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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.
· Using scenarios
· Configuration procedure of pre-configured MG
· Activation procedure
· RRM requirements
· Gap patterns
2 Using Scenarios
As we agreed in RAN4#100e [1], the additional using scenarios of Pre-MG beside SSB measurement including PRS and CSI-L3 are feasible. 
	Whether can the pre-MG be used for PRS measurement?
· It is feasible to config Pre-MG for PRS measurements. 
· The exact configuration of Pre-MG used for PRS measurement can be FFS 
· FFS on whether UE assumes the Pre-MG is always activated 
· FFS if UE should always indicate serving cell about the PRS measurement when it is configured with pre-MG.
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for PRS measurement
Whether can the pre-MG be used for CSI-RS L3 measurement?
· It is feasible to configure a Pre-MG for CSI-RS L3 inter-frequency measurement. 
· The exact configuration of Pre-MG used for CSI-RS L3 inter-frequency measurement can be FFS 
· FFS on whether UE assumes the Pre-MG is always activated 
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for CSI-RS L3 inter-frequency



However, for Rel17 NR positioning the gapless measurements was under discussion in RAN1 [2]. 
	Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.



At same time, the pre-configured gap for positioning in Rel17 was also discussed in RAN1 parallelly [3]. It shall be noted that in RAN1 the purpose and mechanism of pre-configured MG for PRS are different with RAN4’s consideration. For an example, in RAN1 the pre-configured MG for PRS need LMF request firstly before its being activated. And in RAN4, the pre-configured MG for SSB measurement will be trigged by BWP switching indeed. 
	Agreement:
Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE (via UCI or UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e
· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE
Agreement:
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process

Agreement:
With regards to MG activation by DL MAC CE, further study
· DL MAC CE payload
· The necessity of pre-configuration of MGs in higher layers.




Observation 1: Several important issues under current RAN1 discussion (e.g. gapless PRS, pre-configured MG for PRS in Rel17) can significantly impact RAN4’s discussion on how to configure pre-MG for PRS in Rel17.
Therefore, we can propose that:
Proposal 1:  RAN4 shall NOT consider the pre-configured MG for PRS measurement in this WI. 

For CSI-RS L3 measurement, no switching between the intra-f w/o and intra-f with gap measurement are allowed from RAN4 perspective. So only the pre-MG activated is feasible to CSI-RS.

Observation 2. The pre-configured gap shall be always activated for inter-frequency CSI-RS L3 measurement.
Proposal 2: Pre-MGs for CSI-RS measurement shall be initially activated when being configured.

3 General Procedures of Pre-configured MG
As illustrated in the figure below, the general procedures for pre-configured MG as agreed in [2] 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 

3.1. Configuration procedure
In the last meeting, how to configure the pre-MG were decoupled into the several questions below.
i. How pre-configured MGs can be configured
And as agreed in [1], a specific parameter to indicate Pre-MG status(activation/deactivation) when being configured is needed but the detailed signaling is FFS.
	Parameter to indicate the status (activation/deactivation) of Pre-MG at or during configuration  
· NW can control activation/deactivation of pre-configured MG 
· RRC based activation/deactivation method is supported
· Network can indicate activation/deactivation status per BWP
· Details of signalling are FFS
· FFS if MAC CE based activation/deactivation method is supported
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used.  




Regarding to NW may not forward the RRC signaling for the activation/deactivation status when BWP switching or other conditions to trigger pre-MG status changed, the separated signaling to indicate the pre-MG status when pre-MG being configured is necessary. 
Observation 3: Especially the indication for initial (de)activation status shall be forwarded to UE when the pre-configured MG being configured by RRC signaling. 
Proposal 3: The indication for pre-MG (de)activation initial status at or during pre-MG configuration shall be included in the Pre-MG configuration RRC IE together with other parameters for Pre-MG (e.g. the measurement pattern itself).
In our view, in order to backward compatibility with Rel16 MG configuration, we also prefer to extend the same RRC singling for Rel16 MG configuration to include these specific parameters. One of example is given below for illustration.
	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
]]
   

}

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
]]


}

preMeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
]]

PreMGParameter1     N bits

}





For an instance, “PreMGParameter1” above can be the new parameters for the aspects of pre-MG introduced in Rel17 

ii. Relationship with the legacy MG
In the last meeting, the following agreements on the relationship between the legacy MG and Pre-MG were achieved. 
	Relation of pre-configured MG and with the current legacy MG 
· Without considering concurrent MG and on top of the RRC parameter(s) used to differentiate Pre-MG with the legacy MG,
·  FFS whether additional mechanism is needed to switch the configured pre-MG to serve as the same functionaries as the legacy MG (MG is always on). 




