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Introduction
One goal of the LTE_NR_DC_CA_enh WI is to introduce the early reporting feature as defined in LTE into NR. Additional goal is to enable early reporting of NR inter-RAT carriers into the existing LTE measurements for early reporting feature. In this paper we discuss the principles behind such introduction.
Discussion
In last RAN4#92bis meeting [1] provided an initial input on how to capture the new requirements needed to enable configuring a UE and UE measurement requirements related to support of early reporting of NR inter-RAT measurement, when UE is operating in LTE SA. The purpose of configuring the UE to early report of NR inter-RAT would be to enable network to faster configure the UE in EN-DC mode.

[bookmark: _Hlk23855000]Configuration Scenarios
In [1] it was assumed, that support of early reporting of NR inter-RAT measurements would be a simple addition to the Rel-15 defined euCA feature, which enables the UE to send early measurement report a number of LTE inter-frequency carriers.
It was then discussed whether early reporting of NR inter-RAT carriers would necessarily be limited only to UEs which support euCA, ca-IdleModeMeasurements, or would it also be possible to support for UE not supporting ca-IdleModeMeasurements?
Second aspect brought up was whether a UE not supporting Rel-15 ca-IdleModeMeasurements could support early measurement reporting of NR inter-RAT only. Such UE would then not support measurement of LTE inter-frequency carrier for early reporting.
What needs to be clarified are the following options:
· May a UE supporting ca-IdleModeMeasurements also support measurement of NR inter-RAT for early reporting.
· May a UE not supporting ca-IdleModeMeasurements support measurement of NR inter-RAT for early reporting.
For both scenario it is assumed that the UE under discussion is a UE capable of EN-DC, while a UE capable of existing ca-IdleModeMeasurements might not support EN-DC.
Such discussion is partly related to UE capability discussion which may not be within RAN4 scope. 

UE supporting ca-IdleModeMeasurements and measurement of NR inter-RAT
One option is that a UE supporting ca-IdleModeMeasurements and EN-DC would also support measurements on one or more NR inter-RAT carriers for early reporting. Such measurements should be done in addition to the current CA measurements already defined for early reporting.
For this case there are two options:
1. A UE supporting ca-IdleModeMeasurements (optional) and support EN-DC (optional) shall support early measurements and reporting of NR inter-RAT cells.
2. A UE supporting ca-IdleModeMeasurements (optional) and support EN-DC (optional) may optionally support early measurements and reporting of NR inter-RAT cells.
From a network and system perspective option 1 is the best. Additionally, as the EN-DC capable UE is already capable of performing NR inter-RAT measurements while in idle mode in LTE SA, the added complexity should be low.
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UE not supporting ca-IdleModeMeasurements but support  measurement of NR inter-RAT
Second option is whether a UE which support EN-DC but does not support ca-IdleModeMeasurements would support NR inter-RAT measurements for early reporting. In this situation there exist at least following options:
1. A UE supporting EN-DC (optional) shall support measurements of NR-inter-RAT for early reporting.
2. A UE supporting EN-DC (optional) may support measurements of NR-inter-RAT for early reporting (optional).
Also, in this case it would be best from network and system complexity point of view to have option 1. However, there would likely be a need to indicate something to network as Rel-15 EN-DC capable UE’s would likely not support NR inter-RAT measurements for early reporting.
 A UE supporting EN-DC (optional) shall support measurements of NR-inter-RAT for early reporting.

Number of NR Inter-RAT carriers
Another aspect to discuss is the number of NR inter-RAT carriers the UE supporting NR inter-RAT measurements for early reporting should be able to measure as minimum.
Hence, for the UE which do support early measurement reporting (EMR) of NR inter-RAT carrier, RAN4 need to discuss the number of carriers for two cases (at least until aspects discussed in the former sections are clarified):
1. UE support EMR of NR inter-RAT carriers in addition to ca-IdleModeMeasurements.
2. UE only support EMR of NR inter-RAT carriers.

