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1. Introduction
At RAN 89 meeting one WI related to measurement gap enhancement was agreed at [1], three topics among a pack of possible enhancement areas related to gap enhancement had been picked up for that WI. At RAN4 98e meeting initial study on this WI has been carried on. In this contribution, we provide our further considerations on pre-configured MG patterns.
2. Discussion
The objective of Pre-configured MG pattern(s) (fast MG configuration) study is copied below [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
At RAN4 98bis meeting, the following agreements are achieved. 

Agreements:

· Focus on the scenarios with the pre-configured MG for single CC BWP switching scenario.
· FFS whether to define pre-configured MG for multiple CC BWP switching scenario for NR-CA case 
· Consider this in 2nd stage.
· Whether the pre-configured gaps shall be considered as a part of multiple concurrent gap patterns framework
· Consider this in 2nd stage.
· How pre-configured MGs can be configured:
· The common configuration parameters of pre-configured MG (e.g. MGRP, MGL, etc) which are same as these of Rel16 legacy MG can be configured by the similar way as the Rel16 legacy MGs
· FFS on the specific configuration parameters for the new aspects of pre-configured MG to be introduced, 
· One single bit (or flag) per BWP to indicate whether the pre-configured MG is ON or OFF when that BWP becomes active
·  Others are not precluded.
· The conditions to activate/de-activate the Pre-configured MG are:
· BWP switching
· For activation decision, MO configured can perform gapless measurement before BWP switching but not after BWP switching. For deactivation decision, MO configured can perform gapwith measurement before BWP switching but can not after BWP switching.
· Other conditions are not precluded 
· FFS on whether NW can fully control the pre-configured MG being activated/deactivated
· FFS on how pre-configured MGs can be activated/deactivated:
· Option 1 Autonomously/implicitly triggered by condition change
· Option1a Autonomously triggered by BWP switching DCI/timer but explicitly directed according to the pre-configured ON/OFF state/bit for the target BWP
· Option 2: If the use case of MG pattern change following BWP switch is considered, to activate/deactivate the pre-configured MG by the network indication
· Pre-configured MG pattern applicability 
· If the gap patterns which can be used as the pre-configured gap are reused from Rel16, the same applicability(per-UE/per-FR) shall follow the rules defined in Rel16 also
In this contribution we further discuss issues related to the following areas: 
How to configured pre-configured MGs (configuration procedure)
It was agreed that Pre-configured MG(s) are configured per UE or per FR and the left issue is whether pre-configured MGs can be additionally configured per BWP 
Regarding this question, basically for Rel-15/16 UE, the SSB based measurement would need MG if the active BWP doesn’t contain the target SSB. After a BWP switch, it is possible that the bandwidth of the new BWP covers the SSB of MO. In this scenario measurement gap is not required to perform RRM measurement on that MO. However that UE has still to use its previous measurement gap configuration since the measurement gap configuration is done through RRC signalling. Of course the other way is also possible, i.e., the BWP before a BWP switch contains the SSB of MOs whereas the BWP after a BWP switch does not cover SSB of MOs at the frequency domain. The system has fully knowledge of the location of all BWPs and MOs at the frequency domain and can pre-determine whether an active BWP needs gap to measure a particular MO. 
Observation 1: The system has fully knowledge of the frequency location of all BWPs and MOs and can pre-determine whether an active BWP needs gap to measure a particular MO.

Following observation 1, if a pre-configured MG is configured at either per UE or per FR level, then the system can further indicate through signalling on whether it should be activated or not for a particular BWP when measuring a particular MO. Through this way, even a pre-configured MG is configured at per UE or per FR level, from each individual BWP point of view, whether the pre-configured MG should be activated or deactivated is fully determined through corresponding signalling. Therefore from configuration point of view, it is not necessary to configure pre-configured MGs for each BWP. 
Proposal 1: For each individual BWP, when it is active, whether the pre-configured MG should be activated or deactivated, i.e., the activated/deactivated status of the pre-configured gap, is fully determined by the network and could be forward to UE through corresponding signalling.
Proposal 2: It is not necessary to configure pre-configured MGs for each BWP. 

How to determine the activated or deactivated status of pre-configured MGs for a BWP
Fundamentally, for a particular BWP, whether the pre-configured MG to be activated/deactivated should be fully determined by the frequency domain relationship between BWP and related measurement objects, for example, whether the SSB of a measurement object is fully covered by BWP bandwidth. The network side has all information of configured measurement objects and BWP of a UE hence the network can deduce whether a measurement gap is required by a particular BWP when measuring a particular measurement object. 
Observation 2: for the fundamental case where only one BWP and only one measurement object, the network can deduce whether a measurement gap is required by a particular BWP when measuring a particular measurement object.
When consider multiple objects, the frequency domain location between multiple MOs and one particular BWP is complicated. The following scenarios can be identified:

1. All bandwidth of MOs are covered by the BWP’s bandwidth. Then that BWP can measure all MOs without any gap and the status of pre-configured MG is deactivated.

