaps in Clause 9.2.1 are not met, or 
· The UE is configured with SSB based inter-frequency measurements, and the conditions defined for SSB based inter-frequency measurement without gaps in Clause 9.3.1 are not met, or
· The UE is configured with any of the following measurements:
· CSI-RS based inter-frequency measurements, or
· NR PRS-based positioning measurements, or
(Omit some text)



Observation 5: If UE autonomous Pre-MG (de)activation mechanism is used by gNB and UE, after UE informing the gNB that it is going to start Rel-16 PRS measurements with the configured Pre-configured MG, the UE should activate the configured Pre-MG autonomously.
Proposal 2: For UE autonomous Pre-MG (de)activation mechanism, RAN2 to capture that UE should activate the configured Pre-MG autonomously after the UE initiating the LocationMeasurementIndication procedure to inform the network that it is going to start PRS measurement with the configured Pre-MG.    
When the PRS measurement is going to stop the PRS measurement, the requirement on always activated Pre-MG is not valid anymore. UE should send the LocationMeasurementIndication message as well hence gNB can (de)activate the Pre-MG based on RRM measurement requirements. The legacy procedure can be reused.
Observation 6: UE should initiate the LocationMeasurementIndication procedure to inform the network that it is going to stop PRS measurement with the configured Pre-MG. Hence the always activated Pre-MG is not needed anymore. The legacy LocationMeasurementIndication procedure can be reused.
Furthermore, there may happen that the configured Pre-MG pattern (e.g., MGRP, MGL, gapOffset, etc) is not suitable for PRS measurement. For example, Pre-MG cannot cover the PRS occasions in time domain because the Pre-MG gap offset is not aligned with the offset of NR DL-PRS. This will cause the UE cannot perform PRS measurement during the gap. So, UE should evaluate whether the Pre-MG pattern is suitable for PRS measurement.
Observation 7: When UE is going to perform Rel-16 PRS measurement with the configured Pre-MG, UE should evaluate whether the configured Pre-MG is suitable for PRS measurement, by considering whether the Pre-MG gap can cover the DL PRS in time domain.

Case#1: NW-Controlled Pre-MG (de)activation for PRS measurement
For NW-Controlled Pre-MG (de)activation mechanism, if the Pre-MG is not suitable for PRS measurement, as in legacy, UE could indicate the requested measurement gap for performing PRS measurements to gNB via IE locationMeasurementInfo. It is up to NW to reconfigure a new Pre-MG pattern or legacy MG to UE for PRS measurement. 
	
[bookmark: _Toc60777248][bookmark: _Toc83740203]–	LocationMeasurementInfo
The IE LocationMeasurementInfo defines the information sent by the UE to the network to assist with the configuration of measurement gaps for location related measurements.
LocationMeasurementInfo information element
-- ASN1START
-- TAG-LOCATIONMEASUREMENTINFO-START

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

	nr-MeasPRS-RepetitionAndOffset
Indicates the gap periodicity in ms and offset in number of subframes of the requested measurement gap for performing NR DL-PRS measurements.

	nr-MeasPRS-length
Indicates measurement gap length in ms of the requested measurement gap for performing NR DL-PRS measurements. The measurement gap length is according to in Table 9.1.2-1 in TS 38.133 [14].



Proposal 3: For NW-Controlled Pre-MG (de)activation mechanism, if the Pre-MG is not suitable for PRS measurement, UE could indicate the requested measurement gap for performing PRS measurements to gNB via IE locationMeasurementInfo. It is up to gNB to configure proper measurement gap for PRS measurement.

