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1. Introduction
At RAN 90 meeting one WI related to Rel-17 RRM gap enhancement was agreed at [1], three topics were provided. The objective of multiple concurrent and independent MG patterns is copied here for information:
Multiple concurrent and independent MG patterns [RAN4, RAN2]

· RRM requirements for concurrent and independent MG patterns [RAN4] 

· Define requirements for UE maximum number of concurrent and independent MG patterns active at any time

· Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 

· Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 

· Define the corresponding measurement requirements

· Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 

· Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 

· Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input

At RAN4 98bis-e meeting this item has been further discussed and the following agreements were achieved:

· Concurrent gaps are configured by multiple RRC IE MeasGapConfig [during a common period of time]
· FFS on the definition of the “common period of time” and whether it shall be introduced
· FFS how to handle fully overlapping multiple MG case
· FFS how to handle activated/deactivated pre-configured MGs (in case they are defined)
· Detailed RRC configuration is up to RAN2
· UE behavior for measurement of multiple MG patterns is FFS
In this contribution, we provide our further considerations on several aspects regarding multiple concurrent and independent MG patterns.
2. Discussion
Concurrent and multiple MGs definition

The general definition of concurrent and multiple MGs has been agreed however there are still a few FFS. Regarding the definition of “common period of time”, the following are listed in [2]

· Common period of time:
· Without considering pre-configured gap: The common period of time is the duration in which UE is configured with more than one MGs 
· With considering pre-configured gap: FFS
· E.g., The common period of time is the time during which the UE is operating with more than one active MG 
Hence the left issue is how to define the common period of time when the pre-configured MG is one of the concurrent and multiple MG configurations. To our understanding on the pre-configured MG, its configuration should be the same as a legacy MG and is configured at either per UE or per FR level. The only difference compared with a legacy MG is that it will be linked to particular BWPs through particular signaling. Therefore as an independent MG among the concurrent and multiple MGs, its property is the same as another independent MG composed by a legacy MG. Hence the current definition of “common period of time” applies to the scenario where a pre-configured MG is one of the concurrent and multiple MG configurations     

Proposal 1: The current definition of “common period of time” applies to the scenario where a pre-configured MG is one of the concurrent and multiple MG configurations. Hence the common period of time should be: The common period of time is the duration in which UE is configured with more than one MGs (MG includes legacy MG and pre-configured MG)
Applicability and configurations
Regarding the applicability and configurations of concurrent and multiple MGs, the following options are listed at [2]:
· FFS whether RAN4 should associate gap(s) to dedicated use case(s). 
· If Yes, Option 1: associate gap(s) to dedicated use case(s)
· FFS on whether to associate all gaps or only the new gap 
· FFS on which use cases should be associated. 
· Option 2: NW configures which MG is to be used for each MO
· Option 3: NW configures which MO is to be measured in new/each MG
The user case for legacy MG is one measurement gap is used by all configured MOs which need measurement gap to perform measurement. The properties of different MOs could vary significantly hence the intention of the concurrent and multiple MGs is to improve measurement efficiency through introducing more than one MG during the common period of time. Naturally, this implies a few MOs which cannot be efficiently measured by one legacy MG should be associated to a new gap, from measurement efficiency point of view. Compared with option 1 and option 3, we think a particular user case will be well represented by its corresponding configured MO hence we think option 3 is straightforward and have the following proposal:
Proposal 2: Regarding the applicability and configurations of concurrent and multiple MGs, suggest to use option 3, “NW configures which MO is to be measured in new/each MG”. 

Concurrent and multiple MGs overhead
The overhead issue of concurrent and multiple MGs has been discussed at RAN4 98e and 98bis-e meeting. The overhead, which directly links to the throughput loss due to the measurement gap, is a key question for the concurrent and multiple MGs design since the implementation complexity will be increased anyway by introducing this feature. A reasonable overhead could provide a good tradeoff among implementation complexity, throughput loss and measurement performance benefit through using this feature and justify the executability of this feature. During previous RAN4 meeting, the overhead was discussed and one suggestion is that the MG overhead shall not exceed the maximum MG overhead of the pattern supported by the UE according to R15/16 capabilities supportedGapPattern and supportedGapPattern-NRonly. We also think this could be used as a principle to limit the overhead of concurrent and multiple MG overhead. 
The next question is how to calculate the overhead of concurrent and multiple MG. The calculation on overhead of a single gap pattern is straightforward by using the ratio between MGL and MGRP. The calculation of concurrent and multiple MG overhead needs consider different/same gap pattern and different/same offset. To our understanding different offset makes no difference on the overhead value when the overhead is calculated over a long period. For different/same gap pattern scenario, the overhead calculation depends on whether there is overlapping among MGs. When MGs are fully nonoverlapping, the overhead ratio can be calculated as: (total MGL length within X)/X, where X is the least common multiple among all MGRPs within a concurrent and multiple MG configuration. When MGs are overlapping, the overhead ratio can be calculated as: [(total MGL length – total overlapping period) within X]/X. 
Proposal 3: the MG overhead of a concurrent and multiple MG configuration shall not exceed a threshold defined based on UE capabilities.
Proposal 4:  When MGs are fully nonoverlapping, not matter the offsets between individual gap patterns among a concurrent MG configuration, the overhead ratio can be calculated as: (total MGL length within X)/X, where X is the least common multiple among all MGRPs within a concurrent and multiple MG configuration. 
Proposal 5: When MGs are overlapping, not matter the offsets between individual gap patterns among a concurrent MG configuration, the overhead ratio can be calculated as: [(total MGL length – total overlapping period) within X]/X, where X is the least common multiple among all MGRPs within a concurrent and multiple MG configuration.
Max number of concurrent gaps

