3GPP TSG-RAN WG4 Meeting #104-e                             R4-2211934
Electronic Meeting, August 15 – August 26, 2022
Agenda Item:
11.10. 2
Source: 
CMCC

Title: 


 Discussion on combination of pre-configured MGs, multiple concurrent MGs and NCSG
Document for:
Discussion 
1. Introduction

In RAN #95 meeting, the WID on Further Enhancements on NR and MR-DC Measurement Gaps and Measurements without Gaps was approved [1]. One of the objectives is enhancement of pre-configured MGs, multiple concurrent MGs and NCSG, the details are duplicated as following:

	(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 

· Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG [RAN4]

· Prioritize at least joint requirements for UE configured with

· Case 1: Pre-configured MGs and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is a pre-configured gap)

· Case 2: NCSG and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is NCSG)

· Note: Prioritization among other possible combinations of pre-configured MG, concurrent MG and NCSG can be discussed in WI phase


This contribution provides initial discussion on the combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG.
2. Discussion 
In Rel-17, the baseline functionality of pre-configured MG, concurrent MG and NCSG was introduced, and the RRM requirements are specified respectively for pre-configured MG, concurrent MG and NCSG. The configuration of pre-configured MG, concurrent MG and NCSG was deprioritized.
According to the Rel-18 WID on further enhancements on NR and MR-DC measurement gaps and measurements without gaps [1], combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG are supported. The main case is concurrent MGs are applied to pre-configured and/or NCSG.
For concurrent MG, in Rel-17, up to 2 gaps can be configured to UE which does not support per-FR gap, and up to 3 gaps cross all FRs can be configured to UE which supports per-FR gap in SA case. In our understading, the agreements can be reused for concurrent MGs with pre-configured and/or NCSG.

Proposal 1: for concurrent MGs with pre-MG and/or NCSG, it is proposed to reuse the agreements in Rel-17 that up to 2 gaps can be configured to UE which does not support per-FR gap, and up to 3 gaps cross all FRs can be configured to UE which supports per-FR gap.
2.1 scenarios of combination of pre-configured MGs, multiple concurrent MGs, NCSG
For Pre-MG, in Rel-17, following operations are supported from RAN4 perspective:

· Pre-configured FR1 gap + Pre-configured FR2 gap

· Legacy FR1 gap + Pre-configured FR2 gap

· Legacy FR2 gap + Pre-configured FR1 gap

For NCSG, in Rel-17, following operations are supported from RAN4 perspective:

· NCSG FR1 gap + NCSG FR2 gap

· Legacy FR1 gap + NCSG FR2 gap

· Legacy FR2 gap + NCSG FR1 gap
In Rel-17, concurrent MGs assume all the configured MGs are Rel-15/16 “legacy” MGs (not pre-configured or NCSG). UE supporting the concurrent measurement gap means this UE is capable of more than 1 per-UE measurement gap configurations and/or is capable of more than 1 per-FR gap measurement gap configurations in an FR, or simultaneous 1 per UE measurement gap plus 1 per-FR measurement gap configurations in an FR.
According to the WID [1], the case with concurrent MGs where at least one of the gaps is a pre-configured gap, and the case with concurrent MGs where at least one of the gaps is NCSG are prioritized. In detail, for each case, there are multiple sccenarios considering different gap type and different number of gaps. In order to have better discussion on RRM requirements for the joint combination of gaps, it is necessary to identify the scenarios firstly.
Considering combination of different MG types and different number of gaps, following scenarios are included:

· Only Pre-MG is included in the combination
· Pre-configured per-UE gap + Pre-configured per-UE gap

· Pre-configured FR1 gap + Pre-configured FR1 gap

· Pre-configured FR2 gap + Pre-configured FR2 gap
· 2 Pre-configured FR1 gap + Pre-configured FR2 gap
· Pre-configured FR1 gap + 2 Pre-configured FR2 gap
· Pre-configured per-UE gap + Pre-configured FR1 gap

