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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last RAN4 meeting, a WF for Pre-MG was approved [1]. In this paper, we continue discussing the open issues in the following sub-topics.
· Support of PRS measurement
· [bookmark: _Hlk94988472]Triggering events for UE autonomous activation/deactivation mechanism
· Gap activation/deactivation delay
· Extension to CA case
· Measurement delay requirements
2 Support of PRS measurement
Open issues captured in [1] are duplicated below:
	· 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 understanding, the motivation of this issue is to let UE inform NW when to activate the Pre-MG for PRS measurement. Therefore, we assume that the Pre-MG was already configured before PRS measurement starts. Other cases, like no gap configured before or wrong gap offset, belong to Rel-16 discussions. With this understanding in mind, it is very straightforward that we can allow UE to re-use this LocationMeasurementIndication IE to inform network to activate or deactivate the pre-MG. In a bit more detail, if Pre-MG was OFF before PRS measurement, UE uses the IE to inform network to activate Pre-MG (how to activate is up to the activation mechanism). If Pre-MG is already ON for PRS measurement, UE uses the IE to inform network to de-activate Pre-MG
[bookmark: _Ref94995851]Proposal 1: When Pre-MG is configured, UE can use LocationMeasurementIndication IE to inform network to activate/deactivate the Pre-MG due to the start/stop of PRS measurement. 

3 [bookmark: _Ref54117246]Triggering events for UE autonomous activation/deactivation mechanism
Open issues captured in [1] are duplicated below:
	· 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
· 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


Regarding triggering events, we keep the same preference to consider all the events which were FFS in the last meeting. The main discussion point was that network can also fallback the Pre-MG to legacy MG with RRC message when adding MO or SCells. In our understanding, there is no feasibility issue to include or exclude those FFS cases. Either way should work. However, as we already have 2 activation/deactivation mechanisms (Network control and UE autonomous), we would prefer to make the UE autonomous mechanism a standalone mechanism without further assistance of other RRC messages. This could help reduce the confusion, when this feature comes to the conformance testing or real deployment.
[bookmark: _Ref94995853]Proposal 2: The following trigger events are confirmed for UE to autonomous pre-MG activation/deactivation: addition/removal of any MO, direct-addition/release/change of a SCell, BWP switching by RRC, LPP positioning request. 
As for the case when multiple events are triggered at the same time, we see no problem that the events can be triggered independently. In this case, both NW and UE need to make a joint decision based on all the events. The decision is also very straightforward: the Pre-MG is OFF only if the MG is not needed by UE. Otherwise, the Pre-MG is ON.
[bookmark: _Ref94995855]Proposal 3: When multiple events are triggered at the same time, both NW and UE need to make a joint decision based on all the events.

4 Gap activation/deactivation delay
Open issues captured in [1] are duplicated below:
	· 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.
· The additional transition time for Activation/Deactivation Delay 
· 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 


In this topic, the remaining issue is about the additional delay when the pre-MG activation/deactivation is triggered by events other than DCI-based/timer BWP switching. In this case, to make consistent UE behavior and requirements, we suggest to also add 5ms to the overall delay. In a bit more detail: 
· If the Pre-MG activation/deactivation is triggered by MAC-CE, the overall delay is THARQ+3ms+5ms, where THARQ is ACK feedback delay and 3ms is the MAC-CE parsing delay.
· If the Pre-MG activation/deactivation is triggered by RRC, the overall delay is RRC processing delay +5ms.
[bookmark: _Ref94995856]Proposal 4: If the Pre-MG activation/deactivation is triggered by MAC-CE, the overall delay is THARQ+3ms+5ms, where THARQ is ACK feedback delay and 3ms is the MAC-CE parsing delay.
[bookmark: _Ref94995857]Proposal 5: If the Pre-MG activation/deactivation is triggered by RRC, the overall delay is RRC processing delay +5ms.

5 Extension to CA case
Open issues captured in [1] are duplicated below:
	· 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 combine 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
· 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.


