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Introduction
In RAN4#92bis meeting in Chongqing, the WI regarding DC and CS enhancements was discussed further. Some basic principles have already been discussed, and several baseline agreements have been made. In this paper we look further into the early measurements and reporting based on the progress from RAN4#92bis and the WF agree in [2].
Discussion
In RAN4#92 the agreements reached related to MR-DC and early measurements were captured in the WF [2]. One of the main issues to discuss was related to early measurement reporting:
· For NR, 
· Should RAN4 use the concept of UE idle mode measurement capability (total number of carrier) for defining requirements for early measurement reporting?
· Should RAN4 adopt the concept of overlapping and non-overlapping carriers for defining requirements for early measurement reporting?
· For NR, the number of carriers the UE should be able to report early measurements:
· NR inter-frequency carriers
· Use of measurement thresholds to decide when measurements for early reporting should be performed by the UE.
· Impact on mobility measurement performance from measurements for early reporting.
In this contribution we discuss each of these topics.

UE requirements for Early Measurement Reporting (EMR)
For NR idle mode measurement requirements for early reporting RAN4 need to discuss a number of aspects. For euCA the requirement depends on whether the configured carrier is an overlapping or non-overlapping carrier. 
It was also agreed in RAN4 that support of early measurement reporting should not extend the measurement capability defined in Rel-15. I.e. the maximum total number of carriers the UE shall be able to measure stays unchanged even if measurements for early reporting is configured.

In last meeting RAN4 discussed 3 topics which would need more discussion:
· Use of measurement thresholds for measurements for EMR?
· Would the definition of overlapping and non-overlapping carriers be needed?
· Would there be impact on the mobility from performing measurements for EMR
RAN2 has in their discussion noted that the s-Measure thresholds for MR-DC in NR will not be applied for carriers configured for EMR (similar to euCA). This means that carriers configured for EMR will always be measured by the UE independently of serving cell quality and use of s-Measure thresholds. This allows for the network to configure the UE only to perform measurements for EMR under good cell conditions – i.e. closer to the cell center. Similar, this leads to that the UE would still perform measurements for mobility when serving cell conditions are no longer so good (e.g. at cell edge). However, at cell edge (or bad cell conditions) the UE will perform measurements for both mobility and EMR. This is illustrated in figure 1.
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Figure 1 Illustration of current s-measure threshold controlled measurement for mobility and EMR
Distinguishing the carriers configured to be measured between carriers for mobility and carriers for EMR, we look at potential impact UE measurement and mobility performance from EMR measurements. Looking at figure 1 it is observed that when s-Measure is used, the UE will only measure carriers for EMR when serving cell conditions are good. This has the benefit of excluding mobility based measurements. This will reduce the expected measurement time and UE measurement burden. From figure 1 also observe that when the serving cell conditions are less favorable, the UE will perform measurements on all configured carriers – including measurements for mobility and EMR.
Performing measurements on many carriers does obviously increase measurement time which is more critical when serving cell conditions are less good. Additionally, for NR there is the aspect of synchronized system which has restricts when the UE is able to measure neighbors – both intra-frequency and inter-frequency. Assuming intra-frequency is always measured this already increases inter-frequency measurement time with 50% (assuming 50% split of measurement occasions between intra-frequency and inter-frequency). Having multiple inter-frequency carriers increases the inter-frequency measurement delay additionally (scaled linearly with number of carriers). Hence, being able to reduce the number of carriers to monitor when not absolutely necessary can reduce the measurement delay for mobility related measurement and ensure more robust mobility. 
Observation: Reduce the number of carriers to monitor when not absolutely necessary can reduce the measurement delay for mobility related measurement and ensure more robust mobility.
One way to reduce the number of inter-frequency carriers to be measured unnecessarily, would be to not having the UE to measure carriers for EMR when serving cell conditions bad and UE should be focusing measurement time on mobility related measurements. This principle is illustrated in figure 2.
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Figure 2 Illustration of proposed threshold controlled measurement for mobility and EMR
Assuming network has configured s-Measure, the UE will only be required to measure carriers for EMR when serving cell conditions are good (green area). Once the serving cell conditions deteriorate below the s-Measure thresholds the UE is required to measure all inter-frequency carriers – both carriers for mobility and carriers for EMR. Hence, the Ue will measure more carriers under bad conditions, increasing the mobility measurement delay, where the delay in performing mobility measurements would be critical. Enabling UE not to perform measurements for EMR under these conditions (when mobility measurements are critical) would improve the measurement delay related to mobility measurements. 
As one example the UE could be configured with 3 carriers for EMR and 3 carriers for mobility. When serving cell conditions are good (below s-Measure thresholds) the UE would only measure carriers for EMR. Once the serving cell conditions goes worse and below the s-Measure threshold the UE would only be required to measure carriers for mobility. Hence in both conditions the UE would only be required to measure 3 carriers. 
Based on the NR design with synchronized SSB’s we do see bigger impact from UE being required to measure multiple carriers than what we would see in LTE. This impact should be mitigated when possible.
We do see bigger impact from UE being required to measure multiple carriers than what we would see in LTE.
Therefore, we propose to have a threshold defined for carriers for EMR which can be configured by the network and which indicates to the UE when the UE no longer should perform measurement for EMR.
Define a threshold applied for carriers for EMR which can be configured by the network and which indicates to the UE when the UE no longer should perform measurement for EMR
We also propose to change the approach of defining overlapping and non-overlapping carriers used in euCA, and instead define UE measurement requirements for carrier configured for mobility (as currently) and carriers configured for EMR.
Change the approach of defining overlapping and non-overlapping carriers used in euCA.
Define UE measurement requirements for carrier configured for mobility (as currently) and carriers configured for EMR
Carriers configured for both mobility and EMR will apply both thresholds but would in worst case only be measured as an overlapping carrier is measured with the current euCA approach.

