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1	Introduction
[bookmark: _Ref178064866]The NR and MR-DC Measurement Gap Enhancements WI addresses three different objectives. In this paper, we focus on the following as copied from the WID, RP-211591 [1]: 
	(1) Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2] 
· RRM requirements for pre-configured MG pattern(s) [RAN4]
· Study requirements of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration
· Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch
· Define measurement period requirements with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
· Specification of applicability of pre-configured MG pattern(s) [RAN4]
· Procedures and signaling for pre-configured MG pattern(s) [RAN2]
· Specification of protocol impacts of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration based on RAN4 input



Note that to be in line with RAN4’s terminology, we use the following abbreviation to refer to a Pre-configured Measurement Gap (Pre-MG).
2	Discussion
2.1	Context and motivation
This WI objective seeks to allow the network to configure a UE with “deactivated” measurement gaps (MGs), i.e., the UE only uses the configured gaps to perform measurements when indicated by the network or by following implicit rules. Hence the term “pre-configured” measurement gaps. 
In this sense, legacy procedure is characterized by the fact that when configured, MGs are then setup by UEs. Meaning that the network cannot schedule the UE on gap instances, even when gaps are not needed by the UE to perform measurements.
Indeed, as observed in TS 38.133 [2] clause 9.2.1:
	The UE can perform intra-frequency SSB based measurements without measurement gaps if
-	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].



However, as mentioned above, if we happen to be in a scenario on which MGs have been configured, then the network cannot schedule the UE on those gaps. And moreover, if the previous scenario holds, a UE typically needs to take more “samples” since the longest of the two measurement periods (between measurements within and outside gaps) applies, as seen in TS 38.133 [2] clause 9.1.6.
According to our understanding, the Rel-16 interFrequencyConfig-NoGap-r16 indication in the MeasConfig IE already falls within the notion of Pre-MGs. See the TS 38.331 [3] field description below:
	interFrequencyConfig-NoGap-r16
If the field is set to true, UE is configured to perform SSB based inter-frequency measurement without measurement gaps when the inter-frequency SSB is completely contained in the active DL BWP of the UE, as specified in TS 38.133 [14], clause 9.3. Otherwise, the SSB based inter-frequency measurement is performed within measurement gaps.



Thus, if the field is set to true and the described situation happens to hold (i.e., the SSB is completely contained within the UE’s active DL BWP), the network can schedule the UE on gap instances. 
We therefore assume that the "Pre-MG" to which RAN4 now alludes to, refers to extending the previous notion to intra-frequency scenarios, i.e., allow the network to configure a UE with gaps, yet by letting these to be “OFF” depending on the active BWP and position of the intra-frequency reference signal to be measured. 
As observed from RAN4’s LS, R4-2115438 [4], RAN4 has already reached some agreements on Pre-MGs impacting RAN2 specification. These include:
· the configuration of Pre-MGs and,
· the activation/deactivation of Pre-MGs.
Below we address each of these aspects.
2.2	Pre-MG configuration
[bookmark: _Toc67576398][bookmark: _Toc67576486][bookmark: _Toc67576603][bookmark: _Toc67576708][bookmark: _Toc67982319]The following agreements are captured in RAN4’s LS [4]:
	· Pre-configured MG(s) are configured per UE or per FR and cannot be changed after BWP switching
· All existing MG patterns #0~25 in Rel-16 are applicable for the pre-configured MG
· The common configuration parameters of pre-configured MG (e.g. MGRP, MGL, etc) are the same as those of Rel-16 legacy MG. The pre-configured MG can be configured in way similar to the configuration of the Rel-16 legacy MGs
· The RRC parameter(s) used to differentiate pre-configured MG with the legacy MG are needed when pre-configured MG is being configured 
· The exact signalling can be designed by RAN2 



As observed by the agreements above, Pre-MGs (patterns) per BWP are not supported. Hence, at a first glance, pre-configured and legacy MGs might look quite similar. On this, all existing MG patterns are applicable for Pre-MGs and the common configuration parameters are the same. Thus, we believe that there is no need to modify the existing MeasGapConfig IE. 
[bookmark: _Toc85748013]The MeasGapConfig IE can be used to configure Pre-MG. 