The number of individual gap patterns within a concurrent MG configuration is also a key question needs be addressed when designing this feature. The limitation on the max number comes from the following aspects: 1. Implementation complexity 2. Overhead of MG, 3 applicability scenarios. The overhead has been discussed before. Regarding the applicability scenario, the following scenarios has been discussed at RAN4 98e meeting [3];
· Different SMTC configurations, e.g., different MOs (CATT, CMCC, Ericsson, HW)

· Different RSs, e.g., SSB, CSI-RS, PRS, RSSI (CATT, CMCC, MTK, QC, Ericsson, HW, Intel)

· Different RATs (CATT, CMCC, MTK, Ericsson, HW)

· Different gap types, e.g., NCSG or pre-configured MG (MTK, LGE)

· NTN measurement

This issue was further discussed at RAN4 98bis-e meeting and it is related to UE capabilities on per UE or per FR configuration as well. For the per UE configuration, the following options are available based on previous RAN4’s 
When UE doesn’t support per-FR gap, 
· All concurrent gaps are per-UE
· The max number of supported concurrent gap is
· Option A: 2
· Option B: 3
· Option C: Up to UE capability
When considering per FR capability UE, it is already possible that one particular MG is configured for a FR. Hence there are possible 2 MGs for per FR UE already. Considering this point, we suggest to use option B for per UE configuration since it is easy to have consistent max number of concurrent map for both per UE and per FR UE. 
Proposal 6: For per UE scenario, the max number of supported concurrent gap is 3, i.e., option B.

Measurement requirements
Regarding measurement requirements, the following are for FFS:

· FFS additional assumptions (on network configuration and for UE behavior) for concurrent gap, e.g., 
· Only one frequency layer can be measured in a single gap instance. 
· Only one type of RSs can be performed in a single gap instance. 
· One RS configuration can only be measured in one MG pattern
· FFS CSSF requirements of concurrent gap
· FFS: RRM impact from reconfiguration of concurrent gaps, e.g., impact to ongoing measurement procedures when a 2nd gap is configured
Regarding CSSF, the legacy methodology to calculate the CSSFwithin_gap,i of one particular measurement object is based on the assumption that all related measurement objects share one configured measurement gap. When multiple and concurrent measurement gaps are configured, depending on the applicability and configurations issue discussed above, it is likely that some MOs share one particular independent MG within multiple concurrent MGs and the other MOs share another independent MG among multiple concurrent MGs, i.e., option 3 “NW configures which MO is to be measured in new/each MG” is used at above discussion. Under this scenario, the CSSFwithin_gap,i needs recalculation. 
Proposal 7: When “NW configures which MO is to be measured in new/each MG”, the CSSFwithin_gap,i needs recalculation. For a particular gap, only MOs share this gap should be counted in.
3. Conclusion
In this contribution, we provide our considerations for the concurrent and multiple gaps design and have the following proposals:
Proposal 1: The current definition of “common period of time” applies to the scenario where a pre-configured MG is one of the concurrent and multiple MG configurations. Hence the common period of time should be: The common period of time is the duration in which UE is configured with more than one MGs (MG includes legacy MG and pre-configured MG)
Proposal 2: Regarding the applicability and configurations of concurrent and multiple MGs, suggest to use option 3, “NW configures which MO is to be measured in new/each MG”. 

Proposal 3: the MG overhead of a concurrent and multiple MG configuration shall not exceed a threshold defined based on UE capabilities.

Proposal 4:  When MGs are fully nonoverlapping, not matter the offsets between individual gap patterns among a concurrent MG configuration, the overhead ratio can be calculated as: (total MGL length within X)/X, where X is the least common multiple among all MGRPs within a concurrent and multiple MG configuration. 
Proposal 5: When MGs are overlapping, not matter the offsets between individual gap patterns among a concurrent MG configuration, the overhead ratio can be calculated as: [(total MGL length – total overlapping period) within X]/X, where X is the least common multiple among all MGRPs within a concurrent and multiple MG configuration.
Proposal 6: For per UE scenario, the max number of supported concurrent gap is 3, i.e., option B.

Proposal 7: When “NW configures which MO is to be measured in new/each MG”, the CSSFwithin_gap,i needs recalculation. For a particular gap, only MOs share this gap should be counted in.
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