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1 Introduction
In RAN2 #98 meeting, it was agreed that MN and SN can both provide measurement configuration to UE independently as following [1].
Agreements:

2: 
If MN and SN both configure a measurement object on the same carrier frequency then the measurement objects need to be configured consistently.

FFS which parts of the object need to be configured the same and which can be allowed to differ.

3
For MCG and SCG, measurements (objects/ID/reportConfigs) can be configured independently by LTE RRC (inter-RAT measurement on NR) and NR RRC (intra-NR measurements on serving and non serving frequencies). (Noting that for the objects will be configured consistently as described by agreement 2)

In RAN2 #99 and RAN2#99bis meeting, the following agreement was reached regarding the measurement configuration [2, 3]. 

	Working assumption is confirmed (UE receives independent measurement configuration from MN and SN. UE does not do any manipulation of parameters in order to make the measurements configurations consistent (i.e. network is responsible to ensure they are consistent if it wants to ensure these are considered as a single measurement layer)


And also in RAN4#84bis meeting, and the following agreements were reached regarding measurement gap and related coordination.

	Measurement gap patterns

· RAN4 considers that measurement gap repetition periods (MGRP) of 20ms, 40ms, 80ms and 160ms should be specified configured by LTE RRC signaling specified in 36.331 and also configured by NR RRC specified in 38.331 

· RAN4 considers that there will be 6 options for measurement gap length (MGL) for NR

· In total, there are therefore 6 potential MGL options x 4 MGRP options=24 gap pattern IDs for NR. 4 of these options are expected to correspond to the already existing LTE gap pattern IDs 0, 1, 2 and 3. Existing LTE Gap patterns nonUniform1, nonUniform2, nonUniform3, nonUniform4 and NCSG pattern IDs 0,1,2, and 3 are not used for NR target cell measurements in Rel-15.

· RAN4 may still discuss, and if agreed, define in 38.133 that only a subset of the 24 gap pattern IDs are applicable for measurements in certain scenarios which would be identified and defined by RAN4.

· Measurement Gap offset should be configurable with granularity based on the maximum slot length of all the UE serving cells which have configured the gap. 

Usage of measurement gaps

· RAN4 has discussed the following use cases for measurement gaps

· Measurement of interfrequency NR cells,

· Measurement of intrafrequency NR cells when the intrafrequency SS burst is not within the UEs active bandwidth part and hence the UE needs to perform RF retuning.

· RAN4 is still discussing if gap or other mechanism is used for

· Intrafrequency measurements within the active BW part on FR2 due possible RX beamforming

· Intrafrequency measurements within the active BW part with a different numerology between data/control and SS block

· In case gaps are used, or in case UE needs gaps for other purposes (e.g. interfrequency measurements), RAN4 assumption is that a single gap pattern as mentioned  in the measurement gap patterns section will be used.

· For monitoring of multiple frequency layers with gaps, RAN4 view is some UE may need per UE gaps to measure in either LTE and/or FR1 and/or FR2 while other UE may be able to measure with independent and potentially different gap patterns (including no gap pattern) for LTE/FR1 and FR2 serving cells (including different MGRP, MGL and offset). 

· In any case that gaps are needed, the UE is not expected to measure SS blocks which are not within the available measurement time in the gap.  

UE capabilities

· For UE capabilities, RAN4’s agreements are

· The capability to concurrently perform intrafrequency measurement on serving cell or neighbor cell and receive PDCCH or PDSCH from the serving cell with a different numerology is a band independent UE capability

· From RAN4 perspective, a capability to indicate whether a UE can support two independent measurement gap configurations for FR1 and FR2 is recommended. RAN4 will work on specifications for independent gap measurement configuration on a best effort basis. 

· needforGaps capability signaling would reduce needed gaps in LTE+NR NSA operation and therefore is beneficial for capable UEs. RAN2 is recommended to evaluate the feasibility of extending the LTE ‘needforGaps’ signaling to include LTE+NR NSA operation_.