· Pre-configured per-UE gap + Pre-configured FR2 gap

· Pre-configured per-UE gap + Pre-configured FR1 gap + Pre-configured FR2 gap
· Only NCSG is included in the combination

· NCSG per-UE gap + NCSG per-UE gap

· NCSG FR1 gap + NCSG FR1 gap

· NCSG FR2 gap + NCSG FR2 gap
· 2 NCSG FR1 gap + NCSG FR2 gap
· NCSG FR1 gap + 2 NCSG FR2 gap
· NCSG per-UE gap + NCSG FR1 gap

· NCSG per-UE gap + NCSG FR2 gap

· NCSG per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· Only Pre-MG and legacy MG are included in the combination
· Legacy per-UE gap + Pre-configured per-UE gap

· Legacy FR1 gap + Pre-configured FR1 gap

· Legacy FR2 gap + Pre-configured FR2 gap
· 2 Legacy FR1 gap + Pre-configured FR2 gap

· Legacy FR1 gap + 2 Pre-configured FR2 gap

· 2 Legacy FR2 gap + Pre-configured FR1 gap
· Legacy FR2 gap + 2 Pre-configured FR1 gap
· Legacy FR1 gap + Pre-configured FR1 gap + Pre-configured FR2 gap

· Legacy FR2 gap + Pre-configured FR1 gap + Pre-configured FR2 gap

· Pre-configured per-UE gap + Legacy FR1 gap
· Pre-configured per-UE gap + Legacy FR2 gap
· Pre-configured per-UE gap + Legacy FR1 gap + Legacy FR2 gap
· Legacy per-UE gap + Pre-configured FR1 gap

· Legacy per-UE gap + Pre-configured FR2 gap
· Legacy per-UE gap + Pre-configured FR1 gap + Pre-configured FR2 gap
· Only NCSG and legacy MG are included in the combination
· Legacy per-UE gap + NCSG per-UE gap

· Legacy FR1 gap + NCSG FR1 gap

· Legacy FR2 gap + NCSG FR2 gap
· 2 Legacy FR1 gap + NCSG FR2 gap

· Legacy FR1 gap + 2 NCSG FR2 gap

· 2 Legacy FR2 gap + NCSG FR1 gap
· Legacy FR2 gap + 2 NCSG FR1 gap
· Legacy FR1 gap + NCSG FR1 gap + NCSG FR2 gap

· Legacy FR2 gap + NCSG FR1 gap + NCSG FR2 gap
· NCSG per-UE gap + Legacy FR1 gap

· NCSG per-UE gap + Legacy FR2 gap

· NCSG per-UE gap + Legacy FR1 gap + Legacy FR2 gap
· Legacy per-UE gap + NCSG FR1 gap

· Legacy per-UE gap + NCSG FR2 gap

· Legacy per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· Only Pre-MG and NCSG are included in the combination
· Pre-configured per-UE gap + NCSG per-UE gap

· Pre-configured per-UE gap + NCSG FR1 gap

· Pre-configured per-UE gap + NCSG FR2 gap
· Pre-configured per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· Pre-configured FR1 gap + NCSG per-UE gap

· Pre-configured FR1 gap + NCSG FR1 gap
· Pre-configured FR1 gap + NCSG FR2 gap
· 2 Pre-configured FR1 gap + NCSG FR2 gap
· Pre-configured FR1 gap + 2 NCSG FR2 gap
· Pre-configured FR1 gap + NCSG FR1 gap + NCSG FR2 gap
· Pre-configured FR2 gap + NCSG per-UE gap
· Pre-configured FR1 gap + Pre-configured FR2 gap + NCSG per-UE gap