In our understanding, the legacy MG and Pre-MG can be completely independent as NW can control both of them freely. That is it is more simple that NW configure a pre-MG after it de-configure the legacy MG with the independent RRC reconfiguration message. The transition among them needs more complicated mechanism without the obvious benefits observed. Similarly, in case of concurrent MG, the all configured MGs including pre-configured MG activated are independent. 
Observation 4：NW can configure the pre-configured MG and legacy MG independently. 
Proposal 4: It is unnecessary to consider any transformation between Pre-MG and legacy MG.

3.2. Activation/Deactivation procedure
In the last RAN4 meeting, the two important issues for the activation/deactivation procedure includes:
· The criteria of activation
· How pre-configured MGs can be activated/deactivated. 
	Criteria of activation/deactivation pre-configured MG 
· The explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
· The general principle to define Pre-MG autotmous activation/deactivation criteria can be:
· If MG is not required by any of the configured measurements, the MG is deactivated.
· If MG is required by one or more of the configured measurements, the MG is activated
· FFS the detailed criteria for pre-MG autonomous activation/deactivation
· Option 1:
· MO’s needs on the gap for the measurements(inter-f, inter-RAT, intra-f with gap) changed because of any operations below
· BWP switching  
· adding/removing any measurement object(s),
· adding/releasing/changing a PSCell, 
· activating/de-activating any Scell(s)
· Option 2 :
· The Pre-MG status (activation/deactivation) is triggered by active BWP switching as follows:
· Pre-MG is activated if the BW of the SSB configured for measurement is not fully within the BW of the active BWP. 
· Pre-MG is deactivated if the BW of the SSB configured for measurement is fully within the BW of the active 



In the current RAN4 requirements [4], the UE behavior with the gap-based measurement can be summarized as below.
	Measurement types
	Conditions to perform gap based measurement
	Notes

	Intra-frequency SSB measurement without gap

	The UE can perform intra-frequency SSB based measurements without measurement gaps if the conditions are satisfied: 
-	the UE indicates ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement, or
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP[3].

	

	Intra-frequency SSB measurement with gap

	The UE can perform intra-frequency SSB based measurements with measurement gaps if one of conditions below are not satisfied: 
-	the UE indicates ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement, or
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP[3].

	

	Inter frequency SSB measurement without gap

	A measurement is defined as an inter-frequency SSB based measurements with measurement gaps for UE capable of interFrequencyMeas-NoGap if the conditions below was not satisfied
-	the UE supports interFrequencyMeas-Nogap-r16 [15], and
-	the SSB is completely contained in the active BWP of the UE.

	

	Inter-frequency CSI-RS L3
	Measurement gap is always needed
	



Observation 5: The current applicability rules for measurement gap for SSB, CSI-RS L3 in TS38.133 [4] are sufficient to justify whether UE needs measurement with gap. 
Thus with the general principle agreed in the last meeting and the UE measurement behavior with gap in 38.133 above[], it is sufficient to enable UE autonomously perform the measurement with the configured Pre-MG. On other hand, in the options above it seems limit the specific measurement types instead of all possible using scenarios. 
Proposal 5: RAN4 needs not to separately discuss the detailed criteria for pre-MG autonomous activation/deactivation.