[bookmark: _Hlk94995577]For the Network-controlled mechanism, the only difference between Option 1a and Option 1b is on whether and how to handle the de-activated SCells. The considered scenario for Option 1b is the case when an inter-frequency MO is configured with the SSB locating in the active BWP of the SCell. In this case, when the SCell is activated, UE can perform the measurement for that MO without gap. But if the SCell is deactivated, UE needs gap to do the same measurement. Then current network-controlled mechanism does not consider this special case for de-activated SCells. We do not have any strong view to go with either Option 1a or Option 1b. To our understanding, either way can work, although Option 1a is sub-optimal. In RAN4 agrees on Option 1b, RAN4 needs to inform RAN2 to add an additional ON/OFF indication for de-activated SCell.
[bookmark: _Ref94995859]Proposal 6: Regarding criteria for the signaling-based pre-MG (de)activation under CA, RAN4 to agree either Option 1a or 1b. If Option 1b is agreed, RAN4 needs to inform RAN2 to add an additional ON/OFF indication for de-activated SCell.
6 Measurement delay requirements
Open issues captured in [1] are duplicated below:
	· 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.
· General principle to define the requirements of measurement period with pre-MG measurements:
· FFS on:
· Option 1a: Define the more general requirements for the case in which UE can perform the measurements within “N” activated pre-MG and “M” deactivated pre-MG (N+M<total number of measurement required by a successful measurement report (e.g. 5)) .
· If there is any pre-MG status transition, the additional time shall be included
· Option 1b( Ericsson,ZTE, CATT) : Total measurement period (Tmeasure, total) can be expressed in terms of basic measurement period (Tmeasure, basic) and aggregated time consumed due to total number of Pre-MG status changes (K*Tstatus_change) during the ongoing measurement:
· Tmeasure, total = Tmeasure, basic+ N* Tstatus_change
· Where
· K=total number of Pre-MG status changes during the measurement period.
· Tmeasure, basic = MAX(Tmeasure,BWP, Tmeasure,MG); where:
· Tmeasure,BWP=It is measurement period when the measurement is fully performed without measurement gap
· Tmeasure,MG =It is measurement period when the measurement is fully performed with measurement gap.
· Option 2: Define the measurement period requirements for the cases (with activativated pre-MG and deactivated pre-MG) separately.
· if the pre-MG is activated, the measurement period should be same as existing requirements when legacy MG is configured
· if the pre-MG is deactivated, the measurement period should be same as existing requirements when legacy MG is not configured
· if the pre-MG status is changed during the measurement period, UE may re-start the measurement 
· Option 3: RAN4 does not specify measurement period requirements for scenarios in which there are changes in the activation/deactivation status of the pre-configured MG during the measurement period.


Regarding the 1st issue, we support Option 1 which allows UE to re-start a new measurement period once the pre-MG status changes. The main intension is the ease UE’s complexity for the case when multiple ON/OFF switches happen in one measurement period. In such a case, it is difficult for UE to guarantee a consistent measurement scheduling for multiple frequency layers.
[bookmark: _Ref94995790][bookmark: _Ref94995860]Proposal 7: UE re-starts a new measurement period once the pre-MG status changes.
Following Proposal 7,  we prefer Option 3 on the 2nd issue. 
[bookmark: _Ref94995861]Proposal 8: RAN4 does not specify measurement period requirements for scenarios in which there are changes in the activation/deactivation status of the pre-configured MG during the measurement period.

7 Conclusion
In the contribution, we discuss the open issues for pre-MG. We have the following proposals: 
Proposal 1: When Pre-MG is configured, UE can use LocationMeasurementIndication IE to inform network to activate/deactivate the Pre-MG due to the start/stop of PRS measurement.
Proposal 2: The following trigger events are confirmed for UE to autonomous pre-MG activation/deactivation: addition/removal of any MO, direct-addition/release/change of a SCell, BWP switching by RRC, LPP positioning request.
Proposal 3: When multiple events are triggered at the same time, both NW and UE need to make a joint decision based on all the events.
Proposal 4: If the Pre-MG activation/deactivation is triggered by MAC-CE, the overall delay is THARQ+3ms+5ms, where THARQ is ACK feedback delay and 3ms is the MAC-CE parsing delay.
Proposal 5: If the Pre-MG activation/deactivation is triggered by RRC, the overall delay is RRC processing delay +5ms.
Proposal 6: Regarding criteria for the signaling-based pre-MG (de)activation under CA, RAN4 to agree either Option 1a or 1b. If Option 1b is agreed, RAN4 needs to inform RAN2 to add an additional ON/OFF indication for de-activated SCell.
Proposal 7: UE re-starts a new measurement period once the pre-MG status changes.
Proposal 8: RAN4 does not specify measurement period requirements for scenarios in which there are changes in the activation/deactivation status of the pre-configured MG during the measurement period.
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