EMR of NR Inter-RAT and LTE carriers
For option1, this means that the UE supporting ca-IdleModeMeasurements and EN-DC should support both LTE inter-frequency and NR inter-RAT measurements in idle mode for EMR. Hence, for this case additional measurement requirements are added (NR inter-RAT measurements).
The principle should be that the requirements already defined for ca-IdleModeMeasurements should remain unchanged. The UE should then additionally support NR inter-RAT measurements on a number of NR carriers. 
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For a UE supporting EMR of NR inter-RAT carriers in addition to ca-IdleModeMeasurements shall support NR inter-RAT measurements on a number of NR carriers in addition to existing inter-frequency carriers as defined under ca-IdleModeMeasurements.

EMR of NR inter-RAT carriers only
For option2 where the UE only support EMR of NR inter-RAT carriers would mean that the UE would not need to LTE inter-frequency carriers for EMR. I.e. in this case RAN4 only need to discuss the number of NR inter-RAT carriers the UE at least should be able to measure for EMR.
For a UE supporting EMR of NR inter-RAT carriers the UE shall support NR inter-RAT measurements on a number of NR carriers.

Number of carriers
The simplest approach will of course be to define that the UE should be able measure the same number of NR inter-RAT carriers for EMR in both options discussed above. 
One way to achieve this would be to define a maximum number of carriers to be measured for EMR while not defining the explicit number of inter-frequency or inter-RAT carriers. For example, the UE is able to measure at least X carriers for EMR and it is up to network configuration to distribute this between LTE and NR carriers.
Another way is to explicitly define the number of NR inter-RAT carriers for the two options.
A UE supporting NR inter-RAT EMR shall be able to measure at least 3 NR carriers.

Detected Cell Status
Another important aspect to discuss is the requirement for the detected cell status for EMR when the UE transitions from RRC Connected mode to Idle or Inactive mode and after UE has entered Idle/Inactive mode. 
The existing requirements under ca-IdleModeMeasurements as baseline, defines requirements for the detected cell status for the idle mode CA measurement when UE transitions from RRC Connected mode to Idle mode and after UE has entered Idle mode in 36.133 section 4.9.2.1.
We believe it is important to keep the same principles for NR inter-RAT EMR. Namely that given certain conditions the NR cell, which is a detected cell in Connected mode prior to connection release, shall remain detected after UE enters Idle/Inactive mode and during Idle/Inactive mode. Keeping this principle is important to ensure reasonable measurement delay for EMR.
An NR inter-RAT cell which is a detected cell in Connected mode prior to connection release, shall remain detected after UE has entered Idle/Inactive mode.
A CR capturing the basic principles of the proposals is provided in [1].

Additional Considerations
While the LTE inter-frequency measurements to performed and reported are clear (already defined), the NR inter-RAT measurements are not yet defined. A number of baseline assumptions can be made:
1) NR inter-RAT measurements for early reporting only rely on SSB based measurements.
2) UE can be configured to report with and without Index.
3) Beam related relaxations need to be accounted.
Requirements, and whether they differ based on UE measurement capability, should also be discussed further in RAN4.

Conclusion
One goal of the LTE_NR_DC_CA_enh WI is to introduce the early reporting feature as defined in LTE into NR. This includes enabling early reporting of NR inter-RAT carriers in LTE measurements for early reporting feature. In this paper we have discussed the principles such introduction could be done.
1. A UE supporting ca-IdleModeMeasurements (optional) and support EN-DC (optional) shall support early measurements and reporting of NR inter-RAT cells.
A UE supporting EN-DC (optional) shall support measurements of NR-inter-RAT for early reporting.
For a UE supporting EMR of NR inter-RAT carriers in addition to ca-IdleModeMeasurements existing number of LTE carriers as defined under ca-IdleModeMeasurements are kept unchanged.
For a UE supporting EMR of NR inter-RAT carriers in addition to ca-IdleModeMeasurements shall support NR inter-RAT measurements on a number of NR carriers in addition to existing inter-frequency carriers as defined under ca-IdleModeMeasurements.
For a UE supporting EMR of NR inter-RAT carriers the UE shall support NR inter-RAT measurements on a number of NR carriers.
A UE supporting NR inter-RAT EMR shall be able to measure at least 3 NR carriers.
An NR inter-RAT cell which is a detected cell in Connected mode prior to connection release, shall remain detected after UE has entered Idle/Inactive mode.
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