Intra/inter gap sharing

· Since gaps are used for both intra and interfrequency measurements, RAN4 view is discussing that the sharing of gaps between intra measurement and inter-measurement may need to be configurable. RAN4 is working on the exact details of intra/inter gap sharing schemes and anticipates the need for a configuration similar to the one used for LTE category M1 measurements in 36.331:

MeasGapSharingConfig field descriptions

measGapSharingScheme

Indicates the measurement gaps sharing scheme for BL UEs in CE mode A and CE mode B, see TS 36.133 [16, Table 8.13.2.1.1.1-2 and Table 8.13.3.1.1.1-3]. Value scheme00 corresponds to “00”, value scheme01 corresponds to “01”, and so on.

RAN4 believe that a maximum of 4 configurable sharing schemes would be suitable.


In this contribution, we discuss the potential measurement gap coordination between MN and SN especially in EN-DC case, and provide our proposals.
2 Discussion
In LTE, per UE measurement gap if required is configured to those UEs when operating on the E‑UTRA band and performing inter-frequency and inter-RAT measurement. During the measurement gap, no UL and DL data transmission is scheduled so that the UE will not experience data loss, but the throughput performance will be impacted. 
And later in LTE DC case, the following principles have been supported in specifications:
	When DC is configured, the following principles are applied:

· The configured set of serving cells includes all the cells from MCG and SCG as for CA;

· The measurement procedure of serving cells belonging to the SeNB shall not be impacted due to RLF of SeNB;

· Common gap for the MeNB and the SeNB is applied;

· There is only a single measurement gap configuration for the UE which is controlled and informed by the MeNB.
· UE determines the starting point of the measurement gap based on the SFN, subframe number and subframe boundaries of the MCG serving cells.


And in NR, since both sub 6GHz and above 6GHz will be used, the cases may be different. Therefore, as mentioned in RAN4 LS, the scenario is indicated as Figure 1.
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Figure 1. Scenario Indicated by RAN4 LS

And based on the scenario, there are two usages mentioned in the LS as follows.

· Usage 1: per UE gap is needed, including UE is operated in LTE and NR FR1 or FR2, in this case, when one leg is configured with measurement gap, the other leg is required to follow the interruption;

· Usage 2: independent and potentially different gap patterns including UE is operating on LTE/FR1 and FR2 serving cells respectively, in this case, when LTE/FR1 is configured with measurement gap, FR2 could continue to transmit/receive data, and vise versa.

Currently for NR, according to RAN2 agreements, MN and SN can configure the measurements (Objects/ID/reportConfigs) to the UE independently to perform the NR measurement, even for the measurement on the same carrier frequency. One measurement is configured by LTE RRC (inter-RAT measurement on NR), while the other measurement is configured by NR RRC (intra-NR measurements on serving and non-serving frequencies). 
However, when we consider the gap coordination in EN-DC, we need to consider at least the above two usages mentioned based on RAN4 LS. 
2.1 Usage 1: per UE gap pattern
Case 1: MN configures SN frequencies as Measurement Objects for the UE

When MN configures the UE to perform the measurement on NR frequencies, MN may have no information about the serving frequency of SN, based on RAN2 agreements that SN can decide by itself to add or delete a SCG Cell, therefore, the measurement gap may only be needed from UE perspective if the configured frequencies at SN are not serving frequencies. If the configured frequencies are serving frequencies, the gap may not be needed. In this case, the MN can decide and provide the measurement gap configuration to the UE based on the coordination results. Thus,

Observation 2: One measurement gap per UE should be configured by MN and gap coordination between MN and SN is needed when MN is performing non-serving SN frequency measurement.
Case 2: SN configures SN frequencies as Measurement Objects for the UE

When SN decides SN change and configuration by itself, SN will configure the UE to perform the measurement on other SN on same or different frequencies. Since per UE gap is needed in Usage 1, the MN will be impacted when SN would like to perform the measurement on non-serving SN frequency, therefore, MN should be informed that the measurement gap is needed in SN side, and thus coordination is needed. In this case, both MN and SN could provide the measurement gap configuration to the UE directly base on the coordination.