Beside the criteria for the activation, the conditions by which the pre-MG status switching can be triggered  was also discussed in the last meeting. 
	Conditions for pre-configured MG activation/deactivation 
· FFS if additional conditions beside BWP switching for pre-configured MG activation/deactivation shall be considered 
· Option 1: pre-configured MG activation/deactivation can be triggered by  finishing the following network commands and procedures: BWP switching, adding/removing any measurement object(s), adding/releasing/changing a PSCell, activating/de-activating any SCell(s).
· Option 2: pre-configured MG activation/deactivation is triggered ONLY by the DCI/Timer based BWP switch in accordance with the WID objective # 1.
· Other options not precluded




Firstly of all, 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 6:  The conditions for pre-MG activation/deactivation switching above is ONLY applicable for the SSB based measurement.
In principle, for the measurements which can be gapless or gap based, whether the gap is is up to the measurement objects being contained completely within the active BWP. 
Observation 6: The conditions which can lead the active BWP switching or measurement objects location changed will trigger the pre-MG’s activation status switching. 
Generally in RAN4 there are several cases which can trigger the changes of association between the active BWP and measurement objects.
1. For the single carrier: 
a. BWP switching
b. Measurement object reconfiguaion
2. For multiple carriers:
a. BWP switching
b. Measurement object reconfiguaion
c. adding/releasing/changing a PSCell
d. activating/de-activating any SCell(s).
However for the case 2c , when PSCell changed, the RRCReconfigureation IE shall be updated also, in which the other parameters related to UE’s measurement (e.g. default BWP, pre-MG if configured) can also be updated together, we need NOT to specify any condition/rule for such scenario. 
Therefore, we can propose that 
Proposal 7:  the pre-configured MG activation/deactivation can be triggered by the following procedures: 
· BWP switching or 
· adding/removing any measurement object(s) or
· activating/de-activating any SCell(s) for CA


The other critical open issue for pre-MG activation is the singling . 
	How pre-configured MGs can be activated/deactivated 
· The pre-configured MG activation/deactivation is triggered by the DCI/Timer based BWP switch 
· FFS if additional conditions for pre-configured MG activation/deactivation shall be considered 
· NW can control activation/deactivation of pre-configured MG 
· RRC based activation/deactivation method is supported
· Network can indicate activation/deactivation status per BWP
· Details of signalling are FFS
· FFS if MAC CE based activation/deactivation method is supported




For the alternative of MAC-CE, firstly it is obviously the more efforts from cross-WG needed in comparison with RRC signaling. Secondly, if RRC signaling for all UE’s candidate BWP activation status can be pre-known by UE during this pre-MG being configurated, UE needs not any time to processing the activation/deactivation signaling every timing condition was triggered (e.g. BWP switching ). As a result, such semi-persistent RRC siganling can be faster than dynamic MAC CE indeed. 

In our view, the pre-defined activation/deactivation indication bitmap for all candidate BWP can be used. For an example, since when UE’s BWP being configured, there are 4 candidates BWP. That is such pre-configured MG activation indication can be set for all possible BWPs being switched. 
	ON/OFF
	ON/OFF
	ON/OFF
	ON/OFF

	for BWP1
	for BWP2
	for BWP3
	for BWP4


Figure 2. Pre-MG activation/deactivation indications
When initially BWP configuration, the serving gNB also needs to configure the pre-configure MG and other legacy MG. Based on the knowledge of both the measurement object and active default BWP, the network can indicate which bit in this bit map shall be ON or OFF. Therefore, from the both singling overhead and measurement latency reduction perspective it is better to activate these preconfigured MGs autonomously. 
Observation 7: RRC signaling for pre-MG activation per BWP can be defined with semi-persistent way. NW need not forward any new message to UE when BWP switching. It is more efficient and save the decoding time of MAC-CE based signaling.
Proposal 8: MAC CE based activation/deactivation method shall not be supported. 

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.
	Activation/Deactivation Delay
 Additional transition time (T = TBD) on top of the BWP switching delay shall be included in the pre-configured MG activation/deactivation time.
Measurement period 
  FFS in the future meetings for the general principle to define the measurement period e.g.: 
· Applicability 
· Main components which shall be included in the measurement report period 
· Others

· FFS on measurement period for the measurements with the pre-configured MGs
· FFS on scheduling restriction during pre-configured MGs when not used 
· Option 1: If the UE is measuring without pre-configured gaps and no other frequency layer which needs gaps is configured then the UE can be scheduled during the pre-configured gaps while meeting existing scheduling restriction requirements defined in TS 38.133
· Option 1a: Existing scheduling restriction for RRM measurement without MG applies when pre-configured MG is deactivated



Overall before the more concreted discussions on RAN4 requirements, the possible mechanism to be used shall be discussed in RAN4. Therefore, in the figure below, the corresponding UE behavior was illustrated as an example.



