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1   Introduction

RAN2 has been discussing measurement coordination between MN and SN for EN-DC and various points have been discussed in relation to consistency in measurement object configuration to UE. However, it is still unclear how measurement gap configuration can enable the UE to perform measurements on frequencies configured by MN and SN.
In this paper, we discuss the issues related to different measurement gap configuration methodologies.

2   Discussion
EN-DC framework allows MN and SN to configure independent measurements to UE. Measurement of some of the frequencies may require UE to stop Tx/Rx operation of one or more active RF chains and perform measurements according to the configured measurement gap. 
In LTE DC, when a measurement gap occurs, Tx/Rx is stopped for both MCG and SCG, this results in a simpler approach as UE does not need to differentiate whether a frequency needs to be measured by RF chain used by MCG or SCG. This approach is simpler because measurement configuration is only provided by MN in LTE DC, however for EN-DC, the situation is more complicated where both MN and SN can configure a UE to measure different frequencies. 
Also, as measurement framework has been significantly modified in NR as compared to LTE (due to flexible SS burst set occasions), there have been discussions in RAN4 whether LTE based measurement gap pattern is sufficient for NR. Although, SS burst set duration of 5ms can be accommodated within a single measurement gap length of LTE (i.e. 6ms), issue arises if SS burst set occasions are non-overlapping in time domain for different frequency carriers. Consider Figure-1 for example, where SS burst set occasions of Frequencies F1 and F2 occur in different time instances. The desired measurement gap length which allows UE to measure both frequencies F1 and F2 becomes longer than 6ms. Such kind of deployment would require changes in measurement gap pattern.
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Figure-1: Measurement Gap Configuration for NR

Observation 1 NR measurement gap may need to be enhanced if SS burst set occasions are non-overlapping in time domain for different frequency carriers.
Based on preliminary analysis, there are three major options possible for configuring measurement gap to UE in EN-DC:

1) Single measurement gap is configured only by LTE MN

2) Single measurement gap is configured only by NR SN

3) Multiple measurement gaps can be configured to UE - one by LTE MN and one by NR SN
In this paper, we try to analyze operational aspects of each of the above options.

If all the NR frequencies have coinciding SS burst set occasions, then any of the above mentioned option can be supported with minimal specification impact, however it imposes extra network deployment restrictions due to synchronization between SS burst set occasions for different carriers. Hence, in this paper we mainly consider the case where each frequency carrier can have its independent SS burst set resource allocation.

Given that EN-DC is based on dual connectivity architecture, where the two serving nodes may or may not be co-located which results in asynchronous Tx/Rx between the two links, it can be fairly assumed that UE would be required to operate with different RF chains for each link. Based on this assumption, we consider four possible measurement configuration scenarios for EN-DC which require gaps for measurements as depicted in Figure-2.
1) Scenario-1: MCG and SCG are supported by different RF chains in UE and
a. MN configured measurement frequencies are not to be measured by SCG RF chain
b. SN configured measurement frequencies are not to be measured by MCG RF chain
2) Scenario-2: MCG and SCG are supported by different RF chains in UE and
a. Subset of MN configured measurement frequencies have to be measured by SCG RF chain
b. SN configured measurement frequencies are not to be measured by MCG RF chain
3) Scenario-3: MCG and SCG are supported by different RF chains in UE and
a. MN configured measurement frequencies are not to be measured by SCG RF chain
b. Subset of SN configured measurement frequencies have to be measured by MCG RF chain
4) Scenario-4: MCG and SCG are supported by different RF chains in UE and
a. Subset of MN configured measurement frequencies have to be measured by SCG RF chain
b. Subset of SN configured measurement frequencies have to be measured by MCG RF chain
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Figure-2: Different scenarios for measurement configuration in EN-DC
It can be figured out that when UE is configured with only one measurement gap (either by MN or SN) then for all deployment scenarios, the node which configures measurement gap to UE is required to have some knowledge about measurements configured by the other node. For instance, for MN configured measurement gap, MN needs to understand the measurement gap pattern to be used so that UE can perform SN configured measurements. This is quite a complicated approach because it may also involve some inter-node signaling between MN and SN, where MN indicates configured measurement gap to SN if SCG transmissions need to be stopped during measurement gap. Note that, it is possible that some of the information can be indicated by UE itself to the node configuring measurement gaps similar to per-CC measurement gap indication, but this requires additional procedural details, for e.g. in what message UE indicates the measurement gap requirement to MN as SN reconfiguration message may or may not arrive along with MN reconfiguration message..
Observation 2 When UE is configured with single measurement gap in EN-DC, node configuring measurement gap to the UE is required to have information about measurement gaps required by UE to perform measurements configured by other node.

Similar issue also exists for the case when both MN and SN can configure measurement gaps. As RF chain used for MCG can be used to perform SN configured measurement frequencies and vice versa, each node is required to understand the measurement gap required to perform measurements configured by other node. However, the situation is simplified for Scenario-1, where MN configured measurement gap is used by UE to only perform MN configured measurements and vice versa.  
Given all the different measurement configuration options and deployment scenarios, we should envisage to provide the simplest mechanism which can be used for measurement gap configuration.
Observation 3 When UE is configured with multiple measurement gaps- one by MN and other by SN, Scenario-1 results in least complex solution for measurement gap configuration.
3   Conclusion
Following observations and proposals are made in this paper:
Observation 1
NR measurement gap may need to be enhanced if SS burst set occasions are non-overlapping in time domain for different frequency carriers.
Observation 2
When UE is configured with single measurement gap in EN-DC, node configuring measurement gap to the UE is required to have information about measurement gaps required by UE to perform measurements configured by other node.
Observation 3
When UE is configured with multiple measurement gaps- one by MN and other by SN, Scenario-1 results in least complex solution for measurement gap configuration.
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