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1	Introduction
For NR SA and EN-DC scenario, the MG sharing was design to coordinate MG resource allocation between intra-frequency MOs and other MOs. In RAN4 #88 meeting, however, many prefer to further improve the MG sharing mechanism to prioritize some measurements to others depending on different UE connectivity mode due to the diverse importance of measurement objects. One WF [1] was agreed in RAN4 #88 for further study on the gap sharing mechanism which can be applied to NE-DC and FR1-FR2 NR-DC scenarios.
In this contribution, we would like to discuss on the gap sharing mechanism in NR-DC scenario.
2 Measurement gap sharing
As shown in some previous contributions, for a certain UE connectivity mode, the importance of different measurement types may differ. Accordingly, gap sharing mechanism should embody this difference in some ways, as the privileged gap for RSTD measurement in current spec. Therefore, which two groups the measurement gap share between shall be determined based on the characteristics of the case. In NR SA case, the signaling separates the intra-frequency measurements from other measurements, achieving a better performance of intra-frequency measurements.
In FR1-FR2 NR-DC case, NR intra-frequency measurements corresponding to serving carrier(s) of MCG (FR1) obviously overweigh the intra-frequency measurements corresponding to serving carrier(s) of SCG (FR2) since a very straightforward reason, i.e. mobility benefits. Therefore the gap sharing mechanism is expected to secure better measurement performance of intra-frequency carrier(s) in FR1.
Yet expecting this, there are some other angles to consider grouping method of the two groups. In RAN4 #87 meeting, RAN4 decided to introduce measurement gap sharing factor and send the LS to RAN2 to ask introducing the corresponding signaling. RAN2 introduced the corresponding IE for measurement gap sharing scheme, and left the detailed definition of each index to RAN4 decision. In current RAN2 spec [2], the signaling regarding to gap sharing is defined as follows.
	–	MeasGapSharingConfig
The IE MeasGapSharingConfig specifies the measurement gap sharing scheme and controls setup/ release of measurement gap sharing.
MeasGapSharingConfig information element
-- ASN1START
-- TAG-MEAS-GAP-SHARING-CONFIG-START

MeasGapSharingConfig ::=        SEQUENCE {
    gapSharingFR2                   SetupRelease { MeasGapSharingScheme }       OPTIONAL,   -- Need M
    ...,
    [[
    gapSharingFR1                   SetupRelease { MeasGapSharingScheme }       OPTIONAL,   --Need M
    gapSharingUE                    SetupRelease { MeasGapSharingScheme }       OPTIONAL    --Need M
    ]]

}

MeasGapSharingScheme::=         ENUMERATED {scheme00, scheme01, scheme10, scheme11}

-- TAG-MEAS-GAP-SHARING-CONFIG-STOP
-- ASN1STOP


From the definition, it is found that UE may behave accordingly as the type of measurement gap changes when gap sharing, since from RAN2 perspective gapSharingUE and gapSharingFR are separated IEs. In the other words, two types of measurement gap configured should be taken into consideration when discussing the gap sharing mechanism.
And it is noted that for per-FR gap, per-FR1 gap and per-FR2 is separated IEs as well, indicating the gap sharing proportion for FR1 MOs and FR2 MOs can be different. However, if the gap sharing mechanism for NR SA is reused for NR-DC case, the intra-frequency measurements in both FR1 and FR2 will share the same gap sharing ratio when per-UE gap is configured, and will result in different consequence between per-UE gap and per-FR gap UE configured.
· Per-FR gap configured: If the UE is capable of and configured for per-FR gap, UE could prioritize the intra-frequency measurements in FR1 when FR1 gap is configured and the intra-frequency measurements in FR2 when FR2 gap is configured. In this case, current gap sharing scheme is feasible in some sense.
· Per-UE gap configured: If the UE is configured for per-UE gap, UE would prioritize the intra-frequency measurements in both FR1 and FR2. However, the importance of intra-frequency measurements in FR2 is much less than that in FR1. In this case, intra-frequency measurement in FR2 may account for a part of measurement occasions for “intra-frequency” measurement, which leads to a deterioration to the performance of intra-frequency measurement in FR1 (MCG), the one network should pay more attention to. 
Thus, considering the more importance of FR1 intra-frequency measurement (measurement in MCG), and to achieve the same effect as per-FR gap in case of per-UE gap, intra-frequency measurement on FR1 should be regarded as one independent group in per-UE gap, differentiating from intra-frequency measurement on FR2.

Observation 1: In FR1-FR2 NR-DC case, considering both mobility benefit and consistency of two types of measurement gap, gap sharing mechanism should secure a better performance of intra-frequency measurement on FR1 (MCG), which should be separated from intra-frequency measurement on FR2, if per-UE gap is configured.

