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1. Introduction
In RAN4#100-e-bis Pre-MG design was widely discussed. Corresponding agreement and open items are captured in the approved WF [1]. In this contribution, we continue discussing the Pre-MG design with focus on the open issues listed in [1]. 
2. Discussion
2.1 Open issues in RAN4#101e
We will discuss the open issues following the order in the approved WF [1]
Issue 1-3: The exact configuration of Pre-MG used for PRS measurement 
· UE shall inform network about the PRS measurement by LocationMeasurementIndication IE
· FFS on when this indication shall be informed to NW
· Option 1. when UE is going to perform PRS measurement upon the measurement gap is needed [TS38.331]
· Option 2. when UE is going to perform PRS with the configured Pre-MG only if UE has not informed NW before pre-MG configuration.
In our view, if UE has informed NW about PRS measurement before pre-MG configuration, it doesn’t need to inform NW again when Pre-MG is configured. However, option 2 is not enough. UE still needs to inform NW when PRS measurement is complete. 
As we mentioned in the last meeting, existing RRC procedure design already allows UE to inform serving gNB when it starts or completes the location procedure, i.e. in Location measurement indication procedure. However, according to current spec TS38.305, UE is also allowed NOT to trigger this procedure:
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As yellowed highlighted above, UE may not trigger this if the gap has already been configured, e.g. for inter-frequency measurement, before UE receiving the LPP message. The problem is if the configured gap is Pre-MG, the gap may be deactivated from time to time. Note that the activation/deactivation of Pre-MG is much faster than RRC procedure. Therefore, we suggest adding some clarification on TS38.305 that UE shall trigger location measurement indication procedure when starting or completing location measurement if Pre-MG is being used. Since TS38.305 is maintained by RAN2, we propose to inform RAN2.
[bookmark: _Ref95298578]Observation 1: according to existing TS38.305, UE is allowed not to trigger location measurement indication procedure after receiving LPP message from an LMF requesting location measurement. 
[bookmark: _Ref91844760]Proposal 1: inform RAN2 that UE shall trigger location measurement indication procedure when starting or completing location measurement if Pre-MG is being used.

Issue 1-1a: Configuration for Pre-MG under CA
FFS on
· In case of CA, it is up to RAN2 to decide if signalling extensions in the RRC Reconfiguration message for Pre-MG configuration are needed due to supported band combinations. For the currently operated band combination the initial Pre-MG activation/deactivation status may be delivered per BWP of each CC to the UE.
We are fine to leave it to RAN2. In our understanding the flag introduced in the BWP configuration can apply for CA as well. One thing we would like to highlight is that once the SCell is deactivated, measurement gap may become necessary. For instance, if the MO is an inter-frequency MO and can be covered by active BWP of the SCell. Gap is not needed before SCell is deactivated, while gap is needed once the SCell is deactivated according to existing RRM requirements. however, if the MO is an intra-frequency MO, once the SCell is deactivated, the MO is supposed to be measured w/o gap according to existing RRM requirement. The measurement will be conducted with interruption based manner.
Therefore, we propose to let NW provide a flag for each deactivated SCell as well to indicate ON/OFF for the Pre-MG.
[bookmark: _Ref95298588]Proposal 2: NW shall provide a flag for each deactivated SCell as well to indicate ON/OFF for the Pre-MG. Together with another flags in the active BWP of active serving cells, UE can determine whether Pre-MG is ON or OFF.

Issue 2-1: Trigger events for pre-MG activation/deactivation 
· For UE to 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)
· FFS how to handle other cases in terms of UE and NW behavior
· addition/removal of any measurement object(s)
· addition/release/change of a SCell under CA 
· BWP switching by RRC
· LPP positioning request
We are fine to discuss the rules on the CR. However, it is also important for companies to reach consensus first, such as on the trigger events. BWP switching is the main target of this objective. Thus, it is straightforward that UE shall check the rules once BWP switching occurs. Besides, other functionalities which may result in change of need of gap also need to be considered for completion, even though they are not the main target originally. Otherwise, we need to explicitly preclude these from RAN4 requirements.
[bookmark: _Ref91844767][bookmark: _Ref95298591]Proposal 3: the following cases shall be considered as trigger events that may change the activation status of pre-MG configured:
· addition/removal of any measurement object(s)
· addition/release/change of a SCell under CA 
· BWP switching by RRC
· LPP positioning request

