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1. Introduction

Rel-16 WI for CA/DC enhancement was approved in RAN#82, and the latest WID is in [1]. One objective of the WI is to support early measurement reporting for fast MR-DC or CA configuration.

	2. Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode

· The impacts on UE power consumption should be minimized

· The LTE Rel-15 euCA work should be utilized, when applicable


In this paper we will provide our initial views on the RRM requirements for early measurement.
2. Discussion
The motivation for early measurement reporting is to allow network to obtain measurement results for the candidate PSCell and SCell when UE enters CONNECTED state, which would help network to fast setup CA or MR-DC. Compared to traditional procedure for configuring PSCell or SCell, it can save the time for measurement configuration, measurement and measurement reporting. This objective has already been discussed extensively in RAN2. Based on our understanding, the main functionality is quite similar to early measurement introduced for LTE euCA.
2.1. Early measurement in LTE euCA
In Rel-15 LTE WI of euCA, early measurement is supported. The main procedure includes

· Measurement configuration

· This can be done by the network via either RRC Connection Release or SIB. Network will configure a list of frequencies and optionally a list of cells for UE to measure in Idle or Inactive. The reporting configuration is also included. In addition, a timer T331 can be configured RRC Connection Release which is used to limit the time when UE is required to perform early measurement.
· Measurement

· Early measurement is performed only when the target frequency can form a valid CA band combination of the UE with the serving carrier. The measurement requirements in terms of measurement capability, measurement period and measurement accuracy are defined in 36.133, and will be elaborated later. 

· Measurement reporting
· In RRC Connection Setup Complete or Resume Complete message UE indicates the availability of early measurement results. After connection is set up, network can request UE to send measurement results via UE Information Response message.
UE measurement requirements are specified by RAN4, which are different for overlapping and non-overlapping carrier. 
· An overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting and inter-frequency mobility measurements. 
· A non-overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting while not configured for inter-frequency mobility measurements.
For overlapping carrier and when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the measurement requirements for cell reselection apply, i.e. UE performs periodic cell detection and measurement and meets the delay requirements of Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate,E-UTRAN_Inter, as well as accuracy requirements defined in 9.1.3B.2 and 9.1.6B.2. 
For overlapping carrier and when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and for non-overlapping carrier, UE is required to perform at least a single measurement on detected cells at least prior to the  measurement report, and meet the accuracy requirements defined in 9.1.3B.3 and 9.1.6B.3.
Measurement capability in terms of number of carriers is depending on serving cell condition. When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ UE should be able to support early measurement on at least 3 carriers, otherwise 1 carrier. In both cases, at most 1 carrier can be non-overlapping. 
2.2. Early measurement in CA/DC enhancement
Although there are some open issues to be further discussed, we understand the stage 2 design in RAN2 of early measurement in CA/DC enhancement is quite similar to that in LTE euCA. Therefore, the requirements defined for euCA can be used as the baseline for early measurement in CA/DC enhancement. 
Proposal 1: The requirements defined for euCA can be used as the baseline for early measurement in CA/DC enhancement.
On the other hand, there are some new use cases for CA/DC enhancement that may need to be considered when defining the requirements, in particular related to non-overlapping carrier measurement. 
First, both intra-RAT and inter-RAT measurement could be configured. For example, when UE is in NR SA, network may configure both NR carriers for CA or NR-DC, as well as LTE carriers for NE-DC. The measurement capability may need to be enhanced, otherwise if UE is only measuring 1 non-overlapping carrier as in euCA, it may not be able to report measurement results for multiple RATs, which will reduce the flexibility at network to configure CA or DC.
Second, some target carriers may be always non-overlapping carrier. For example, for EN-DC capable UE in LTE SA, an NR carrier can never be configured for mobility measurement, so it can only be non-overlapping carrier. The measurement period may need to be enhanced, since the single measurement as in euCA may lead to outdated measurement results, thus reducing the UE’s potential in benefiting from EN-DC.
Third, UE may be configured to report beam level results. Related RAN2 agreements are copied below. The possible issue with the current euCA requirements is that UE is only required to measure detected cells, i.e. it may not perform cell detection on the non-overlapping carrier. If UE only measures detected SSBs, it will miss the opportunity for identifying a more suitable SSB and the reported SSB may not be the ones with highest RSRP or RSRQ.
	From RAN2#105bis

· For SSB based beam level measurement configurations:

· The UE is required to report the beam with the highest measurement quantity

FFS: Whether additional beams can be reported.

· For both IDLE and INACTIVE early measurements, the UE can be configured with one of the 3 beam reporting types

1)
No beam reporting; 

2)
Only beam identifier 

3)
Both beam identifier and quantity 

FFS: Whether to support CSI-RS based NR early measurements

From RAN2#106

· How the UE applies filtering of beam measurements as part of early measurement reporting is left to UE implementation (Up to RAN4 to specify performance requirements for early measurement reporting)

· The UE can report more than one beam measurement. Network can configure whether it wants to receive more than just the best beam

FFS whether the network can configure max number of beams and a threshold above which beams are reported


From above analysis, the early measurement requirements may need to be enhanced for the new use cases in CA/DC enhancement, but as mentioned in the objective, the impacts on UE power consumption should be minimized.
Proposal 2: Following new use cases should be considered when defining requirements for early measurement in Rel-16 CA/DC enhancement, while impacts on UE power consumption should be minimized.
· both intra-RAT and inter-RAT measurement are configured
· target carrier is always non-overlapping carrier
· UE is configured to report beam level results
3. Conclusions

In this paper we provided our initial views on RRM requirements for early measurement in Rel-16 CA/DC enhancement.

Proposal 1: The requirements defined for euCA can be used as the baseline for early measurement in CA/DC enhancement.
Proposal 2: Following new use cases should be considered when defining requirements for early measurement in Rel-16 CA/DC enhancement, while impacts on UE power consumption should be minimized.
· both intra-RAT and inter-RAT measurement are configured
· target carrier is always non-overlapping carrier
· UE is configured to report beam level results
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