Case#2: UE autonomous Pre-MG (de)activation for PRS measurement
[bookmark: _Hlk101038241]For UE autonomous Pre-MG  (de)activation mechanism, after UE informing the gNB that it is going to start Rel-16 PRS measurements with the configured Pre-configured MG, the UE should activate the configured Pre-MG autonomously.
However, there is a potential issue that the UE may not perform PRS measurement during the gap because the Pre-MG is not suitable for PRS measurement (e.g., the Pre-MG cannot cover the PRS in time domain since the gap offset is not aligned with the offset of the PRS to be measured). Even worse, in case the activated Pre-MG is not needed for SSB measurement (e.g., current active BWP overlapped with measured SSB), the Pre-MG is always activated but it is not used by UE at all for either PRS measurement or SSB measurement. 
This can be illustrated in Figure below.

[image: ]
Figure 1: Pre-MG activation for Rel-16 PRS measurement
The UE is configured with a Pre-MG configured for SSB measurement (step 1). When UE receives the PRS measurement from LPP (step 2), after sending LocationMeasurementIndication message (step 3), UE should always activate the Pre-MG according to RAN4 agreement (step 4). Since the Pre-MG is not suitable for both PRS measurement (due to gap offset not aligned with the offset of the PRS) and SSB measurement (with current active BWP overlapped with target SSB), the gap is activated in vain during the period of (Step 4a) until UE receives a new gap in RRC Reconfiguration (Step 5). 
In other words, following the RAN4 agreement, the always activated Pre-MG for PRS measurement may be activated in vain in the scenario where the configured Pre-MG cannot be used for PRS measurement.
Observation 8: The always activated Pre-MG for PRS measurement may cause the issue that, the gap is activated in vain in the scenario where the configured Pre-MG cannot be used for PRS measurement.
Proposal 4: For UE autonomous Pre-MG (de)activation mechanism, RAN2 to confirm the issue that the configured Pre-MG may be activated by UE in vain in the scenario where the configured Pre-MG cannot be used for PRS measurement.
To address the issue in proposal 5, the UE should first evaluate whether the configured Pre-MG is suitable for the PRS measurement. If yes, the UE should always activate the Pre-MG as agreed by RAN4. Otherwise, the UE should not activate a useless Pre-MG.
Proposal 5: Whether the configured Pre-MG is suitable for the PRS measurement should be considered for autonomous Pre-MG (de)activation for triggering event initiation of LocationMeasurementIndication procedure.
· If the configured Pre-MG is suitable for the PRS measurement, the Pre-MG is activated autonomously by UE.
· If the configured Pre-MG is not suitable for the PRS measurement, the Pre-MG should not be activated by UE.
To have the common understanding between UE and gNB on Pre-MG autonomous activation status, the UE should inform the gNB on the Pre-MG activation status in LocationMeasurementIndication message. There may have two options:
· Option1: Add an explicit Pre-MG activation flag to the message. For example, the flag true or false indicating the Pre-MG is activated by UE or not.
· Option2: Use the implicit indicator for Pre-MG activation status. For example, if the UE requested measurement gap for performing PRS measurements (via legacy IE locationMeasurementInfo) is same as the configured Pre-MG, then the Pre-MG is activated. Otherwise, it is not activated.
In our view, option2 is better since it has less impact to RRC specification.
Proposal 6: For UE autonomous Pre-MG (de)activation mechanism, UE should implicitly indicate the Pre-MG activation status to gNB in LocationMeasurementIndication message via legacy IE locationMeasurementInfo. 
· If the UE requested measurement gap for performing PRS measurements is same as the configured Pre-MG, the Pre-MG is activated by UE. Otherwise, the Pre-MG is not activated.
Proposal 7: If proposal 7 can be agreed, RAN2 to inform RAN4 to update the rule for Pre-MG activation for triggering condition initiation of LocationMeasurementIndication procedure. 
3	Conclusion
This document has made the following observations:
Observation 1: The remaining issue regarding UE behaviour on PRS measurements within measurement gaps when a Pre-configured MG is provided by the network is related to Rel-16 PRS measurement.
Observation 2: For both NW-Controlled Pre-MG (de)activation mechanism and UE autonomous Pre-MG (de)activation mechanism, a Pre-MG should always be activated to perform Rel-16 PRS measurements.
Observation 3: If the Pre-MG is not always activated as determined from the signalling provided by the network or from the autonomous rules to determine the status of the pre-configured measurement gap, the UE will inform the network that it is going to start PRS measurement by initiating the LocationMeasurementIndication procedure.    
Observation 4: If NW-Controlled Pre-MG (de)activation mechanism is used by gNB and UE, after UE informing the gNB that it is going to start Rel-16 PRS measurements with the configured Pre-configured MG, it is up to gNB to decide the further gap configuration such as, activate current Pre-MG or reconfigure Pre-MG pattern/status or configure other legacy MG to UE.
Observation 5: If UE autonomous Pre-MG (de)activation mechanism is used by gNB and UE, after UE informing the gNB that it is going to start Rel-16 PRS measurements with the configured Pre-configured MG, the UE should activate the configured Pre-MG autonomously.
Observation 6: UE should initiate the LocationMeasurementIndication procedure to inform the network that it is going to stop PRS measurement with the configured Pre-MG. Hence the always activated Pre-MG is not needed anymore. The legacy LocationMeasurementIndication procedure can be reused.
Observation 7: When UE is going to perform Rel-16 PRS measurement with the configured Pre-MG, UE should evaluate whether the configured Pre-MG is suitable for PRS measurement, by considering whether the Pre-MG gap can cover the DL PRS in time domain.
Observation 8: The always activated Pre-MG for PRS measurement may cause the issue that, the gap is activated in vain in the scenario where the configured Pre-MG cannot be used for PRS measurement.

