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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 to discuss the open issues in the following sub-topics.
· Using scenarios
· Configuration procedure
· Activation/Deactivation procedures
· RRM requirements
· Gap patterns
2 [bookmark: _Ref54117246]Using scenarios
Open issues captured in [1] are duplicated below:
	· FFS on Whether is the pre-configured MG needed for PRS measurement:
· Option 1. Yes
· Option 2. No
· Option 3. Pre-configured MG falls back to the legacy MG
· FFS on Whether is the pre-configured MG needed for CSI-RS L3 measurement:
· Option 1. Yes
· Option 2. No
· Option 3. Pre-configured MG falls back to the legacy MG



Regarding PRS, UE should be allowed to skip any serving cell data transmission/reception during PRS measurement. As a result, measurement gap should always be configured (and activated) for UE to do PRS measurement. In this sense, there is no point to consider the frequency locations of PRS and BWP to decide whether to activate or de-activate the pre-MG of which the intention is to allow UE to continue data transmission/reception during measurement, as shown in Figure 1. 
[image: ]
[bookmark: _Ref78619913]Figure 1. Gap is always needed for PRS measurement
To avoid confusion, pre-MG can still be used for PRS measurement, but in this case UE will assume the pre-MG is always activated (ON). In other words, pre-MG will not change its status because of PRS measurement.
[bookmark: _Ref71194604]Proposal 1: When both pre-MG and PRS measurement are configured to UE, UE assumes the pre-MG status is always activated (ON) and the status will not change with BWP switch.
Regarding CSI-RS for L3 measurement, in Rel-16 the requirements for intra-frequency measurement is only defined without gap. There is no requirements for intra-frequency measurement ‘with’ gap. In other words, if UE switched to a BWP which cannot fully cover the intra-frequency L3 CSI-RS in frequency domain, UE is even allowed not to perform any measurement. As a results, we do not see the point to consider the frequency locations of L3 CSI-RS and BWP to decide whether to activate or de-activate pre-MG which is to switch UE’s measurement behavior between with and without gap, as shown in Figure 2.
[image: ] 
[bookmark: _Ref78619932]Figure 2. No requirement if active BWP does not fully contain CSI-RS for L3 measurement
To avoid confusion, pre-MG can still be configured together with CSI-RS based L3 measurement, but in this case UE will assume the pre-MG is always activated (ON). In other words, pre-MG will not change its status because of CSI-RS based L3 measurement.
[bookmark: _Ref71194606]Proposal 2: When pre-MG is configured together with CSI-RS based L3 measurement, UE assumes the pre-MG is always activated (ON) and the status will not change with BWP switch.
3 Configuration procedure
Open issues captured in [1] are duplicated below:
	· FFS on the specific RRC configuration parameters for the new aspects of pre-configured MG to be introduced 
· Option1: The parameters used to differentiate with the legacy MG
· Option 2a: The parameters used to indicate the pre-configured MG (de)activation status per BWP, which can be also served as the flag to differentiate with the legacy MG
· Option 2b: The parameters used to indicate the pre-configured MG (de)activation status per UE/FR, which can be also served as the flag to differentiate with the legacy MG
· Pre-configured MG status (activated/deactivated) after configuration completed
· Status of pre-configured MG is not fixed at RRC configuration
· NW can know the pre-configured status when/after the pre-MG being configured by itself
· FFS NW can fully control whether the pre-configured MG will be activated/deactivated
· FFS on how UE can know pre-configured MG’s activation status (activated/deactivated) after the pre-MG being configured
· Option 1: signaling
· Option 2: pre-defined rules
· MG configuration of Pre-MG can NOT be changed after BWP switching 
· FFS on relation of pre-configured MG pattern and with the current RRC configured MG 
· Option 1. (CATT, xiaomi): 
· The pre-configured MG is the same as RRC configured MG after it is activated.
· Whether the deactivated pre-configured MG and the RRC configured MG can be configured simultaneously needs to be studied
· Option 2a (Ericsson, ZTE) 
· The already configured P-MGP is transformed into legacy MGP (with same MGL/MGRP) if the UE is configured to measure on any carrier (e.g. inter-RAT) which always need gaps for performing the measurement.
· Network can transform an already configured P-MGP into legacy MGP with same MGL/MGRP or vice versa without deconfiguring the P-MGP
· Deconfigure P-MG and reconfigure legacy pattern if P-MG is not suitable for MO configuration e.g. inter-RAT, PRS etc.
· Option 2b (Huawei, MTK, vivo, Apple):
· Network can transform a pre-configured MG into legacy MG or vice versa with same MG configuration.
· Option 3 (Intel, Qualcomm, Nokia)
· NW can configure the pre-configured MG and legacy MG independently. The transformation between the pre-MG and legacy MG has not any benefits in both singnaling and latency reduction. 