Observation 2: One measurement gap per UE could be configured by MN or SN and gap coordination between MN and SN is needed when SN is performing non-serving SN frequency measurement.
Case 3: MN and SN configures SN frequencies as Measurement Objects for the UE respectively
If both MN and SN configure the SN frequencies to be measured, one measurement gap per UE is needed as discussed before. If the measurement gap has been configured by MN, the SN could choose to follow the gap configuration, and no new gap coordination is needed, and vice versa.

Observation 3: One measurement gap per UE could be configured by MN or SN and gap coordination between MN and SN is needed when MN/SN is performing non-serving SN frequency measurement.
Based on the above discussion,

Proposal 1: Measurement gap coordination is required since only per UE measurement gap needs to be configured when MN/SN is performing non-serving SN frequency measurement.
Proposal 2: Measurement gap should be configured by MN at least.
Proposal 3: Measurement gap coordination is triggered before configuration by either MN or SN; or after measurement configuration when the gap is reported as needed.

2.2 Usage 2: independent and potentially different gap patterns
Case 1: MN configures SN frequencies as Measurement Objects for the UE

As mentioned above, if the configured frequencies are serving frequencies, the gap may not be needed, and only if the configured frequencies are not serving frequencies, the measurement gap is needed. However, when MN configures the UE to perform the measurement on NR frequencies, MN may have no information about the serving frequency of SN and measurement configuration of SN, thus, the coordination between MN and SN is still needed. Since the gap pattern could be independently and differently configured, the measurement gap configuration should be decided by SN and provide by MN based on the coordination results. Thus,

Observation 2: Independent measurement gap should be configured by SN and gap coordination between MN and SN is needed when MN is performing non-serving SN frequency measurement..

Case 2: SN configures SN frequencies as Measurement Objects for the UE

Regarding SN configures SN frequencies as Measurement Objects, since SN decides SN change by itself, SN will configure the UE to perform the measurement on other SN on same or different frequencies. Since the gap could be independent from that in MN, thus the MN is not required to be informed about the measurement gap configured in SN side, and thus coordination is not needed. In this case, SN could decide and provide the measurement gap configuration to the UE by itself.

Observation 2: Independent measurement gap should be configured by SN and gap coordination between MN and SN is needed when SN is performing non-serving SN frequency measurement.

Case 3: MN and SN configures SN frequencies as Measurement Objects for the UE respectively
If both MN and SN configure the SN frequencies to be measured, independent gap configuration could be provided from SN, and SN could choose to configure the gap different from the measurement gap configured in MN. 

Observation 3: Independent measurement gap could be configured by SN and gap coordination between MN and SN is needed when MN/SN is performing non-serving SN frequency measurement.
Based on the above discussion,

Proposal 4: Measurement gap coordination is only required when MN would like to perform non-serving SN frequency measurement.

Proposal 5: Measurement gap should be decided by SN.

Proposal 6: Measurement gap coordination is triggered before configuration by MN; or after measurement configuration when the gap is reported as needed.
3 Conclusion
In this contribution, we discuss different cases when measurement gap configuration provided from both MN and SN respectively based on RAN4 LS, and provide our proposals as follows:

For per UE measurement gap configuration usage:

Proposal 1: Measurement gap coordination is required since only per UE measurement gap needs to be configured when MN/SN is performing non-serving SN frequency measurement.

Proposal 2: Measurement gap should be configured by MN at least.

Proposal 3: Measurement gap coordination is triggered before configuration by either MN or SN; or after measurement configuration when the gap is reported as needed.

For independent measurement gap configuration usage:

Proposal 4: Measurement gap coordination is only required when MN would like to perform non-serving SN frequency measurement.

Proposal 5: Measurement gap should be decided by SN.
Proposal 6: Measurement gap coordination is triggered before configuration by MN; or after measurement configuration when the gap is reported as needed. 
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