Issue 2-2: Pre-MG activation/deactivation criteria 
· The general applicability rules in TS38.133 for measurement gap for SSB, CSI-RS L3 in TS38.133 can be reused as the rules for UE to autonomously determine the pre-MG activation/deactivation status
· 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: When drafting CRs the reference table can be captured in the clause (9.1.2A ) to clarify the bridge between pre-MG activation/deactivation rules to the existing generic rules for gap-less or gap based measurement in TS38.133 in the clause to define these criteria (9.1.2A ) 
We are fine with the general rules to determine whether Pre-MG is ON or OFF. We don’t have strong view on the necessity of explicitly defining a reference table in TS38.133. 

Issue 2a-1: Criteria for the signaling-based pre-MG (de)activation under CA 
The principle for the signaling-based Pre-MG (de)activation under CA can be based on:
· NW will forward the per-BWP pre-MG status indications to UE by RRC message, which is defined for each of induvial CCs (e.g. Table S1, S2 for the CC1 and CC2 respectively)
· UE will combined the pre-MG status indication from NW for each induvial CC for all configured measurement objects.
· FFS on the rules on how to combine the individual per-BWP pre-MG status .
· Option 1a
· When configured with per-UE gap, 
· assume the per-UE gap is ON as long as the pre-MG status of active DL BWP in one of the CCs is ON, 
· and assume the per-UE gap is OFF only if the pre-MG status of active DL BWP in all CCs are OFF. 
· When configured with per-FR gap, 
· 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
· Option 1b 
· For per-UE pre-MG, 
· UE assumes the pre-MG is ON as long as the pre-MG status for active DL BWP in one of the activated CCs or for one of the deactivated SCCs is ON, 
· and assume the pre-MG is OFF only if the pre-MG status for active DL BWP in all activated CCs and for all deactivated SCCs are OFF. 
· For per-FR pre-MG, 
· UE assumes the pre-MG is ON as long as the pre-MG status for active DL BWP in one of the activated CCs or for one of the deactivated SCCs in the same FR is ON, 
· and assume the pre-MG is OFF only if the pre-MG status for active DL BWP in all activated CCs and for all deactivated SCCs in the same FR are OFF
Regarding the rules, the difference between option 1a and 1b is on deactivated SCC. As mentioned above, measurement gap may become necessary. For instance, if the MO is an inter-frequency MO and can be covered by active BWP of the SCell. Gap is not needed before SCell is deactivated, while gap is needed once the SCell is deactivated according to existing RRM requirements. however, if the MO is an intra-frequency MO, once the SCell is deactivated, the MO is supposed to be measured w/o gap according to existing RRM requirement. The measurement will be conducted with interruption-based manner.
[bookmark: _Ref95298593]Proposal 4: on the rules on how to combine the individual per-BWP pre-MG status: 
· Option 1b 
· For per-UE pre-MG, 
· UE assumes the pre-MG is ON as long as the pre-MG status for active DL BWP in one of the activated CCs or for one of the deactivated SCCs is ON, 
· and assume the pre-MG is OFF only if the pre-MG status for active DL BWP in all activated CCs and for all deactivated SCCs are OFF. 
· For per-FR pre-MG, 
· UE assumes the pre-MG is ON as long as the pre-MG status for active DL BWP in one of the activated CCs or for one of the deactivated SCCs in the same FR is ON, 
· and assume the pre-MG is OFF only if the pre-MG status for active DL BWP in all activated CCs and for all deactivated SCCs in the same FR are OFF

