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Introduction
Rel-17 WI for MG enhancement was approved in RAN#89, and the latest WID can be found in [1]. One objective of the WI is to enable activation/deactivation of MG following a DCI or timer based BWP switch and define related RRM requirements.
	(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


In this paper we will provide our initial views on the (de)activation of pre-configured MGs.
Discussion
Use cases
Based on current 38.133, the need for MG to measure a specific MO depends on whether the Reference Signal is confined within the active DL BWP of a serving cell of the UE:
· For SSB based intra-frequency measurement, the measurement does not require MG if the SSB is confined within an active BWP, otherwise the measurement requires MG if UE does not support no-gap for the corresponding serving cell in NeedForGapsInfoNR signaling.
· For SSB based inter-frequency measurement, the measurement does not require MG if the SSB is confined within an active DL BWP if UE supports inter-frequency measurement without MG, otherwise the measurement requires MG if UE does not support no-gap for the corresponding band in NeedForGapsInfoNR signaling.
· For CSI-RS based intra-frequency measurement, the measurement does not require MG and there is no requirement if the CSI-RS is not confined in an active BWP.
· For CSI-RS based inter-frequency measurement, the measurement always requires MG.
It can be seen that the following a BWP switch, the need for MG to measure an MO may change from ‘gap’ to ‘no-gap’ or vice versa, as shown in Figure 1. On the other hand, BWP switch can be based on DCI or timer, which is faster than RRC based MG (de)configuration. It is thus meaningful to define mechanisms to enable fast activation/deactivation of MG following a DCI or timer based BWP switch, such that the throughput loss due to MG interruption can be avoided when MG is not actually necessary.
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Figure 1: the need for MG changes from ‘gap’ to ‘no-gap’ following a BWP switch
Up to Rel-17, per UE or per FR MG can be configured to the UE via RRC, and RAN4 should work on the (de)activation of this pre-configured MG following a BWP switch. Specifically, 
· When the pre-configured MG is activated, the MG pattern applies to both serving cell scheduling and RRM measurement, same as how configured MG is applied in Rel-16
· When the pre-configured MG is deactivated, there would be no MG interruption on the corresponding serving cells, and the corresponding RRM measurements are performed without MG
Proposal 1: RAN4 to work on the activation/deactivation of the pre-configured per UE or per FR gap following BWP switch. 
· When the MG is activated, the MG pattern applies to both serving cell scheduling and RRM measurement, same as how configured MG is applied in Rel-16
· When the MG is deactivated, there would be no MG interruption on the corresponding serving cells, and the corresponding RRM measurements are performed without MG
Mechanisms of MG activation/deactivation 
During the discussion on the WID, one example for MG (de)activation is to have per BWP MG configuration. In our understanding, this means e.g. a GP#1 is associated with BWP#1 and GP#2 associated with BWP#2 , and when UE switches BWP from BWP#1 to BWP#2, the MG pattern is also switched from GP#1 to GP#2. 
In this way, the MG pattern can be fast switched following a BWP switch, including changing between ‘gap’ and ‘no-gap’ if ‘no-gap’ is viewed as a special MG pattern. However, we do not see a point to associate a BWP with a MG pattern because BWP is a serving cell configuration which is related to data transmission, while MG pattern is a measurement configuration which is related to mobility requirements. It’s not clear why GP#1 better fits BWP#1 and GP#2 fits BWP#2. 
Indeed, BWP switch can change the need for MG for a measurement, and for intra-frequency measurement for a serving cell, the NW knows if MG would be needed for this measurement with different BWPs. However, there are also other measurements which may require MG, which the NW may not know when configuring the serving cell BWP. 
As the need for MG actually comes from the measurement, the most straightforward way to determine whether the pre-configured MG is needed or not is to go through all the configured MOs and check if MG is required by any of them. If the MG is not required by any of the configured MOs following the BWP switch, it means the MG is not needed, otherwise the MG is needed.
Since both UE and NW can do this check (at least in case of NR SA, and the challenges for MR-DC is discussed in section 2.4), the MG can be deactivated if it is determined as not needed, otherwise the MG is activated. In this way, NW and UE would have a common understanding on the state of pre-configured MG (whether it is activated or deactivated), and there is no need for additional signalling or signalling change. 