· Pre-configured FR2 gap + NCSG FR1 gap
· 2 Pre-configured FR2 gap + NCSG FR1 gap
· Pre-configured FR2 gap + 2 NCSG FR1 gap
· Pre-configured FR2 gap + NCSG FR1 gap + NCSG FR2 gap
· Pre-configured FR2 gap + NCSG FR2 gap
· Pre-configured FR1 gap + Pre-configured FR2 gap + NCSG FR2 gap
· Pre-configured FR1 gap + Pre-configured FR2 gap + NCSG FR1 gap
· Pre-MG, NCSG and legacy MG are included in the combination
· Pre-configured FR1 gap + NCSG FR1 gap + legacy FR2 MG

· Pre-configured FR1 gap + legacy FR1 gap + NCSG FR2 MG

· legacy FR1 gap + NCSG FR1 gap + Pre-configured FR2 MG

· Pre-configured FR1 gap + NCSG FR2 gap + legacy FR2 MG

· Pre-configured FR1 gap + legacy FR2 gap + NCSG FR2 MG

· legacy FR1 gap + NCSG FR2 gap + Pre-configured FR2 MG
For the combination with simultaneous 1 per UE measurement gap plus 1 per-FR measurement gap configurations in an FR, more discussion is needed (highlighted in yellow and blue). In Rel-17, the combination with simultaneous 1 legacy per UE measurement gap plus 1 legacy per-FR measurement gap was introduced, but are only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference. Pre-MG can be used for PRS measurement. But the LocationMeasurementIndication is not the trigger event for UE autonomous activatation/deactivation mechanism. The activation/deactivation of Pre-MG for PRS can only follow network control. Based on above consideration, from feasibility point of view, the combination of simultaneous per UE gap and per FR gap in which pre-MG is included (highlighted in blue) can be supported. But we are also open to have further discussion on the support of these scenarios.  
Proposal 2: for the combination of simultaneous per UE gap and per FR gap in which Pre-MG is included, considering Pre-MG can be used for PRS measurement, it is proposed to consider following scenarios:
· Pre-configured per-UE gap + Pre-configured FR1 gap

· Pre-configured per-UE gap + Pre-configured FR2 gap

· Pre-configured per-UE gap + Pre-configured FR1 gap + Pre-configured FR2 gap

· Pre-configured per-UE gap + Legacy FR1 gap

· Pre-configured per-UE gap + Legacy FR2 gap

· Pre-configured per-UE gap + Legacy FR1 gap + Legacy FR2 gap
· Legacy per-UE gap + Pre-configured FR1 gap

· Legacy per-UE gap + Pre-configured FR2 gap

· Legacy per-UE gap + Pre-configured FR1 gap + Pre-configured FR2 gap

As mentioned above the combination with simultaneous 1 legacy per UE measurement gap plus 1 legacy per-FR measurement gap are only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference. Since NCSG can not be used for PRS measurement, it is not necessary to consider the combinations of simultaneous per UE gap and per FR gap in which NCSG in included.
Proposal 3: for the combination of simultaneous per UE gap and per FR gap in which NCSG is included, since NCSG can not be used for PRS measurement, it is proposed NOT to consider following scenarios:
· NCSG per-UE gap + NCSG FR1 gap

· NCSG per-UE gap + NCSG FR2 gap

· NCSG per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· NCSG per-UE gap + Legacy FR1 gap

· NCSG per-UE gap + Legacy FR2 gap

· NCSG per-UE gap + Legacy FR1 gap + Legacy FR2 gap
· Legacy per-UE gap + NCSG FR1 gap

· Legacy per-UE gap + NCSG FR2 gap

· Legacy per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· Pre-configured per-UE gap + NCSG FR1 gap

· Pre-configured per-UE gap + NCSG FR2 gap

· Pre-configured per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· Pre-configured FR1 gap + NCSG per-UE gap

· Pre-configured FR2 gap + NCSG per-UE gap
· Pre-configured FR1 gap + Pre-configured FR2 gap + NCSG per-UE gap
For the combinations with more than 1 pre-configured per-UE measurement gap and the combinations with more than 1 pre-configured per-FR gap measurement gap configurations in an FR (i.e. excluding the combination with simultaneous 1 per UE measurement gap plus 1 per-FR measurement gap configurations in an FR), from our perspective, it is straightforward to consider these combinations in order to improve network configuration flexibility and enable additional use cases.

