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1. Introduction
In RAN#98bis-e meeting, multiple concurrent and independent MG patterns was discussed and the related WF was approved in [1]. In this contribution, we would like to further discuss multiple concurrent and independent measurement gap pattern and provide our proposals.
2. Discussion
Definition
In last meeting, RAN4 had extensive discussion on the definition of concurrent MG and independent MG, and it was agreed the definition of concurrent MG and independent MG can be merged. The related consensus on the definition are captured as follows:
	Definition
· 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
· 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 


The common period of time in the definition is the duration in which UE is configured with more than one MGs. And if pre-configured MG is considered in concurrent MGs, whether the clarification on the common period of time is applied or not. According to our understanding, this clarification on the common period of time is applied with considering pre-configured MG, since the pre-configured MG is the same as legacy MG from the gap configuration perspective, thus, the pre-configured MG can be considered as the legacy MG in concurrent MG discussion. 
Proposal 1: The common period of time is the duration in which UE is configured with more than one MGs with considering pre-configured MG.
Applicability and configurations
According to the agreements on applicability of concurrent gaps, the measurement purpose include:
· Different configuration (e.g. periodicity and/or offset) of reference signals from different cells or frequency layers that cannot be covered by one measurement gap, 
· SMTC from different cells or frequency layers that cannot be covered by one measurement gap, e.g., asynchronous deployment 
· Different RSs, e.g., SSB, CSI-RS, PRS, RSSI 
· Different RATs
· FFS whether to allow concurrent MG when the UE is configured to perform only non-NR RAT measurements
For the measurement different RATs, it is expected to configure the concurrent gaps to prioritize the non-NR RAT measurements, which can improve the efficiency of network. For example, for the MOs including LTE measurements and NR measurements with smaller SMTC duration, e.g. SMTC duration = 1ms. Then, network can configure MGP#1 or #2 for LTE measurements, and MGP#20~23 for NR measurements. 
Proposal 2: UE is allowed to be configured with concurrent MG to perform only non-NR RAT measurements.
When the concurrent gaps are configured to perform measurement on different RSs, e.g. SSB, CSI-RS, PRS or RSSI. The concurrent gaps need to associate to the dedicated measurement purpose from gap configuration point of view. Otherwise, network and UE may have different understating on the usage of the configured concurrent gaps.
Proposal 3: The concurrent gaps shall be associated to the dedicated measurement purpose.
UE capability related issues
In last meeting, it was agreed the independent MG should be either per-UE gap or per-FR gap. And the related agreements are captured as follows:
	· 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 UE supports per-FR gap, 
· FFS whether to allow per-UE gap and per-FR gap to be configured simultaneously
· FFS the max number of supported concurrent gap
· FFS on the combination of the per-UE gap and/or per-FR gap to be configured simultaneously
· FFS whether a Per-FR gap capable UE can be configured with Per-UE concurrent gaps (e.g. not configured with Per-FR gaps but only per-UE concurrent gaps)
· FFS whether UE shall support combinations of concurrent gaps comprising of any UE supported MGPs
· FFS whether to introduce the applicability conditions that may limit the allowable combinations of MGs’ configurations  that can be configured concurrently


On the maximum number of the independent gap, in order to guarantee the mobility performance and the throughput performance, we prefer to have 2 independent measurement gap pattern per-UE for per-UE gap capable UE and per-FR for per-FR gap capable UE. However, for per-FR gap capable UE, the max number of independent gap in total is 3.
Proposal 4: The maximum number of the independent measurement gap pattern are proposed as follows:
· For per-UE capable UE, the max number of independent MG pattern is 2;
· For per-FR capable UE, 
· the max number of independent MG pattern in FR1 is 2;
· the max number of independent MG pattern in FR2 is 2;
· the max number of independent MG pattern in FR1+ FR2 is 3;
When UE supports per-FR gap, whether the UE is allowed to be configured per-UE gap and per-FR gap simultaneously. According to our understanding, the difference between per-FR gap and per-UE gap is the RF retuning time from the gap configuration perspective. Hence, the RF retuning time should be the same for a UE it is not expected to configure per-UE gap for per-FR gap capable UE in legacy MG design. Hence, it is proposed to follow the same rule in concurrent MG, when UE supports per-FR gap, it is not allowed to be configured with per-UE concurrent gaps.
Proposal 5: Per-FR gap capable UE is not allowed to be configured with per-UE concurrent gaps.
Overlapping issues
When UE is configured with multiple independent measurement gap pattern, if the SMTC(s) between MOs is fully overlapped or partial overlapped in time domain, e.g. offset difference is 4ms, the independent measurement gap configured for the measurement on these MOs may overlap each other, as shown in figure 1. In legacy measurement requirement, single RF chain is assumed per-UE for per-UE gap capable UE or per-FR for per-FR gap capable UE, hence, UE may perform the measurement on one of the MO and drop the measurement on the other MO. In worst case, MO2 cannot be measured for all the MG#2 occasions. In addition, in order to support the simultaneous measurements on the MOs which are fully overlapped or partial overlapped, the UE should be implemented parallel RF chains per-UE for per-UE gap capable UE or per-FR for per-FR gap capable UE. Thus, it is proposed RAN4 should focus on non-overlapped independent gap in 1st phase, and we can have some further discussion on fully overlapped and partial overlapped independent gap for the UEs supporting parallel RF chains.


Figure 1: Partial overlapped case
Observation 1: UE should be implemented with parallel RF chains to support the simultaneous measurements with independent gaps on the MOs which are fully overlapped or partial overlapped.
Proposal 6: RAN4 is prioritized to work on non-overlapping independent gap in 1st phase.
CSSF parameter is another factor need to be considered due the introduction of independent MG pattern, since the CSSF is to scale the measurement delay requirement for multiple carriers to be measured. Since it is assumed that UE only can measure one target carrier during one measurement gap occasion, thus the value of CSSF is calculated by the number of carriers to be measured with gap or without gap. If the independent measurement gap pattern is introduced, the number of independent measurement gap pattern should be considered when calculating the CSSF with gap. The CSSF with gap should be defined based on the carriers to be measured with the same measurement gap pattern.
Proposal 7: The CSSF with gap should be defined based on the carriers to be measured with the same measurement gap pattern.
2. Conclusion
In this contribution, we further discussed the multiple concurrent and independent measurement gap pattern and provide our proposals as follows.
Proposal 1: The common period of time is the duration in which UE is configured with more than one MGs with considering pre-configured MG.
Proposal 2: UE is allowed to be configured with concurrent MG to perform only non-NR RAT measurements.
Proposal 3: The concurrent gaps shall be associated to the dedicated measurement purpose.
Proposal 4: The maximum number of the independent measurement gap pattern are proposed as follows:
· For per-UE capable UE, the max number of independent MG pattern is 2;
· For per-FR capable UE, 
· the max number of independent MG pattern in FR1 is 2;
· the max number of independent MG pattern in FR2 is 2;
· the max number of independent MG pattern in FR1+ FR2 is 3;
Proposal 5: Per-FR gap capable UE is not allowed to be configured with per-UE concurrent gaps.
Observation 1: UE should be implemented with parallel RF chains to support the simultaneous measurements with independent gaps on the MOs which are fully overlapped or partial overlapped.
Proposal 6: RAN4 is prioritized to work on non-overlapping independent gap in 1st phase.
Proposal 7: The CSSF with gap should be defined based on the carriers to be measured with the same measurement gap pattern.
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