And proposed the following:
Proposal 1: RAN2 to capture the new trigger for UE to initiate the LocationMeasurementIndication procedure to inform the network that it is going to start PRS measurement with the configured Pre-MG.    
· The Pre-MG is not always activated as determined from the signalling provided by the network. (As captured in 38.133 9.1.7.3.2)
· The Pre-MG is not always activated as determined from the autonomous rules to determine the status of the pre-configured measurement gap. (As captured in 38.133 9.1.7.3.1)     
Proposal 2: For UE autonomous Pre-MG (de)activation mechanism, RAN2 to capture that UE should activate the configured Pre-MG autonomously after the UE initiating the LocationMeasurementIndication procedure to inform the network that it is going to start PRS measurement with the configured Pre-MG.    
Proposal 3: For NW-Controlled Pre-MG (de)activation mechanism, if the Pre-MG is not suitable for PRS measurement, UE could indicate the requested measurement gap for performing PRS measurements to gNB via IE locationMeasurementInfo. It is up to gNB to configure proper measurement gap for PRS measurement.
Proposal 4: For UE autonomous Pre-MG (de)activation mechanism, RAN2 to confirm the issue that the configured Pre-MG may be activated by UE in vain in the scenario where the configured Pre-MG cannot be used for PRS measurement.
Proposal 5: Whether the configured Pre-MG is suitable for the PRS measurement should be considered for autonomous Pre-MG (de)activation for triggering event initiation of LocationMeasurementIndication procedure.
· If the configured Pre-MG is suitable for the PRS measurement, the Pre-MG is activated autonomously by UE.
· If the configured Pre-MG is not suitable for the PRS measurement, the Pre-MG should not be activated by UE.
Proposal 6: For UE autonomous Pre-MG (de)activation mechanism, UE should implicitly indicate the Pre-MG activation status to gNB in LocationMeasurementIndication message via legacy IE locationMeasurementInfo. 
· If the UE requested measurement gap for performing PRS measurements is same as the configured Pre-MG, the Pre-MG is activated by UE. Otherwise, the Pre-MG is not activated.
Proposal 7: If proposal 7 can be agreed, RAN2 to inform RAN4 to update the rule for Pre-MG activation for triggering condition initiation of LocationMeasurementIndication procedure. 
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