Figure 3. UE behaviors when pre-configured MG used in NR

Based on the example of UE measurements with the preconfigured gap above, the following necessary RRM requirements can be studied.
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. That is the unreported measurement results will be reset.
Observation 8: 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, for the measurement delay with pre-MG, it shall be noted that if there is no any pre-MG activation/deactivation status switching during one successful measurement report process (which can include multiple UE measurement samples), the measurement with pre-MG can be same as inter-fequency measurement. But on the other hand, 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 at least.
· Intra-frequency 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.
Therefore, we can propose that:
Proposal 9: The measurement delay with pre-configured MG can be defined depending on whether there is activation/deactivation status changed within a period of measurement report.
	Scenario
	Measurement delay

	NO switching
	Inter-frequency measurement requirement in 38.133

	Switching
	Intra-frequency measurement 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.




Alternatively, in order to simplify RAN4’s requirements, we can also define the requirements for the scenario in which there is no any pre-MG status switching occurred. Given this assumption, we think that if these new pre-configured MG used for the measurement after the BWP switching, the measurement delay itself will be not different with other legacy gap as the measurement procedure start from the 1st gap after BWP switching. The impacts on the measurement minimum performance requirement (e.g. cell detection delay, measurement period e.t.c) are little. That is the measurement delay requirements can be same as that of intra-f measurement in Section 9.2 of TS38.133 [3] but some scheduling restriction need to be revisited (e.g. in TS38.133 9.2.1. “For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in clause 9.2.5.3”)
Proposal 9a: The RAN4 requirements for the measurements with pre-configured MG can follow that of inter-frequency SSB/CSI-RS measurement requirements specified in 9.3. of TS38.133 [3]. 

  
5 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: Several important issues under current RAN1 discussion (e.g. gapless PRS, pre-configured MG for PRS in Rel17) can significantly impact RAN4’s discussion on how to configure pre-MG for PRS in Rel17.
Proposal 1:  RAN4 shall NOT consider the pre-configured MG for PRS measurement in this WI.
Observation 2. The pre-configured gap shall be always activated for inter-frequency CSI-RS L3 measurement.
Proposal 2: Pre-MGs for CSI-RS measurement shall be immediately activated when being configured.
Observation 3: Especially the indication for initial (de)activation status shall be forwarded to UE when the pre-configured MG being configured by RRC signaling. 
Proposal 3: The indication for pre-MG (de)activation initial status at or during pre-MG configuration shall be included in the Pre-MG configuration RRC IE together with other parameters for Pre-MG (e.g. the measurement pattern itself).
Observation 4: NW can configure the pre-configured MG and legacy MG independently. 
Proposal 4: It is unnecessary to consider any transformation between Pre-MG and legacy MG.
Observation 5: The current applicability rules for measurement gap for SSB, CSI-RS L3 in TS38.133 [4] are sufficient to justify whether UE needs measurement with gap. 
Proposal 5: RAN4 needs not to separately discuss the detailed criteria for pre-MG autonomous activation/deactivation.
Proposal 6: The conditions for pre-MG activation/deactivation switching above is ONLY applicable for the SSB based measurement.
Observation 6: The conditions which can lead the active BWP switching or measurement objects location changed will trigger the pre-MG’s activation status switching. 
Proposal 7: The pre-configured MG activation/deactivation can be triggered by the following procedures: 
· BWP switching or 
· adding/removing any measurement object(s) or
· activating/de-activating any SCell(s) for CA

Observation 7: RRC signaling for pre-MG activation per BWP can be defined with semi-persistent way. NW need not forward any new message to UE when BWP switching. It is more efficient and save the decoding time of MAC-CE based signaling.
Proposal 8: MAC CE based activation/deactivation method shall not be supported
Observation 8: The measurement delay can be started from the first pre-MG being activated.
Proposal 9: The measurement delay with pre-configured MG can be defined depending on whether there is activation/deactivation status changed within a period of measurement report.
	Scenario
	Measurement delay

	NO switching
	Inter-frequency measurement requirement in 38.133

	Switching
	Intra-frequency measurement 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.


Proposal 9a: The RAN4 requirements for the measurements with pre-configured MG can follow the principle of inter-frequency SSB/CSI-RS measurement requirements specified in 9.3. of TS38.133 [4]. 
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