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Introduction
Rel-17 WI for MG enhancement [1] was approved in RAN#89, and one objective of the WI is to enable support of multiple concurrent MGs. Initial discussions on concurrent MGs took place in RAN4#98-e, and the outcomes are captured in the WF [2]. Based on [2] the following issues are to be further discussed:
· Definition of concurrent and independent MGs
· Usage of concurrent MGs 
· Consideration of per-UE and per-FR MG  
· Support of overlapping concurrent MGs
· Overhead of concurrent MGs
· Requirements related to concurrent MGs
In this paper we will provide our views on the above open issues for concurrent MGs.
Discussion
Definition of concurrent and independent MGs
	· 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. 
· FFS definition of independent MG
· Option 1: (configuration perspective) gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different. 
· Option 2: (UE behavior perspective) gaps are considered as independent gaps if they can operate simultaneously without impacting the measurement performance requirements.
· Other option is not precluded
· FFS whether to merge the definition of independent gap and concurrent gap.


In our view, concurrent MG and independent MG should be defined together, i.e. when UE is configured with more than one independent MGs, UE is configured with concurrent MG. We do not see the need to define the common period of time because the configuration of each independent MG is always effective, so one can determine whether UE is configured with concurrent MG or not for any time point based on the configuration.
For independent MG, option 1 is reasonable. Option 2 in our view is for a different issue, and it is identical to two independent MGs being non-overlapping. We will address the overlapping issue in section 2.4. 
Proposal 1: UE is configured with concurrent MG when it is configured with more than one independent MGs. Gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different.
Usage of concurrent MGs 
	· The measurement purposes of concurrent gaps include:
· Different SMTC configurations
· Different RSs, e.g., SSB, CSI-RS, PRS, RSSI 
· Different RATs 
· FFS whether to extend to NCSG or pre-configured MG in the 2nd phase of the WI 
· Other purposes not precluded
· RAN4 to ensure both UE and NW have the same understanding on the usage of each measurement gap. 
· RAN4 shall further discuss on whether to define the framework of configuring gaps dedicated to specific purpose(s).


In our understanding, there are at last two options to allow UE and NW to have same understanding on the usage of each MG
· Option 1: NW configures which MG is to be used for each MO
· Option 2: NW configures the specific purpose for each MG
We see some issues with option 2. For example, with option 2, NW can configured MG1 to be used for SSB measurement and MG2 for CSI-RS measurement. This works fine if SMTC is overlapping with MG1 and CMTC is overlapping with MG2. However, it could happen that there are multiple CSI-RS layers. If CMTC for CSI-RS layer#1 is overlapping with MG2 then UE can measure CSI-RS layer#1 with MG2, but if there is another CSI-RS layer#2 whose CMTC is overlapping with MG1, then UE cannot measure it because MG1 is for SSB measurement.
Option 1 could allow more flexible configuration than option 2, e.g. NW can configure CSI-RS layer#1 to be measured in MG2, and CSI-RS layer#2 in MG1. 
Proposal 2: When UE is configured with concurrent MG, NW configures which MG is to be used for each MO.
Consideration of per-UE and per-FR MG  
	· RAN4 shall further discuss on the relation to per-UE gap and per-FR gap
· Option 1: All concurrent MGs are of the same type (per UE MG or per FR MG).
· Option 2: The parallel MG patterns can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
· Option 3:
· For a Per UE gap capable UE, multiple concurrent and independent MGPs applies per UE.
· For a Per FR gap capable UE, multiple concurrent and independent MGPs applies per FR
· Other option is not precluded
· RAN4 shall further discuss on the max number of concurrent gap for per-UE gap FR1-gap and FR2-gap.
· RAN4 shall further discuss whether a per FR gap and concurrent gap capable UE shall support multiple concurrent gaps on at least one FR.


For UE not capable of per FR MG but capable of concurrent MG, it can be configured with multiple per UE MGs. Considering the impact to throughput loss and UE implementation, we suggest that the maximum number of per UE MGs is 2. 
Proposal 3: UE not capable of per FR MG but capable of concurrent MG can be configured with up to 2 per UE MGs.
For UE capable of per FR MG and capable of concurrent MG, the first issue to discuss is whether it can be configured with a mix of per UE MG and per FR MG. We suggest to not support such configuration. First, this is not supported in Rel-15/16. Based on current MG applicability, a UE cannot be configured with two types of MG at the same time. Second, the use case is still unclear, e.g. NW configures a per UE MG because there are MOs in both FR1 and FR2, but in such a case, it would be more reasonable for NW to configure two per FR MGs since the measurement delay would be shorter with two per FR MGs. 
Assuming same type for concurrent MG, in our view UE capable of per FR MG can be configured with 
· Up to 2 per UE MGs, or 
· Up to 3 per FR MGs
The first case is same as for UE not capable of per FR MG as in Proposal 3. The second case allows one more MG to be configured in either FR1 or FR2. 
Proposal 4: UE capable of per FR MG and capable of concurrent MG can be configured with 
· Up to 2 per UE MGs, or 
· Up to 3 per FR MGs
Support of overlapping concurrent MGs
	· RAN4 to work on at least non-overlapping concurrent gap as a start point. 
· FFS whether to work on partially and fully-overlapped cases.