Proposal 4: for the combinations without simultaneous per UE gap and per FR gap, it is proposed to consider following scenarios:
	Combination type
	Scenarios to be considered

	Only Pre-MG is included in the combination
	· Pre-configured per-UE gap + Pre-configured per-UE gap

· Pre-configured FR1 gap + Pre-configured FR1 gap

· Pre-configured FR2 gap + Pre-configured FR2 gap

· 2 Pre-configured FR1 gap + Pre-configured FR2 gap

· Pre-configured FR1 gap + 2 Pre-configured FR2 gap

	Only NCSG is included in the combination
	· NCSG per-UE gap + NCSG per-UE gap

· NCSG FR1 gap + NCSG FR1 gap

· NCSG FR2 gap + NCSG FR2 gap

· 2 NCSG FR1 gap + NCSG FR2 gap

· NCSG FR1 gap + 2 NCSG FR2 gap

	Only Pre-MG and legacy MG are included in the combination
	· Legacy per-UE gap + Pre-configured per-UE gap

· Legacy FR1 gap + Pre-configured FR1 gap

· Legacy FR2 gap + Pre-configured FR2 gap

· 2 Legacy FR1 gap + Pre-configured FR2 gap

· Legacy FR1 gap + 2 Pre-configured FR2 gap

· 2 Legacy FR2 gap + Pre-configured FR1 gap

· Legacy FR2 gap + 2 Pre-configured FR1 gap

· Legacy FR1 gap + Pre-configured FR1 gap + Pre-configured FR2 gap

· Legacy FR2 gap + Pre-configured FR1 gap + Pre-configured FR2 gap

	Only NCSG and legacy MG are included in the combination
	· Legacy per-UE gap + NCSG per-UE gap

· Legacy FR1 gap + NCSG FR1 gap

· Legacy FR2 gap + NCSG FR2 gap

· 2 Legacy FR1 gap + NCSG FR2 gap

· Legacy FR1 gap + 2 NCSG FR2 gap

· 2 Legacy FR2 gap + NCSG FR1 gap

· Legacy FR2 gap + 2 NCSG FR1 gap

· Legacy FR1 gap + NCSG FR1 gap + NCSG FR2 gap

· Legacy FR2 gap + NCSG FR1 gap + NCSG FR2 gap

	Only Pre-MG and NCSG are included in the combination
	· Pre-configured per-UE gap + NCSG per-UE gap

· Pre-configured FR1 gap + NCSG FR1 gap

· Pre-configured FR1 gap + NCSG FR2 gap

· 2 Pre-configured FR1 gap + NCSG FR2 gap

· Pre-configured FR1 gap + 2 NCSG FR2 gap

· Pre-configured FR1 gap + NCSG FR1 gap + NCSG FR2 gap

· Pre-configured FR2 gap + NCSG FR1 gap

· 2 Pre-configured FR2 gap + NCSG FR1 gap

· Pre-configured FR2 gap + 2 NCSG FR1 gap

· Pre-configured FR2 gap + NCSG FR1 gap + NCSG FR2 gap

· Pre-configured FR2 gap + NCSG FR2 gap
· Pre-configured FR1 gap + Pre-configured FR2 gap + NCSG FR2 gap

· Pre-configured FR1 gap + Pre-configured FR2 gap + NCSG FR1 gap

	Pre-MG, NCSG and legacy MG are included in the combination
	· Pre-configured FR1 gap + NCSG FR1 gap + legacy FR2 MG