2. All MOs are out of the bandwidth of a BWP. The pre-configured MG should be activated for this BWP.
3. The more general case is some of MOs are within the bandwidth of a particular BWP and the other MOs are out of the bandwidth of that BWP. In this case it is still possible that this BWP can measure some MOs without using gap when the SSB/CSI-RS of these measurement objects are covered by the BWP at the frequency domain. However since a measurement gap is used for other MOs anyway, the benefit is limited when further differentiating whether gap is used or not for these measurement objects which could be measured without gap. Therefore under this scenario the pre-configured MG should be activated for this BWP as well. 
Combine all these three scenarios we have the following proposal:

Proposal 3: The pre-configured MG is deactivated when the bandwidth of all MOs are within the bandwidth of this BWP. The pre-configured MG is activated for this BWP when the bandwidth of any one MO are out of the bandwidth of this BWP. 
Specific configuration parameters for the pre-configured MG 

At previous meeting one suggestion on the detailed configuration for pre-configured MG is to use one single bit (or flag) per BWP to indicate whether the pre-configured MG is ON or OFF. We think this could be a simple way to link a pre-configured MG with a particular BWP. That single bit will indicate On/OFF status when that BWP is active and when that BWP is inactive, the indication through bits is neglected. 
Proposal 4: Suggests to use one bit or few bits per BWP to indicate whether the pre-configured MG is ON or OFF when that BWP is active. When that BWP is inactive, the indication through bits is neglected.

Initial status of the pre-configured MG after configuration completed
Regarding this issue, we think the status of pre-configured MG should not be fixed, i.e., option 3. Firstly the status should mean the status for a particular BWP otherwise it does not make any sense. The status should be jointly determined by the active/inactive status of a BWP and the ON/OFF indication carried by bits/signallings during pre-configured MG configuration.  
Proposal 5: The initial status of a pre-configured MG for a particular BWP should be jointly determined by the active/inactive status of that BWP and the ON/OFF indication carried by bits/signallings during pre-configured MG configuration.  

Whether MG configuration can be changed after BWP switching
The configuration for pre-configured MG should be done through RRC signalling together with measurement gap configuration. Hence the configuration could be changed through RRC reconfiguration instead of BWP switching.  
Proposal 6: the pre-configured MG configuration is changed through RRC reconfiguration procedure and will not be changed after a BWP switching. 
Regarding activate/de-activate the Pre-configured MG
To our understanding, the condition to activate/de-activate the Pre-configured MG is BWP switch. Regarding how pre-configured MGs can be activated/deactivated, we agree with option 1a below :
· Option1a Autonomously triggered by BWP switching DCI/timer but explicitly directed according to the pre-configured ON/OFF state/bit for the target BWP
Proposal 7: the condition to activate/de-activate the Pre-configured MG is BWP switch, use option 1a to determine on how pre-configured MGs can be activated/deactivated
3. Conclusion
In this contribution, we provide our further considerations for the Pre-configured MG pattern(s) (fast MG configuration) item and have the following proposals:
Proposal 1: For each individual BWP, when it is active, whether the pre-configured MG should be activated or deactivated, i.e., the activated/deactivated status of the pre-configured gap, is fully determined by the network and could be forward to UE through corresponding signalling.
Proposal 2: It is not necessary to configure pre-configured MGs for each BWP. 

Proposal 3: The pre-configured MG is deactivated when the bandwidth of all MOs are within the bandwidth of this BWP. The pre-configured MG is activated for this BWP when the bandwidth of any one MO are out of the bandwidth of this BWP. 
Proposal 4: Suggests to use one bit or few bits per BWP to indicate whether the pre-configured MG is ON or OFF when that BWP is active. When that BWP is inactive, the indication through bits is neglected.

Proposal 5: The initial status of a pre-configured MG for a particular BWP should be jointly determined by the active/inactive status of that BWP and the ON/OFF indication carried by bits/signallings during pre-configured MG configuration.  

Proposal 6: the pre-configured MG configuration is changed through RRC reconfiguration procedure and will not be changed after a BWP switching. 

Proposal 7: the condition to activate/de-activate the Pre-configured MG is BWP switch, use option 1a to determine on how pre-configured MGs can be activated/deactivated
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