The most straightforward use case of concurrent MG is to support concurrent measurement for Reference Signals that cannot be covered by a single MG. The question is whether there is clear use case to have overlapping concurrent MG. 
As the MGRP for MGs are all multiple of 20ms, it means if two MGs have one overlapping occasion, the overlapping occasions will occur periodically with the larger MGRP between the two MGs. As such, it may not make much sense to have two MGs overlapping with each other with the same offset, as shown in Figure 1(a). As occasions of one MG is a subset of the other MG, configuring the second MG is enough to measure all the frequency layers.
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Figure 1: Illustration of overlapping MGs
On the other hand, it could happen that the MG offsets for the two MGs are different such that the MGL of the two MGs overlap for some or all MG occasions, but MGL of one MG cannot be fully covered by the other MG, as shown in Figure 1(b). Therefore, it is still meaningful to consider the collision and define requirements for the cases where two MGs overlap with each other. To be specific, MG#1 is considered as partially/fully overlapped with MG#2, if part/all of MG#1 occasions have overlapping MGL with MG#2 occasions.
In occasions where two MGs are overlapped, e.g. the first occasion for both MG#1 and MG#2 in Figure 1(b), it is reasonable that UE only measures for one of the MGs, either MG#1 or MG#2, as otherwise none of the MGs can be completely measured. Similar as requirements for existing collision cases, RAN4 should define the sharing rule for this case, e.g. how much of the overlapping occasions should be used for MG#1 and how much for MG#2. 
Proposal 5: UE is assumed to measure only in MGL of one MG in occasions where two MGs are overlapped. RAN4 to define sharing rules for cases where multiple MGs are partially/fully overlapped.
Overhead of concurrent MGs
	· Overhead for configuring multiple concurrent MG patterns.
· Option 1: RAN4 to specify a cap on aggregate fractional interruption time as applicability condition 
· Option 2: Depends on NW configuration
· Other option is not precluded


We support option 2, as we see whether and how to use concurrent MG is a NW implementation issue. NW is well aware of the aggregate interruption from concurrent MG, and it can evaluate the tradeoff between the needs for measurement and the throughput loss. 
In addition, we do not see how such a cap on aggregate fractional interruption time, if defined, would impact the requirements for concurrent MG, e.g. measurement capability or measurement delay. Therefore, we do not see the need to standardize such a cap.
Proposal 6: No need to specify a cap on aggregate fractional interruption time as applicability condition.
Requirements related to concurrent MGs
	· CSSF
· RAN4 to discuss how to define CSSF for concurrent gaps.
· Other requirements
· FFS: RAN4 to reuse the following existing MG related requirements for concurrent gaps: MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG. 
· Other requirements can be further discussed in future meetings


Assuming the multiple MGs are not overlapped with each other, the MG sharing is only needed among the frequency layers are that measured with the same MG. For example, in Figure 2, F1 and F2 are measured in MG#1, and F3 and F4 are measured in MG#2. As F1 only needs to compete MG with F2 (but not with F3 or F4), CSSF for F1 and F2 should be equal to 2, and for the same reason CSSF for F3 and F4 should also be 2.
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Figure 2: Example of independent CSSF calculation for each MG
Proposal 7: CSSF is calculated independently for each of the multiple concurrent MGs.
Other MG related requirements are defined in clause 9.1.2 of 38.133, including MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG. In our view, all of these requirements can be re-used for each of the multiple concurrent MGs.
Proposal 8: All MG related requirements defined for single MG, including MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG, apply for each of the multiple concurrent MGs.
Conclusions
In this paper we provided our initial views on concurrent MG.
Proposal 1: UE is configured with concurrent MG when it is configured with more than one independent MGs. Gaps are considered as independent gaps if at least one of the configurations in MGL, MGRP, time offset is different.
Proposal 2: When UE is configured with concurrent MG, NW configures which MG is to be used for each MO.
Proposal 3: UE not capable of per FR MG but capable of concurrent MG can be configured with up to 2 per UE MGs.
Proposal 4: UE capable of per FR MG and capable of concurrent MG can be configured with 
· Up to 2 per UE MGs, or 
· Up to 3 per FR MGs
Proposal 5: UE is assumed to measure only in MGL of one MG in occasions where two MGs are overlapped. RAN4 to define sharing rules for cases where multiple MGs are partially/fully overlapped.
Proposal 6: No need to specify a cap on aggregate fractional interruption time as applicability condition.
Proposal 7: CSSF is calculated independently for each of the multiple concurrent MGs.
Proposal 8: All MG related requirements defined for single MG, including MG reference timing, effective MGRP, MG interruption and UE UL behaviour after MG, apply for each of the multiple concurrent MGs.
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(b) overlapping, occasions of MG#2 is not subset of MG#1
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