· Pre-configured FR1 gap + legacy FR1 gap + NCSG FR2 MG

· legacy FR1 gap + NCSG FR1 gap + Pre-configured FR2 MG

· Pre-configured FR1 gap + NCSG FR2 gap + legacy FR2 MG

· Pre-configured FR1 gap + legacy FR2 gap + NCSG FR2 MG

· legacy FR1 gap + NCSG FR2 gap + Pre-configured FR2 MG


2.2 definition of concurrent gaps when there is pre-MG and/or NCSG
In Rel-17, concurrent measurement gaps are defined as that network provide multiple measurement gaps configured by RRC message(s). However, this definition is not suitable for the case that Pre-MG is included. Pre-MG is configured by RRC message, but whether it is activated or not is based on network control or UE autonomous rules. When Pre-MG is deactivated, UE bahviour is the same as there is no measurement gaps.
When there is Pre-MG, the definition of concurrent measurement gaps can be updated as that network provide multiple measurement gaps configured by RRC message(s) and Pre-MG is activated.
Proposal 5: When there is Pre-MG, the definition of concurrent measurement gaps can be updated as: network provide multiple measurement gaps configured by RRC message(s) and Pre-MG is activated.
For NCSG, since there is no activation/deactivation machanism, existing definition of concurrent measurement gaps can be reused. 

Proposal 6: For NCSG, the existing definition of concurrent measurement gaps can be reused, which is network provide multiple measurement gaps configured by RRC message(s).
2.3 definition of collision among gaps
One issue to be considered is collision among gaps for concurrent measurement gaps. In Rel-17, two measurement gap occasions are considered colliding if at least one of the following conditions is met:

-
the two occasions are fully or partially overlapping in time domain, or

-
the distance between the two occasions is equal to or smaller than [4]ms.
However, above definition is not suitable when Pre-MG and/or NCSG is included. For Pre-MG, as discussed above, whether Pre-MG is activated or not need to be considered. If Pre-MG is deactivated, there is no collision. In order to reflect this situation, in addition to existing definitation, additional note can be added to clarify that for Pre-MG, the occasions are the one corresponding to activated Pre-MG.

Proposal 7: when Pre-MG is included in concurrent MGs, the definition of collision is proposed to be updated as following (the update part is highlighted in yellow):

· Two measurement gap occasions are considered colliding if at least one of the following conditions is met:

-
the two occasions are fully or partially overlapping in time domain, or

-
the distance between the two occasions is equal to or smaller than [4]ms.

Note: for Pre-MG, the gap occasions are the one corresponding to activated Pre-MG.   
NCSG is different from other measurement gap types. NCSG pattern comprises ML and VIRP. ML is Measurement Length during which there is no gap. VIRP is the Visible interruption Repetition Period. Since there is spare RF chain, when UE perform measurement during ML, UE can still be scheduled to receive/transmit data. The reason we consider collision between MGs is that it is assumed UE can only perform measurement of one frequency layer during one MG occasion. While for NCSG, UE is capable of NCSG if there is spare RF chain. UE could perform measurement on more than one frequency layer during one MG occasion if there are more than one spare RF chain. From this point of view, it seems there is no need to consider collision issue between two NCSGs or between NCSG and other MG types. In detail, even if two NCSGs are overlapped or NCSG is overlapped with other MG gaps, both of the two gaps can be used for measurement, no need to drop one of them.
Proposal 8: considering that there is spare RF chain for NCSG, even if two NCSGs are overlapped or NCSG is overlapped with other MG gaps (Pre-MG or legacy MG), both of these two overlapped gaps can be used for measurement, no need to drop one of them. 
One scenario to be noted is that RRT of one NCSG pattern is overlapped with ML of another NCSG pattern. Since RRT is about RF retuning, there will be interruption or scheduling restriction during ML.
Proposal 9: for the case that RRT of one NCSG pattern is overlapped with ML of another NCSG pattern, interruption or scheduling restriction may need to be considered during ML.
Similar scenario is that RRT of one NCSG pattern is overlapped with MGL of legacy MG or activated pre-MG. RRT is the time for RF retuning, which may have impact on the measurement performed during MGL of Pre-MG or legacy MG. We are nor sure how serious this impact is and how to solve this issue is the impact is not negaligible, which can be further discussed.
Proposal 10: for the case that RRT of one NCSG pattern is overlapped with MGL of legacy MG or activated pre-MG, RRT may have impact on the measurement performed during MGL of Pre-MG or legacy MG. It is proposed to further discuss how serious this impact is and how to solve this issue if the impact is not negaligible. 
3. Conclusion
This contribution provides discussion on combination of pre-configured MGs, multiple concurrent MGs and NCSG. The proposals are:
Proposal 1: for concurrent MGs with pre- MG and/or NCSG, it is proposed to reuse the agreements in Rel-17 that up to 2 gaps can be configured to UE which does not support per-FR gap, and up to 3 gaps cross all FRs can be configured to UE which supports per-FR gap.