Proposal 2: A per-UE or per-FR MG is (de)activated following a BWP switch as follows:
· If MG is not required by any of the configured MOs, the MG is deactivated 
· If MG is required by one or more of the configured MOs, the MG is activated
RRM requirements 
For RRM requirements for the MG (de)activation, we see two categories of requirements as relevant:
· Requirements for the (de)activation itself, e.g. delay and interruption of the (de)activation; 
· RRM measurement period requirements with MG (de)activation.
For MG (de)activation delay, following the mechanism in Proposal 2, the (de)activation would be performed together with BWP switch, so it is reasonable that the MG (de)activation is completed at the same time when BWP switch is completed, i.e. the (de)activation delay is same as BWP switch. 
For MG (de)activation interruption, there seems to be no reason to allow any interruption, since the (de)activation is a baseband adjustment in determining the available resources for data scheduling and RRM measurement. Similarly, no interruption requirement is defined for MG (de)configuration.
For RRM measurement period with MG (de)activation, the measurement for some MO would transition from MG based to non-MG based following the BWP switch, so transition requirement needs to be defined. For other MOs, although the use of MG is not changed, the CSSF may be impacted, so the there is also a change in the applicable requirements. All these have been accounted in the transition requirements defined in clause 9.1.6 of 38.133, and in our view it is straightforward to reuse the requirements for the case of MG (de)activation.
Proposal 3: The delay of MG (de)activation is same as that of BWP switching. No interruption requirement is needed for MG (de)activation.
Proposal 4: With one or more MG (de)activation in the measurement period, the transition requirements in clause 9.1.6 apply.
MR-DC
The MG (de)activation mechanism in Proposal 2 is based on the assumption that both NW and UE can check if MG is required by any of the configured MOs. This is not a problem for NR SA but more challenging for MR-DC. Taking EN-DC as an example, there are at least two issues in enabling the MG (de)activation:
· Issue 1: Per UE or per FR gap for FR1 MG is configured by LTE MN, but LTE MN is not aware of the active BWP on the serving cells in the NR SN, so it cannot (de)activate the MG following a BWP switch in the NR SN.
· Issue 2: MO can be configured by both LTE MN and NR SN. While NR SN is aware of the MOs configured by itself, it has no information about the MOs configured by the LTE MN, so it cannot determine whether MG is required by any of the MOs configured by LTE MN, and thus whether MG should be activated or deactivated (a conservative way is to keep the MG activated).
Similar challenges apply for NE-DC and NR-DC. Therefore, we suggest RAN4 to further discuss whether and how MG (de)activation applies in MR-DC
Proposal 5: RAN4 to further discuss whether and how MG (de)activation applies in MR-DC considering at least the following challenges:
· MN/SN is not aware of BWP switching in the SN/MN
· SN is not aware of the MO configuration from MN
Conclusions
In this paper we provided our initial views on the (de)activation of pre-configured MGs.
Proposal 1: RAN4 to work on the activation/deactivation of the pre-configured per UE or per FR gap following BWP switch. 
· When the MG is activated, the MG pattern applies to both serving cell scheduling and RRM measurement, same as how configured MG is applied in Rel-16
· When the MG is deactivated, there would be no MG interruption on the corresponding serving cells, and the corresponding RRM measurements are performed without MG
Proposal 2: A per-UE or per-FR MG is (de)activated following a BWP switch as follows:
· If MG is not required by any of the configured MOs, the MG is deactivated 
· If MG is required by one or more of the configured MOs, the MG is activated
Proposal 3: The delay of MG (de)activation is same as that of BWP switching. No interruption requirement is needed for MG (de)activation.
Proposal 4: With one or more MG (de)activation in the measurement period, the transition requirements in clause 9.1.6 apply.
Proposal 5: RAN4 to further discuss whether and how MG (de)activation applies in MR-DC considering at least the following challenges:
· MN/SN is not aware of BWP switching in the SN/MN
· SN is not aware of the MO configuration from MN
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