Next, we look at the agreement that the UE measurement capability shall not be increased compared to Rel-15. E.g. if the network  configures UE to measure 5 carriers for early reporting the UE can measure 5 less carriers for mobility – keeping the maximum number fixed at e.g. 7. I.e. within the current frame work of idle mode measurements and the measurement capability RAN4 will need to discuss how to balance the measurements between measurements for mobility and measurements for early reporting.
RAN4 to discuss how to balance the measurements between measurements for mobility and measurements for early reporting
Firstly, RAN4 will need to discuss if it is necessary to define the number of carriers the UE shall be able to monitor for idle measurements for EMR. We propose a simpler approach where RAN4 either do not define any specific number or RAN4 defines a fixed number of carriers which can at most be configured to be measured for EMR. And for each carrier configured for EMR one less carrier can be measured for mobility.
RAN4 does not define a limit on carriers that can be configured for EMR.
For each carrier configured for EMR one less carrier can be measured for mobility.
If RAN4 want to define a fixed maximum number carriers that can be configured for EMR, it needs to be considered that NR has to support early reporting for both inter-frequency (NR) for both CA and DC, and inter-RAT (LTE). Hence, it should be possible to configure at least one of each type. This would mean that absolute minimum would be 1 NR carrier and one LTE carrier. Although 1 LTE carrier might be enough, 1 carrier for NR is not enough e.g. for the case in NR with DC and CA. we propose following number of carriers:
If a fixed number of carriers for EMR is to be defined, the UE shall support measurement for early reporting on at least 1 LTE inter-RAT carrier
If a fixed number of carriers for EMR is to be defined, the UE shall support measurements for early reporting on at least 3 NR inter-frequency carriers
and 4 carriers in total which can be any combination.

Conclusion
In RAN4#92bis meeting in Chongqing, the WI regarding DC and CS enhancements was discussed further. Some basic principles have already been discussed, and several baseline agreements have been made. In this paper we look further into the early measurements and reporting based on the progress from RAN4#92bis. A number of proposals are made – in particular we propose a way to balance the UE EMR measurements by on use of threshold:
1. Define a threshold applied for carriers for EMR which can be configured by the network and which indicates to the UE when the UE no longer should perform measurement for EMR
Change the approach of defining overlapping and non-overlapping carriers used in euCA.
Define UE measurement requirements for carrier configured for mobility (as currently) and carriers configured for EMR
RAN4 to discuss how to balance the measurements between measurements for mobility and measurements for early reporting
RAN4 does not define a limit on carriers that can be configured for EMR.
For each carrier configured for EMR one less carrier can be measured for mobility.
If a fixed number of carriers for EMR is to be defined, the UE shall support measurement for early reporting on at least 1 LTE inter-RAT carrier
If a fixed number of carriers for EMR is to be defined, the UE shall support measurements for early reporting on at least 3 NR inter-frequency carriers
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