Proposal 2: for the combination of simultaneous per UE gap and per FR gap in which Pre-MG is included, considering Pre-MG can be used for PRS measurement, it is proposed to consider following scenarios:

· Pre-configured per-UE gap + Pre-configured FR1 gap

· Pre-configured per-UE gap + Pre-configured FR2 gap

· Pre-configured per-UE gap + Pre-configured FR1 gap + Pre-configured FR2 gap

· Pre-configured per-UE gap + Legacy FR1 gap

· Pre-configured per-UE gap + Legacy FR2 gap

· Pre-configured per-UE gap + Legacy FR1 gap + Legacy FR2 gap
· Legacy per-UE gap + Pre-configured FR1 gap

· Legacy per-UE gap + Pre-configured FR2 gap

· Legacy per-UE gap + Pre-configured FR1 gap + Pre-configured FR2 gap

Proposal 3: for the combination of simultaneous per UE gap and per FR gap in which NCSG is included, since NCSG can not be used for PRS measurement, it is proposed NOT to consider following scenarios:
· NCSG per-UE gap + NCSG FR1 gap

· NCSG per-UE gap + NCSG FR2 gap

· NCSG per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· NCSG per-UE gap + Legacy FR1 gap

· NCSG per-UE gap + Legacy FR2 gap

· NCSG per-UE gap + Legacy FR1 gap + Legacy FR2 gap
· Legacy per-UE gap + NCSG FR1 gap

· Legacy per-UE gap + NCSG FR2 gap

· Legacy per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· Pre-configured per-UE gap + NCSG FR1 gap

· Pre-configured per-UE gap + NCSG FR2 gap

· Pre-configured per-UE gap + NCSG FR1 gap + NCSG FR2 gap

· Pre-configured FR1 gap + NCSG per-UE gap

· Pre-configured FR2 gap + NCSG per-UE gap
· Pre-configured FR1 gap + Pre-configured FR2 gap + NCSG per-UE gap
Proposal 4: for the combinations without simultaneous per UE gap and per FR gap, it is proposed to consider following scenarios:
	Combination type
	Scenarios to be considered

	Only Pre-MG is included in the combination
	· Pre-configured per-UE gap + Pre-configured per-UE gap

· Pre-configured FR1 gap + Pre-configured FR1 gap

· Pre-configured FR2 gap + Pre-configured FR2 gap

· 2 Pre-configured FR1 gap + Pre-configured FR2 gap

· Pre-configured FR1 gap + 2 Pre-configured FR2 gap

	Only NCSG is included in the combination
	· NCSG per-UE gap + NCSG per-UE gap

· NCSG FR1 gap + NCSG FR1 gap

· NCSG FR2 gap + NCSG FR2 gap

· 2 NCSG FR1 gap + NCSG FR2 gap

· NCSG FR1 gap + 2 NCSG FR2 gap

	Only Pre-MG and legacy MG are included in the combination
	· Legacy per-UE gap + Pre-configured per-UE gap

· Legacy FR1 gap + Pre-configured FR1 gap

· Legacy FR2 gap + Pre-configured FR2 gap

· 2 Legacy FR1 gap + Pre-configured FR2 gap

· Legacy FR1 gap + 2 Pre-configured FR2 gap

· 2 Legacy FR2 gap + Pre-configured FR1 gap

· Legacy FR2 gap + 2 Pre-configured FR1 gap

· Legacy FR1 gap + Pre-configured FR1 gap + Pre-configured FR2 gap

· Legacy FR2 gap + Pre-configured FR1 gap + Pre-configured FR2 gap

	Only NCSG and legacy MG are included in the combination
	· Legacy per-UE gap + NCSG per-UE gap