issue 2a-3: How to determine pre-MG (de)activation status when multiple trigger events happened
FFS on:
Option 1: pre-MG can be (de)activated by BWP switching and SCell activation independently
Since under issue 3-2 in the last meeting RAN4 agreed that “Support pre-configured MG under CA but based on BWP switching on a single CC”, it seems unnecessary to further discuss issue 2a-3 for BWP switching triggered event. For SCell activation/deactivation triggered event, issue 2a-3 refers to simultaneous multiple SCells activation/deactivation. The ON/OFF status of Pre-MG shall be determined based on the status of all serving cells after activation/deactivation delay. UE doesn’t need to change the pre-MG status multiple times during the activation/deactivation delay. For RRC based triggered event, currently there is no consensus whether to consider them as triggered event. Even if it is agreed to be considered, the ON/OFF status of Pre-MG shall be determined based on the status of all serving cells and MOs after RRC procedure.
[bookmark: _Ref95298596]Proposal 5: 
1) For BWP switching triggered event, no need to discuss issue 2a-3 for simultaneous BWP switching on multiple CCs
2) For simultaneous multiple SCell activation/deactivations, the ON/OFF status of Pre-MG shall be determined based on the status of all serving cells after activation/deactivation delay.
3) For RRC based triggered event, the ON/OFF status of Pre-MG shall be determined based on the status of all serving cells and MOs after RRC procedure.

Issue 4-1-1: Start point of Activation/Deactivation Delay 
FFS on: 
· Option 1a: In case of pre-MG activation/deactivation triggered by events other than DCI-based/timer BWP switching, the starting time of the gap status changing delay is the slot that UE receives the network command which leads to gap status change.
Since it was agreed in last meeting that in case of pre-MG activation/deactivation triggered by DCI-based/timer BWP switching, the additional transition time for activation/deactivation delay after BWP switch is 5ms, it is better to define the starting point of Pre-MG activation/deactivation delay as the time immediately after BWP switch. Proponent of option 1a claimed the motivation is to avoid the change of Pre-MG status in middle of the gap occasion, which makes sense to us. However, this can be addressed by adding some clarification in delay requirements. We already covered this in the CR last meeting: 
“Activation/deactivation of Pre-MG takes effect from the first complete MG occasion after the activation and deactivation delay”
[bookmark: _Ref95299178]Observation 2: If the time slot happens to be covered by measurement gap occasion, status of Pre-MG is not expected to be updated immediately. It is expected to be updated after the gap occasion. This has already been addressed in the endorsed CR last meeting: “Activation/deactivation of Pre-MG takes effect from the first complete MG occasion after the activation and deactivation delay. If the end of activation/deactivation is within a gap occasion, the Pre-MG status shall not be changed immediately. Instead, the Pre-MG status shall be changed in the next gap occasion.”
[bookmark: _Ref95298598]Proposal 6: In case of pre-MG activation/deactivation triggered by events other than DCI-based/timer BWP switching, the starting point of Activation/Deactivation Delay is defined as the time slot immediately after BWP switch. 

Issue 4-1-4: Activation/deactivation delay under CA:
FFS on:
· The Pre-MG activation/deactivation delay for CA with single CC based BWP switching shall be the same as for non-CA with single CC.
We think 5ms agreed in last meeting for single CC case can also apply for CA with single CC based BWP switching.
[bookmark: _Ref95298601]Proposal 7: The Pre-MG activation/deactivation delay for CA with single CC based BWP switching shall be the same as for non-CA with single CC, which is 5ms after BWP switching.

Issue 4-2-1: UE behavior when pre-MG status changed when UE performing measurement with pre-MG: 
FFS on:
· Option 1 
· UE re-starts a new measurement period once the pre-MG status changes. .
· Option 2: 
· continue the ongoing measurement when pre-MG status changed.
· Option 3: 
· For measurements that can only be performed within MG, e.g. NR positioning measurements and CSI-RS inter-frequency measurements, requirements would not apply if the pre-configured gap is deactivated during the measurement period.
The simple way is option 1 considering UE complexity, compared with option 2. Option 2 may also be fine but further study is needed, e.g. on what condition UE can utilize the samples before Pre-MG status change. Besides, extra standardization work is needed on measurement delay requirements.
Option 3 is not controversial with option 1, which is also fine for us.
[bookmark: _Ref95298604]Proposal 8: UE behavior when pre-MG status changed when UE performing measurement with pre-MG: UE re-starts a new measurement period once the pre-MG status changes. For measurements that can only be performed within MG, e.g. NR positioning measurements and CSI-RS inter-frequency measurements, requirements would not apply if the pre-configured gap is deactivated during the measurement period. (option 1 + option 3)