Regarding how the pre-MG is configured, we think a single bit indication associated to (or within) the existing gap configuration MeasGapConfig is sufficient. If the bit is toggled, UE assumes the gap is now transformed to pre-MG. If not, UE assumes the gap as the legacy gap and follow the same behavior in Rel-15/16. 
[bookmark: _Ref71194614]Proposal 3: Introduce a single bit for existing MeasGapConfig to transform the legacy gap into pre-MG (detail to be left to RAN2). 
Concerns were raised on the possible misunderstanding between network and UE on the pre-MG status. Therefore, one proposal is to explicitly indicate whether the gap should be activated (ON) or de-activated (OFF) on each BWP configuration. In our view, this proposal works under single CC case, but more discussions are needed for CA case. For an example, if UE is configured with 2 CC. Each has 2 BWPs. Network indicates pre-MG status ON in the BWP#1 of both CCs and pre-MG status OFF in the BWP#2 of both CCs. Although the indication is per-BWP (as a result, per-CC), but the gap status should still be per-UE (or per-FR). Therefore, both network and UE need to implement some logic calculation. Table 1 gives a simple example on how to determine the per-UE pre-MG status based on the status of BWPs in 2 CCs. 
[bookmark: _Ref78620139]Table 1 Per-UE pre-MG status based on the status of BWPs in 2 CCs
	CC#1
	CC#2
	Per-UE pre-MG status

	BWP#1 --> ON
	BWP#1 --> ON
	ON

	BWP#1 --> ON
	BWP#2 --> OFF
	ON

	BWP#2 --> OFF
	BWP#1 --> ON
	ON

	BWP#2 --> OFF
	BWP#2 --> OFF
	OFF



Regarding how UE can know pre-configured MG’s activation status, this discussion can be moved to the activation/deactivation procedures in the next section.
4 Activation/Deactivation procedures
Open issues captured in [1] are duplicated below:
	· Criteria of activation/deactivation pre-configured MG 
· Option 1 (Huawei, MTK, vivo, ZTE) :
· 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.
· Option 2 (Ericsson, vivo, OPPO, ZTE):
· The UE needs gaps to measure SSBs when the measured SSB is not fully within the BW of the active BWP. Otherwise, the UE can measure the SSBs without gaps. This change between gap based and gapless measurement is triggered by active BWP switching.
·  Option 3(Intel, Apple, Qualcomm, Nokia): No need to define such criteria in the spec if the NW indication was included in pre-configured MG configuration.
· FFS on how pre-configured MGs can be activated/deactivated:
· Option 1 (CATT, Ericsson, Intel, xiaomi, CMCC, NEC, OPPO, Huawei, ZTE) Autonomously/implicitly triggered by BWP switching  DCI/Timer.
· Option 2 (Intel, Apple, Qualcomm, vivo, CMCC, Nokia) the pre-configured MG activation/deactivation is triggered by the BWP switch and pre-configured under the control by the NW via its RRC configuration message.  
· Option 2a (CMCC): If the use case of MG pattern change following BWP switch is considered, to activate/deactivate the pre-configured MG by the network indication
· Option 3 (Huawei, MTK, Nokia) : Besides BWP switching, there could be also other RRC and MAC procedures that could trigger a change in need for MG and thus activation and deactivation of pre-configured MG, e.g.
· RRC (re)configuration of MO
· RRC (re)configuration of serving cells
· SCell activation and deactivation



RAN4 needs to be clear about the conditions when the pre-MG should be active (ON) and when it should be de-active (OFF). Then, any change of the condition will trigger the activation or de-activation of the pre-MG.
In our view, the pre-MG should be active (ON) if UE is configured with any MO that needs to be measured with gap, including inter-frequency MO, inter-RAT MO or any intra-freq MO with SSB not within UE’s active BWP. Only if none of the above conditions is fulfilled (i.e., no inter-freq MO, no inter-RAT MO and no intra-freq MO with SSB not within UE’s active BWP), the pre-MG should be de-active (OFF).
[bookmark: _Ref71194617]Proposal 4: The pre-MG should be active (ON) if UE is configured with any MO that needs to be measured with gap, including inter-frequency MO, inter-RAT MO or any intra-freq MO with SSB not within UE’s active BWP. Only if none of the above conditions is fulfilled, the pre-MG should be de-actived (OFF).
If the above condition is agreed, then upon any potential change of the condition UE has to re-check whether to switch the pre-MG status from ON to OFF (or OFF to ON). The potential network command or procedure that may change the conditions are
· BWP switching (either triggered by DCI, Timer, RRC or RACH)
· Because the SSB may (not) be covered by the new active BWP
· Adding or removing any measurement object(s)
· Because MOs that UE needs to check are different
· Adding, releasing or changing a PSCell
· An MO previously configured on the same frequency as PSCell before PSCell addition is an inter-frequency MO. But after PSCell addition, it can becomes an intra-frequency MO.
· Activating or de-activating any SCell(s)
· Because a new active BWP is added/removed. UE needs to check the whether the SSB can be covered by the new active BWP in frequency domain.
[bookmark: _Ref71194619]Proposal 5: UE and network should automatically re-check whether to switch the status of pre-MG right upon 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).
5 RRM requirements
Open issues captured in [1] are duplicated below:
	· FFS on additional transition time for pre-configure MG (de)activation can be taken count into the total pre-configured MG activation/deactivation delay beside the BWP switching delay. 
· If agreed the exact value of such transition time can be FFS.
· FFS on measurement period for the measurements with the pre-configured MGs
· Not any limitation on the maximum number of transitions between gapless and gap-based measurements
· Existing scheduling restriction for RRM measurement without MG applies can be applied to UEs when pre-configured MG is deactivated
· FFS on UE behavior after deactivation of pre-configured MG