· Legacy FR1 gap + NCSG FR1 gap

· Legacy FR2 gap + NCSG FR2 gap

· 2 Legacy FR1 gap + NCSG FR2 gap

· Legacy FR1 gap + 2 NCSG FR2 gap

· 2 Legacy FR2 gap + NCSG FR1 gap

· Legacy FR2 gap + 2 NCSG FR1 gap

· Legacy FR1 gap + NCSG FR1 gap + NCSG FR2 gap

· Legacy FR2 gap + NCSG FR1 gap + NCSG FR2 gap

	Only Pre-MG and NCSG are included in the combination
	· Pre-configured per-UE gap + NCSG per-UE gap

· Pre-configured FR1 gap + NCSG FR1 gap

· Pre-configured FR1 gap + NCSG FR2 gap

· 2 Pre-configured FR1 gap + NCSG FR2 gap

· Pre-configured FR1 gap + 2 NCSG FR2 gap

· Pre-configured FR1 gap + NCSG FR1 gap + NCSG FR2 gap

· Pre-configured FR2 gap + NCSG FR1 gap

· 2 Pre-configured FR2 gap + NCSG FR1 gap

· Pre-configured FR2 gap + 2 NCSG FR1 gap

· Pre-configured FR2 gap + NCSG FR1 gap + NCSG FR2 gap

· Pre-configured FR2 gap + NCSG FR2 gap

· Pre-configured FR1 gap + Pre-configured FR2 gap + NCSG FR2 gap

· Pre-configured FR1 gap + Pre-configured FR2 gap + NCSG FR1 gap

	Pre-MG, NCSG and legacy MG are included in the combination
	· Pre-configured FR1 gap + NCSG FR1 gap + legacy FR2 MG

· Pre-configured FR1 gap + legacy FR1 gap + NCSG FR2 MG

· legacy FR1 gap + NCSG FR1 gap + Pre-configured FR2 MG

· Pre-configured FR1 gap + NCSG FR2 gap + legacy FR2 MG

· Pre-configured FR1 gap + legacy FR2 gap + NCSG FR2 MG

· legacy FR1 gap + NCSG FR2 gap + Pre-configured FR2 MG


Proposal 5: When there is Pre-MG, the definition of concurrent measurement gaps can be updated as: network provide multiple measurement gaps configured by RRC message(s) and Pre-MG is activated.
Proposal 6: For NCSG, the existing definition of concurrent measurement gaps can be reused, which is network provide multiple measurement gaps configured by RRC message(s).
Proposal 7: when Pre-MG is included in concurrent MGs, the definition of collision is proposed to be updated as following (the update part is highlighted in yellow):

· Two measurement gap occasions are considered colliding if at least one of the following conditions is met:

-
the two occasions are fully or partially overlapping in time domain, or

-
the distance between the two occasions is equal to or smaller than [4]ms.

Note: for Pre-MG, the gap occasions are the one(s) corresponding to activated Pre-MG.   
Proposal 8: considering that there is spare RF chain for NCSG, even if two NCSGs are overlapped or NCSG is overlapped with other MG gaps (Pre-MG or legacy MG), both of these two overlapped gaps can be used for measurement, no need to drop one of them. 

Proposal 9: for the case that RRT of one NCSG pattern is overlapped with ML of another NCSG pattern, interruption or scheduling restriction may need to be considered during ML.
Proposal 10: for the case that RRT of one NCSG pattern is overlapped with MGL of legacy MG or activated pre-MG, RRT may have impact on the measurement performed during MGL of Pre-MG or legacy MG. It is proposed to further discuss how serious this impact is and how to solve this issue if the impact is not negaligible. 
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