3. Conclusion
In this contribution, we further discuss the Pre-MG design. After discussion, the following conclusions are provided:
Observation 1: according to existing TS38.305, UE is allowed not to trigger location measurement indication procedure after receiving LPP message from an LMF requesting location measurement.
Proposal 1: inform RAN2 that UE shall trigger location measurement indication procedure when starting or completing location measurement if Pre-MG is being used.
Proposal 2: NW shall provide a flag for each deactivated SCell as well to indicate ON/OFF for the Pre-MG. Together with another flags in the active BWP of active serving cells, UE can determine whether Pre-MG is ON or OFF.
Proposal 3: the following cases shall be considered as trigger events that may change the activation status of pre-MG configured:
· addition/removal of any measurement object(s)
· addition/release/change of a SCell under CA 
· BWP switching by RRC
· LPP positioning request
Proposal 4: on the rules on how to combine the individual per-BWP pre-MG status:
· Option 1b 
· For per-UE pre-MG, 
· UE assumes the pre-MG is ON as long as the pre-MG status for active DL BWP in one of the activated CCs or for one of the deactivated SCCs is ON, 
· and assume the pre-MG is OFF only if the pre-MG status for active DL BWP in all activated CCs and for all deactivated SCCs are OFF. 
· For per-FR pre-MG, 
· UE assumes the pre-MG is ON as long as the pre-MG status for active DL BWP in one of the activated CCs or for one of the deactivated SCCs in the same FR is ON, 
· and assume the pre-MG is OFF only if the pre-MG status for active DL BWP in all activated CCs and for all deactivated SCCs in the same FR are OFF
Proposal 5:
1) For BWP switching triggered event, no need to discuss issue 2a-3 for simultaneous BWP switching on multiple CCs
2) For simultaneous multiple SCell activation/deactivations, the ON/OFF status of Pre-MG shall be determined based on the status of all serving cells after activation/deactivation delay.
3) For RRC based triggered event, the ON/OFF status of Pre-MG shall be determined based on the status of all serving cells and MOs after RRC procedure.
Observation 2: If the time slot happens to be covered by measurement gap occasion, status of Pre-MG is not expected to be updated immediately. It is expected to be updated after the gap occasion. This has already been addressed in the endorsed CR last meeting: “Activation/deactivation of Pre-MG takes effect from the first complete MG occasion after the activation and deactivation delay. If the end of activation/deactivation is within a gap occasion, the Pre-MG status shall not be changed immediately. Instead, the Pre-MG status shall be changed in the next gap occasion.”
Proposal 6: In case of pre-MG activation/deactivation triggered by events other than DCI-based/timer BWP switching, the starting point of Activation/Deactivation Delay is defined as the time slot immediately after BWP switch. 
Proposal 7: The Pre-MG activation/deactivation delay for CA with single CC based BWP switching shall be the same as for non-CA with single CC, which is 5ms after BWP switching.
Proposal 8: UE behavior when pre-MG status changed when UE performing measurement with pre-MG: UE re-starts a new measurement period once the pre-MG status changes. For measurements that can only be performed within MG, e.g. NR positioning measurements and CSI-RS inter-frequency measurements, requirements would not apply if the pre-configured gap is deactivated during the measurement period. (option 1 + option 3)
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The location measurement indication procedure is used by the UE to request measurement gaps for OTDOA RSTD
measurements, for subframe and slot timing detection for inter-RAT E-UTRA RSTD measurements, or for NR DL-PRS
measurements.
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Figure 7.4.1.1-1: Location measurement indication procedure

Precondition: The UE served by a gNB has received a LPP message from an LMF requesting inter-RAT RSTD
measurements for OTDOA positioning or NR DL-PRS measurements.

1. If the UE requires measurement gaps for performing the requested location measurements while measurement
ﬁ or if the UE needs gaps to acquire the subframe and slot timing
of the target E-UTRA system before requesting measurement gaps for the inter-RAT RSTD measurements (see
TS 38.133 [32], the UE sends an RRC Location Measurement Indication message to the serving gNB. The
message indicates that the UE is going to start location measurements, or that the UE is going to acquire
subframe and slot timing of the target E-UTRA system, and includes information required for the gNB to
configure the appropriate measurement gaps. When the gNB has configured the required measurement gaps the
UE performs the location measurements or timing acquisition procedures.

2. When the UE has completed the location procedures which required measurement gaps, the UE sends another
RRC Location Measurement Indication message to the serving gNB. The message indicates that the UE has
completed the location measurements or timing acquisition procedures.