Compared with BWP switch which is a L1 procedure, intra-frequency/inter-frequency measurements is a L3 procedure which is not expected to be changed frequently. UE needs additional reprogramming time after each BWP switch. From UE’s practical design, we suggest to add an additional validation time [TBD] for UE to activate or de-activate the pre-MG. 
[image: ]
Regarding other triggering condition for pre-MG status change (e.g., adding MO or activating a SCell), the additional validation time also needs to be studied. 
[bookmark: _Ref71194620]Proposal 6: Additional validation time [TBD] is needed after identifying the need to change the status of pre-MG. 
On the number of transitions in a measurement period, the main concern is that if there are too many transitions within a measurement period, UE is not guaranteed to get sufficient samples for one particular frequency layer. On the other hand, we also understand that it may difficult to reach a consensus on the max number of transitions among companies because the BWP switch requests are completely up to network decision. To resolve this issue, we suggest new approach to conclude the issue. The proposal is not to really count # of transitions, but to re-start the measurement period after each activation/de-activation of the pre-MG. In this case, UE is always guaranteed with sufficient time for measurement, while network also has a clear idea on how fast UE will perform the measurement. Note that it is still up to UE whether to reuse any measurement samples prior to activation/de-activation of the preconfigured gap to trigger a measurement event. 
[bookmark: _Ref71194622]Proposal 7: UE re-starts a new measurement period once the pre-MG status changes. It is up to UE whether to reuse any measurement samples prior to activation/de-activation of the pre-MG to trigger a measurement event.
6 [bookmark: _GoBack]Gap patterns
Open issues captured in [1] are duplicated below:
	· Number of pre-configured MG patterns:  
· Defer this discussion until the joint discussion with multiple concurrent MG 
· FFS on MG patterns used for the pre-configured MG mechanism 
· Option 1: The existing gap patterns (0~23) in Rel16 can be reused for the pre-configured MG.
· Option 2: The existing gap patterns (0~25) in Rel16 can be reused for the pre-configured MG.


As we mentioned in previous discussion for PRS measurement, we do not think it makes sense to deactivate pre-MG for PRS measurement. Therefore, we suggest not to consider gap patterns #24 and #25 to be used for pre-MG.
[bookmark: _Ref71194623]Proposal 8: UE does not expect gap patterns #24 and #25 to be configured as pre-MG.
7 Conclusion
In the contribution, we discuss the open issues for pre-MG. We have the following proposals: 
Proposal 1: When both pre-MG and PRS measurement are configured to UE, UE assumes the pre-MG status is always activated (ON) and the status will not change
Proposal 2: When pre-MG is configured together with CSI-RS based L3 measurement, UE assumes the pre-MG is always activated (ON)
Proposal 3: Introduce a single bit for existing MeasGapConfig to transform the legacy gap into pre-MG (detail to be left to RAN2).
Proposal 4: The pre-MG should be active (ON) if UE is configured with any MO that needs to be measured with gap, including inter-frequency MO, inter-RAT MO or any intra-freq MO with SSB not within UE’s active BWP. Only if none of the above conditions is fulfilled, the pre-MG should be de-actived (OFF).
Proposal 5: UE and network should automatically re-check whether to switch the status of pre-MG right upon 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).
Proposal 6: Additional validation time [TBD] is needed after identifying the need to change the status of pre-MG.
Proposal 7: UE re-starts a new measurement period once the pre-MG status changes. It is up to UE whether to reuse any measurement samples prior to activation/de-activation of the pre-MG to trigger a measurement event.
Proposal 8: UE does not expect gap patterns #24 and #25 to be configured as pre-MG.
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