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1. Introduction
In RAN#99-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 the requirements for concurrent measurement gaps and provide our proposals.
2. Discussion
Applicability and configurations
According to the agreements on applicability of concurrent gaps, the measurement gap can be associated with one or multiple use cases in the following:
· One or more MO(s) for same or different RATs, 
· SSB and/or CSI-RS in each associated NR MO,
· PRS 
For the case with only non-NR RAT measurement objectives, it is FFS whether the concurrent gap applies or not. According to our understanding, in case when UE moves out of NR cell coverage and enters into the LTE cell coverage, it is beneficial to configure the concurrent gap to prioritize the non-NR RAT measurements. In addition, prioritizing the non-NR RAT measurements can also improve the measurement efficiency and flexibility from network perspective, 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 1: UE is allowed to be configured with concurrent MG to perform only non-NR RAT measurements.
In RAN4#99e meeting, it was agreed to introduce the association between the concurrent measurement gaps and the dedicated measurement purpose from gap configuration point of view. In case when association is not provided, it is up to UE implementation to select the appropriate MG to perform the measurements, and the Rel-15/Rel-16 legacy measurement rules for MO and gap can be reused for concurrent gap. 
Proposal 2: In case when association is not provided, it is up to UE implementation to select the appropriate MG to perform the measurements, and the Rel-15/Rel-16 legacy measurement rules and requirements can be reused for concurrent gap.
UE capability related issues
	· Max number of supported concurrent gap:
· When UE doesn’t support per-FR gap, 
· Assume max 2 MGs as a starting point, when defining the requirements (e,g., overlapping, overhead cap, interruption, …)
· Larger number can be considered if RAN4 has extra time in Rel-17.
· UE capability can be discussed later and independently.
· When UE supports per-FR gap, 
· Agreement:
· Allow network to fall back to use per-UE gap
· FFS whether to allow simultaneous configuring per-UE gap and per-FR gap 
· Assume max 2 MGs in an FR as a starting point, when defining the requirements (e,g., overlapping, overhead cap, interruption, …)
· FFS the max number of supported concurrent gaps across all FRs, e.g.,
· Only per-FR gaps are configured
· per-UE gap and per-FR gap are configured simultaneous, if agreed


In RAN4#99e meeting, it was agreed that the maximum number of supported concurrent gap is assumed 2 as a starting point for per-UE capable UE. And for per-FR capable UE, it is assumed maximum 2 concurrent MG in an FR as the starting point, and FFS the maximum number of supported concurrent MG across all FRs. From our perspective, in order to guarantee the mobility performance and the throughput performance, we prefer to have maximum 3 concurrent measurement gap across all FRs.
Proposal 3: For per-FR capable UE, the maximum number of the concurrent measurement gap across all FRs is 3.
Another open issue is whether to allow simultaneous configuring per-UE gap and per-FR gap when UE supports per-FR gap. According to the e-mail discussion in [2], the companies support the hybrid configuration of per-UE gap and per-FR gap is because of concurrent gap used for PRS measurements, however, in our understanding, the difference between per-FR gap and per-UE gap is the RF retuning time from the gap configuration perspective. And according to the existing specification in [3], for per-FR capable UE, network can also configure per-FR gap pattern to perform PRS measurement. Thus, we do not see the benefit to configure simultaneously per-UE gap and per-FR gap for per-FR capable UE.
	If the UE is configured via LPP [34] to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4], in order for the requirements in clauses 9.9.2, 9.9.3, and 9.9.4 to apply, the network must provide
-	a single per-UE measurement gap pattern for concurrent monitoring of all positioning frequency layers and intra-frequency, inter-frequency and/or inter-RAT frequency layers of all frequency ranges, or
-	for measurement gap patterns other than #24 and #25, if UE supports independent measurement gap patterns for different frequency ranges, per-FR measurement gap pattern for the frequency range for concurrent monitoring of all positioning frequency layers and intra-frequency, inter-frequency cells and/or inter-RAT frequency layers in the corresponding frequency range.



Proposal 4: For per-FR gap capable UE, it is not allowed to be configured simultaneously per-UE gap and per-FR gap.
Overlapping issues
In RAN4#98bis meeting, the overlapping scenarios between concurrent gaps was discussed, and the following figure is the WF on the definition of fully overlapped, partial overlapped and fully non-overlapped concurrent gaps captured in [4].
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Figure 1: WF on the definition of fully overlapped, partial overlapped and fully non-overlapped concurrent gaps
For the FO/FPO case, we do not see the benefit and necessity to configure concurrent MG as one gap is fully covered by the other gap, and NW is expected to configure single MG for this case. In addition, the gap sharing between concurrent gaps should be introduced if the FO case is considered. Considering the Rel-15/16 single gap sharing rules, the requirements for FO case would be extremely complicated. Thus, based on above consideration, it is proposed not consider the FO case in 1st phase.
Proposal 5: RAN4 is deprioritized to define requirements for fully-overlapped (FO) and fully-partial overlapped (FPO) concurrent gaps.
When the NW has to configure MG pattern #24 or #25 to perform the PRS measurement and configure MG pattern#0-23 to perform SSB based or CSI-RS based measurement, and if the PRS symbol is partial fully-overlapped or partial partial-overlapped with the SSB symbol or CSI-RS symbol to be measured, UE can be prioritized to measurement one type of reference signal with the corresponding concurrent gap for the colliding measurement occasions. And the gap sharing mechanism can also be considered between the concurrent gaps.
Proposal 6: RAN4 is to define the requirements for partial fully-overlapped (PFO) or partial partial-overlapped (PPO) concurrent gaps.
Proposal 7: Either the priority rules or gap sharing rules is adopted for partial fully-overlapped (PFO) or partial partial-overlapped (PPO) concurrent gaps.
Measurement requirements
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 8: 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 requirements for concurrent measurement gap and provide our proposals as follows.
Proposal 1: UE is allowed to be configured with concurrent MG to perform only non-NR RAT measurements.
Proposal 2: In case when association is not provided, it is up to UE implementation to select the appropriate MG to perform the measurements, and the Rel-15/Rel-16 legacy measurement rules and requirements can be reused for concurrent gap.
Proposal 3: For per-FR capable UE, the maximum number of the concurrent measurement gap across all FRs is 3.
Proposal 4: For per-FR gap capable UE, it is not allowed to be configured simultaneously per-UE gap and per-FR gap.
Proposal 5: RAN4 is deprioritized to define requirements for fully-overlapped (FO) and fully-partial overlapped (FPO) concurrent gaps.
Proposal 6: RAN4 is to define the requirements for partial fully-overlapped (PFO) or partial partial-overlapped (PPO) concurrent gaps.
Proposal 7: Either the priority rules or gap sharing rules is adopted for partial fully-overlapped (PFO) or partial partial-overlapped (PPO) concurrent gaps.
Proposal 8: The CSSF with gap should be defined based on the carriers to be measured with the same measurement gap pattern.
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« Definitions of fully overlapped, partial overlapped and fully non-overlapped concurrent gaps
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« Partially-fully overlapped(PFO): Every gap occasion of one MG is fully covered by gap occasion of another MG with the
different periodicity
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* Partially-partial overlapped(PPO): Every gap occasion of one MG is partially covered by gap occasion of another MG with
the different periodicity
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