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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 98e meeting initial study of multiple concurrent and independent MG patterns have been carried out and the following agreements were achieved:

· Concurrent MG definition

· Concurrent MGs are multiple MGs that are configured for measurements during a common period of time

· Exact definition of common period of time is FFS

· UE behavior for non-overlapping, partially or fully overlapped cases is irrelevant to the definition and will be discussed separately.

· Note 1: current definition does not address pre-configured MG patterns and NCSG. FFS how to address pre-configured MG patterns and NCSG. 

· Concurrent MG patterns

· MG patterns are selected from Rel-16 gap patterns #0 to #25.

The initial discussion on this topic was at RAN4 98e meeting. In this contribution, we provide our considerations on several aspects regarding multiple concurrent and independent MG patterns.
2. Discussion
Concurrent and multiple MGs definition

Common period can be defined as the period when multiple MGs are active. Then this question returns to how to define multiple MGs, i.e., how to differentiate different gaps or how to identify independent gaps during a common period. This question has been discussed at RAN 98e meeting and we propose the following two rules to define concurrent MGs:
1. different gap pattern with same/different MG offset

2. same gap pattern with different MG offset

With these 2 rules it is sufficient to differentiate individual gaps and provides a clear definition on concurrent MGs definition. A strongly related question is whether a multiple MG configuration is necessary to be configured even it satisfies concurrent MG definition. We think this question is a deployment issue and should be separated with concurrent MG definition. For example if gap patterns 1 and 5 with same offset are configured, it satisfies rule 1 and 2 and can be treated as one valid concurrent and multiple MG configuration. However in practice this configuration may not make any sense. Maybe other criteria can be used to prevent this configuration from happening however this should not impact the definition of concurrent and multiple MGs. 
Proposal 1: The definition of concurrent and multiple MGs should be sufficient enough to differentiate individual gaps among a common period. Whether a configuration satisfying concurrent and multiple MG definition will be used or not in practice should be separated with concurrent MG definition 
Proposal 2: The concurrent and multiple MG is defined when either one of the following two rules is satisfied: 
1. different gap pattern with same/different MG offset  2. same gap pattern with different MG offset

Concurrent and multiple MGs overhead
The overhead issue of concurrent and multiple MGs has been discussed at RAN4 98e 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. At [2], [3] 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 [2];
· 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

The Max number of concurrent gaps was also discussed at RAN4 98e meeting where various values such as 2 or above 2 are suggested. The applicability scenario depends on future discussion however from the number of applicability scenario and one intention of introducing the concurrent MG is to handle different applicability scenarios, using 2 may limit the usage of the concurrent MG and we suggest to consider the scenario where at least 2 concurrent gaps are considered. 
Proposal 6: At least 2 concurrent gaps are considered for the concurrent and multiple MG design.   
Relation to per-UE gap and per-FR gap
Another question needs be addressed is the relationship to per-UE or per-FR gap. For the concurrent and multiple MG design, the legacy mechanism of per UE and per FR could be reused as a base. This means for a per UE capable UE, the concurrent and multiple gaps apply at per UE level whereas for the per FR capable UE, the concurrent and multiple gaps could apply at per FR level. 
Proposal 7: For a per UE capable UE, the concurrent and multiple gaps apply at per UE level whereas for the per FR capable UE, the concurrent and multiple gaps could apply at per FR level.
CSSF calculation
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 definition of multiple and concurrent gaps, these objects measured by legacy measurement gap may still share each gap opportunity among the concurrent and multiple gap configuration, alternatively and more likely, these objects cannot share one particular gap among a concurrent and multiple gap configuration. Under this scenario, the CSSFwithin_gap,i needs recalculation. The new value of CSSFwithin_gap,i should be known by the network side as well. 
Proposal 8: When all objects cannot share one particular gap among a concurrent and multiple gap configuration, the CSSFwithin_gap,i for these objects are not within that gap needs recalculation. The new value of CSSFwithin_gap,i should be known by the network side as well.
3. Conclusion
In this contribution, we provide our considerations for the concurrent and multiple gaps design and have the following proposals:
Proposal 1: The definition of concurrent and multiple MGs should be sufficient enough to differentiate individual gaps among a common period. Whether a configuration satisfying concurrent and multiple MG definition will be used or not in practice should be separated with concurrent MG definition 
Proposal 2: The concurrent and multiple MG is defined when either one of the following two rules is satisfied: 

1. different gap pattern with same/different MG offset  2. same gap pattern with different MG offset

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: At least 2 concurrent gaps are considered for the concurrent and multiple MG design.   
Proposal 7: For a per UE capable UE, the concurrent and multiple gaps apply at per UE level whereas for the per FR capable UE, the concurrent and multiple gaps could apply at per FR level.
Proposal 8: When all objects cannot share one particular gap among a concurrent and multiple gap configuration, the CSSFwithin_gap,i for these objects are not within that gap needs recalculation. The new value of CSSFwithin_gap,i should be known by the network side as well.
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