2.2.1	Differentiating pre-configured with legacy MGs
Unlike legacy MGs, a Pre-MG can be “ON” or “OFF”. However, as observed above, there is a one-to-one mapping between the Pre-MG and legacy configurations. So, as indicated in RAN4’s LS, there is also a need to differentiate between the two during RRC configuration. 
Thus, we believe that a similar approach to that adopted for Rel-16’s “no inter-frequency gap” could be followed to allow differentiating between legacy and Rel-17 procedures. Regarding the Rel-16 solution, in addition to the network indication shown above in Section 2.1 (i.e., interFrequencyConfig-NoGap-r16), the UE also sends a related UE capability, which is depicted below (as taken from TS 38.306 [5]):
	[bookmark: _Hlk85724274]interFrequencyMeas-NoGap-r16
Indicates whether the UE can perform inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE as specified in TS 38.133 [5]. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range of cells to be measured.



Hence, for Rel-17 Pre-MG, RAN2 would now need to introduce:
· a new UE capability to signal whether the UE supports the Pre-MG (e.g., “intraFrequencyMeas-NoGap-r17”), and
· a new flag to indicate whether a measurement gap is a Pre-MG (e.g., “intraFrequencyConfig-NoGap-r17”). 
[bookmark: _Toc85494161][bookmark: _Toc85494234][bookmark: _Toc85530984][bookmark: _Toc85729650][bookmark: _Toc85730383][bookmark: _Toc85742552][bookmark: _Toc85748011]As done for the Rel-16 “inter-frequency no gap” approach, introduce a new UE capability to indicate whether the UE can perform measurements according to Rel-17’s Pre-MG, and a new RRC field/IE to configure the UE with Pre-MG.
[bookmark: _Toc85729520][bookmark: _Toc85730380][bookmark: _Toc85742549][bookmark: _Toc85748014]The new RRC field allows to differentiate between Rel-17 pre-configured measurement gaps and legacy procedures.

2.3	Activation/deactivation of pre-configured measurement gaps
The following agreements are captured in RAN4’s LS [4], with the highlighted text involving RAN2:
	· 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 active/deactive status per BWP
· Details of signalling are FFS.
· FFS if MAC CE based activation/deactivation method is supported
· Additional explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
· UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms can be further discussed
· Status of pre-configured MG is not fixed after RRC configuration
· FFS: how UE determines the status (active/deactive)



Two different approaches have been discussed within RAN4 to activate/deactivate Pre-MGs: one through a rule-based approach and the other using RRC signaling.
Let us start with the rule-based approach. As mentioned earlier, there are implicit rules describing the UE’s ability to perform measurements without needing gaps, e.g., when the reference signal is completely contained within the active BWP. A rule-based approach then, dictates the Pre-MG status according to the rule’s requirement/s. So as per the previous example, if the reference signal (e.g., SSB) is outside the active BWP, the (Pre-)MG is active, and if within the (Pre-)MG is OFF/deactivated.
In this regard, and as pointed out by the LS’s first bullet, if the BWP switches, then activation/deactivation of the Pre-MG could be triggered according to the rule’s principles without needing any additional signaling/configuration.
On the other hand, an explicit Pre-MG status could be signaled by the network per BWP using RRC. To do so however, a new “Pre-MG status” flag would need to be introduced for each BWP, increasing the amount of singling. 
[bookmark: _Toc85748015]There is no need to introduce a new RRC-based status flag per BWP to allow activation/deactivation of Pre-MG.

Hence, we believe it is best to follow a rule-based approach to determine the “status” of the (Pre-)MG. However, by this, we also believe that it is important to:
1. Ensure a well-defined UE behavior, and
2. Avoid introducing multiple new UE capabilities (e.g., per rule), further increasing the complexify of Pre-MG.
According to the above, we propose the following.
[bookmark: _Toc85748012]Allow Pre-MG activation/deactivation by implicit rules, while following a similar approach as for Rel-16’s “inter-frequency no gap”, i.e., only a small number of new UE capabilities (or a single one) should be introduced for the network to understand which rule(s) the UE supports.   

[bookmark: _Ref189046994]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The MeasGapConfig IE can be used to configure Pre-MG.
Observation 2	The new RRC field allows to differentiate between Rel-17 pre-configured measurement gaps and legacy procedures.
Observation 3	There is no need to introduce a new RRC-based status flag per BWP to allow activation/deactivation of Pre-MG.

Based on the discussion in the previous sections we propose the following:
Proposal 1	As done for the Rel-16 “inter-frequency no gap” approach, introduce a new UE capability to indicate whether the UE can perform measurements according to Rel-17’s Pre-MG, and a new RRC field/IE to configure the UE with Pre-MG.
Proposal 2	Allow Pre-MG activation/deactivation by implicit rules, while following a similar approach as for Rel-16’s “inter-frequency no gap”, i.e., only a small number of new UE capabilities (or a single one) should be introduced for the network to understand which rule(s) the UE supports.
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