If FR1 intra-frequency measurement is divided into a group, is there any impact on FR2 measurement performance? May it cause a delayed FR2 cell change? This is another problem to be considered. From the current spec, the measurement performance is finally decided by the coefficient CSSFwithin_gap, which is defined as below (SA case [3]):
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The carrier specific scaling factor CSSFwithin_gap,i is given by:
If measGapSharingScheme is equal sharing, CSSFwithin_gap,i= max(ceil(Ri×Mtot,i,j)), where j=0…(160/MGRP)-1
If measGapSharingScheme is not equal sharing and
-	measurement object i is an intrafrequency measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kintra×Mintra,i,j) in gaps where Minter,i,j≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Mintra,i,j) in gaps where Minter,i,j=0, where j=0…(160/MGRP)-1
-	measurement object i is an interfrequency or interRAT measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kinter×Minter,i,j) in gaps where Mintra,i,j ≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Minter,i,j) in gaps where Mintra,i,j=0, where j=0…(160/MGRP)-1


[bookmark: OLE_LINK48]From the formula, the CSSFwithin_gap actually depends on two factors: one is the gap sharing scaling factor K, another is the number of candidates to be measured M. The final coefficient is proportional to the product of K and M. Not only K, the grouping method of gap sharing mechanism also has influence on the value of M. That is to say, categorizing the FR1 and FR2 intra-frequency measurement into the same group in fact might simultaneously degrade their measurement performance since M for the group become larger; and separating FR1 from FR2 intra-frequency measurement do not necessarily cause a delayed FR2 cell change since M for this group may be comparatively small, in light of normally much less MOs on inter-frequency carriers.

[bookmark: OLE_LINK47]Observation 2: CCSF is proportional to the product of K and M. Therefore, gap sharing mechanism that separating intra-frequency measurement on FR1 from that on FR2 do not necessarily cause delayed measurement report for FR2; rather, it may bring benefits to the performance of both FR1 and FR2 intra-frequency measurements.

Besides, many other aspects also need to be taken into consideration when deciding measurement gap sharing mechanism. From the UE complexity perspective, does this grouping method introduce more complexity into UE implementation? Though different grouping methods lead to different M, but as long as FR2 is supported by UE, the number of MO for each FR is informed by UE already. Thus, at current stage, gap sharing mechanism that separating intra-frequency measurement on FR1 from that on FR2 does not introduce any extra UE complexity, but only change the computing method of M (the number of candidates to be measured).

Observation 3: From UE implementation’s perspective, no additional complexity is introduced according to current spec if the gap sharing mechanism separates intra-frequency measurement on FR1 from that on FR2 in NR-DC case.

[bookmark: _GoBack]To conclude, In the case of FR1-FR2 NR-DC, the measurement gap should be shared between intra-frequency measurement on FR1 and other measurement types when per-UE gap is configured. The intra-frequency measurement on FR2 should be separated from that on FR1, in order to adjust and derive a proper CCSF for both sides. Accordingly, the signaling measGapSharingConfig should indicate the proportion of measurement gap occasions for FR1 intra-frequency measurement. 

[bookmark: OLE_LINK6]Proposal 1: In case of FR1-FR2 NR-DC, except equal splitting, gap sharing mechanism should share the measurement gap between intra-frequency measurement on FR1 and other measurement types if per-UE gap is configured, for mobility benefits and better measurement performance.

3 Conclusion
In this paper, we analyze the measurement gap mechanism in FR1-FR2 NR-DC scenario, clearly showing that the measurement gap should be shared between intra-frequency measurement on FR1 and other measurement types if per-UE gap is configured. 
Observation 1: In FR1-FR2 NR-DC case, considering both mobility benefit and consistency of two types of measurement gap, gap sharing mechanism should secure a better performance of intra-frequency measurement on FR1 (MCG), which should be separated from intra-frequency measurement on FR2, if per-UE gap is configured.
Observation 2: CCSF is proportional to the product of K and M. Therefore, gap sharing mechanism that separating intra-frequency measurement on FR1 from that on FR2 do not necessarily cause delayed measurement report for FR2; rather, it may bring benefits to the performance of both FR1 and FR2 intra-frequency measurements.
Observation 3: From UE implementation’s perspective, no additional complexity is introduced according to current spec if the gap sharing mechanism separates intra-frequency measurement on FR1 from that on FR2 in NR-DC case.
Proposal 1: In case of FR1-FR2 NR-DC, except equal splitting, gap sharing mechanism should share the measurement gap between intra-frequency measurement on FR1 and other measurement types if per-UE gap is configured, for mobility benefits and measurement performance. 
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