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Introduction
In RAN4#92 meeting in Ljubljana, the WI regarding DC and CS enhancements was discussed for the first time. Some basic principles were discussed, and several baseline agreements were reached. In this paper we look further into the early measurements and reporting.
Discussion
In RAN4#92 the agreements reached related to MR-DC and early measurements were captured in the WF [1].

Early reporting for Idle and Inactive mode
One of the agreements made in RAN2 and RAN4 is that early measurement reporting is applicable in both Idle mode and Inactive mode. RAN2 has decided that the reporting solution for inactive mode will be similar to the one used for euCA. Hence, in a similar manner as for euCA, the UE shall be able to report idle mode measured carriers after the connection has been resumed.
So far RAN4 has taken the approach that the measurement requirements are similar in Idle mode and Inactive mode. We believe a similar approach should be applied for idle mode measurements for early reporting. We propose to define idle mode measurement requirements and refer to the idle mode requirements for when the same UE requirement are applicable in inactive state.
[bookmark: _Hlk21115322]Idle mode and Inactive mode measurement requirements for early reporting are the same.
Define requirements for early reporting for Idle mode.
Refer to Idle mode requirements for early reporting for the Inactive mode requirements for early reporting.
Such an approach would simplify the specification work and maintenance work and would be aligned with the current approach taken for defining UE requirements for inactive mode.

UE requirements for Early Reporting
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. As RAN2 has decided that for NR, configuration for early measurement reporting is included in a new NR SIB this will make it clear to the UE which carriers are configured for early reporting. This also applies for the dedicated configuration. 
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.
Based on this we do not think there is need for defining overlapping and non-overlapping carrier in NR. Instead RAN4 would need to discuss the impact on UE measurements for mobility from being configured to perform measurements for early reporting – accounting the restriction that the UE measurement capability shall not be increased compared to Rel-15. E.g. if the network can configure UE to measure 5 carriers for early reporting the UE can measure 5 less carriers for mobility. 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
No need to define overlapping and non-overlapping carriers for early reporting in NR.
Firstly, RAN4 will need to define the number of carriers the UE shall be able to monitor for idle measurements for early reporting. In euCA the requirement depends on the serving cell signal thresholds SnonIntraSearchP and SnonIntraSearchQ, and whether the carrier type (overlapping or not). For NR we propose a simpler approach where RAN4 defines a fixed number of carriers which can at most be configured to be measured for early reporting. And for each carrier configured for early reporting one less carrier can be measured for mobility.
As NR has to support early reporting for both inter-frequency (NR) for both CA and DC, and inter-RAT (LTE), 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:
UE shall support measurement for early reporting on at least 1 LTE inter-RAT carrier
UE shall support measurements for early reporting on at least 2 NR inter-frequency carriers
and 3 carriers in total which can be any combination.
One aspect addressed in last meeting was the threshold settings as defined for euCA. Reasoning behind the euCA thresholds usage was minimizing UE LTE implementation impact from euCA. However, for NR the use of thresholds and their use should be discussed.
Looking at e.g. the assumptions for CA – which in most situations assume collocation of the cells aggregated – it is beneficial to have the UE to perform measurements for early reporting when the serving cell RxLevel is reasonably good. On the other hand, it may not be beneficial for CA purposes to perform measurements for early reporting if the serving cell RxLevel is bad. I.e. RAN4 should discuss the measurement thresholds and their usage for early reporting in NR.
RAN4 should discuss the threshold usage for performing measurements for early reporting.

Search Threshold discussion
Currently the euCA thresholds are used such that UE measures more carriers for early reporting when the serving cell signal level is low, while the UE measures less carrier for early reporting when the serving cell level is good. On the other hand, the use of CA is more beneficial and probable when the UE is in good signal conditions of the serving cell. Assuming collocation for cells aggregated for CA, it should be possible for network to configure the UE such that the UE (only) performs measurement on carriers for early reporting when the serving cell (e.g. PCell) signal level is good. Meanwhile, the UE may be configured not to perform measurements on carriers for early reporting when the signal level for the serving cell is less good.
RAN4 to discuss the thresholds used for performing measurements on carriers for early reporting.
When the serving cell signal level is good, the UE should measure carriers for early reporting while when the serving cell signal level is low the UE should instead perform measurements for mobility. However, for DC a similar assumption may not be applicable.
Introduce a serving cell threshold defining that UE would perform early reporting measurements on carriers if the serving cell signal level is better than threshold.

Measurement period and accuracy requirements
Measurement period and accuracy are closely related. Second aspect impacting the accuracy are the side condition under which they apply. Measurement for early reporting will only be defined for SSB based measurements in Rel-16.
Another aspect to consider when discussing measurements – especially in idle and inactive mode – is the impact on the UE power consumption. One can assume, that the more measurements the UE has to perform in idle mode, the more power this will consume on UE side. As Idle and inactive modes are especially designed to enable good UE power saving, care should be taken when defining new measurements for idle and inactive mode. I.e. RAN4 should look closely at current idle and inactive measurement requirements and analyse if they would need to be changed.
Accounting the discussion in former section concerning when e.g. idle mode measurement for early reporting would be most useful in relation to the serving cell signal level, RAN4 should look at the side conditions for the accuracy, if RAN4 agrees to introduce new measurement threshold.
E.g. if the network can limit the UE to perform measurements on carriers for early reporting only when serving cell is in good condition, and assuming collocation for CA, the side conditions for the measurement accuracy could be relaxed from the current.
Such approach could lead to more accurate measurement results from the UE even using less measurement samples. This would benefit both UE in term of power saving, and network in terms of more accurate reporting results.
RAN4 should discuss the SNR side condition for CA measurements.
As mentioned, the measurement assumptions for early reporting for the use for setting up CA and DC might be different. E.g. CA may assume collocation while for DC this may not be necessary.
RAN4 should discuss the use having thresholds per carrier for early measurement reporting.
When discussing the further details related to measurement period and accuracy for early reporting, RAN4 would need to decide on the expected side conditions applied. Once these have been decided RAN4 can look at how to define the actual measurement period and accuracy

Conclusion
In RAN4#92 meeting in Ljubljana, RAN4 discussed DC and CS enhancements for the first time. A number of baseline agreements were reached. In this paper we looked into the further details related to measurements for early reporting. A number of proposals are made:
1. Idle mode and Inactive mode measurement requirements for early reporting are the same.
Define requirements for early reporting for Idle mode.
Refer to Idle mode requirements for early reporting for the Inactive mode requirements for early reporting.
RAN4 to discuss how to balance the measurements between measurements for mobility and measurements for early reporting
No need to define overlapping and non-overlapping carriers for early reporting in NR.
UE shall support measurement for early reporting on at least 1 LTE inter-RAT carrier
UE shall support measurements for early reporting on at least 2 NR inter-frequency carriers
RAN4 should discuss the threshold usage for performing measurements for early reporting.
RAN4 to discuss the thresholds used for performing measurements on carriers for early reporting.
Introduce a serving cell threshold defining that UE would perform early reporting measurements on carriers if the serving cell signal level is better than threshold.
RAN4 should discuss the SNR side condition for CA measurements.
RAN4 should discuss the use having thresholds per carrier for early measurement reporting.
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