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1 Introduction

In [1], RAN4 received an LS from RAN2 with the agreements below and asking for a feedback.

· For early measurement reporting, RAN2 has made the following agreements:

· Rel-16 early measurement configuration may contain both NR and LTE configurations, only NR configuration or only LTE configuration to support various MR-DC and CA scenarios. RAN2 also agreed that early measurement configuration for IDLE mode and INACTIVE mode will be separately discussed.

· NR early measurement configuration should include NR specific measurement parameters configurations.

· Available beam and cell level measurement results can also be included in early measurement reporting, if configured.

RAN2 will further discuss the detailed signalling for early measurement configuration and reporting and will inform RAN4 about RAN2 progress, if any.
· For fast cell activation, RAN2 agreed that:
· The configured SCells (MCG and SCG) can be configured in deactivated or activated state by RRC upon addition or after a handover. RAN2 will further discuss if this applies to resume or not. The timing requirements for activation/de-activation are up to RAN4 discussion.  
We further note that on fast cell activation, another LS was received later in [2], which we therefore propose to discuss separately. In this contribution, we analyze the agreements related to early measurement reporting and indicate the potential requirements RAN4 needs to specify.
2 RAN2 agreements on early measurements reporting
One of the objectives of the WI on multi-RAT DC and CA enhancements [3] is on how to reduce the delay until the setup of DC and/or CA through early measurements:

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

…

At least scenarios with small cells should be considered, along with scenarios with large amounts of available cell bandwidth. Both FR1 and FR2 frequencies should be considered. The mechanisms already specified for LTE should be used as baseline for the work.

Below is the summary of RAN2 agreements on early measurement reporting.

Agreements from RAN2#105:

Agreements:

For IDLE/INACTIVE

1 Rel-16 early measurement configuration may contain both NR and LTE configuration, only NR configuration or only LTE configuration, to support various MR-DC and CA scenario. FFS on details.  IDLE mode and INACTIVE mode details will be discussed separately

2 NR early measurement configuration should include NR specific measurement parameters configurations.
3 Available beam and cell level measurement results can be included in early measurement reporting if configured.  
Agreements from RAN2#105bis:
Agreements

1:
NR early measurements can be configured in both NR RRCRelease message and NR system information. 

FFS: Whether there are differences in the configuration that can be provided by RRCRelease and SI.

2:
Introduce some indication about the cell's early measurement support in NR system information.

3: 
To control the duration of UE performing both IDLE and INACTIVE measurements, a single validity timer (similar to measIdleDuration in LTE euCA) is mandatory indicated only in NR RRCRelease message, i.e. not included in NR SIB.

4:
For both IDLE and INACTIVE early measurements, the following IEs can be optionally configured per NR frequency in both NR RRCRelease message and NR SIB:

-
A list of frequencies and optionally cells (similar to measCellList in LTE euCA) the UE is required to perform early measurements. 

-
A cell quality threshold (similar to qualityThreshold in LTE euCA) the UE is required to report the measurement results only for the cells which met the configured thresholds.

FFS: A validity Area (similar to validityArea in LTE euCA) to indicate the list of cells within which UE is required to perform early measurements. If the UE reselects to a cell outside this list, the early measurements are no longer required (same as timer expiry).


o
If it is absent, the UE will not have area limitation of early measurements. 

For SSB based measurements:

5:
For both IDLE and INACTIVE early measurements, SSB frequencies to be measured can be located out of sync raster

6: 
For both IDLE and INACTIVE early measurements, RSRP and RSRQ can be configured as cell and beam measurement quantity. 

7: 
For both IDLE and INACTIVE early measurements, the configuration parameters provided per SSB frequency follow the same principles as those provided in SIB2/4 for the purposes of Idle/Inactive mobility. (Details differences can be discussed at stage 3 level)

8: 
As LTE euCA, cell / beam SINR is not introduced as measurement quantity in NR early measurement configuration in Rel-16.

For SSB based beam level measurement configurations:

9
The UE is required to report the beam with the highest measurement quantity

FFS: Whether additional beams can be reported.

10: 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

11: LTE UE in IDLE mode, IDLE with suspended, and INACTIVE can be configured with NR early measurements to support fast setup of (NG)EN-DC (i.e. euCA is extended to support NR measurements). Details are FFS

Agreements from RAN2#106:

Agreements

1:
RAN2 confirms that for both LTE and NR, sending cell RSRP/RSRQ of idle mode measurements before security activation shall not be allowed.

2:
RAN2 confirms that for both LTE and NR, sending cell PCI(s) with good quality and associated frequency of idle mode measurements before security activation shall not be allowed.

Agreement

1
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)

2
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

Agreements

1
The early measurement configuration can be different between that in RRCRelease and in SIB. If the UE receives the early measurement configuration from RRCRelease, this overrides the early measurement configuration provided in SIB (if any).

FFS: Whether some other measurement related configuration in SI (e.g. smtc) outside of the early measurement configuration can still be used.

2
A single early measurement configuration is provided in SI for idle and inactive

FFS: Whether the early measurement configuration can be kept when the UE receives the Release (to Inactive to Idle) in response to Resume Request.

3
L3 filtering is not applied to early measurement reporting

4
The UE performs the idle measurement for the frequencies in configured frequency list only when the UE support CA or MR-DC between the frequency and the serving frequency.

FFS Whether the network can provide information on support of CA/DC between frequencies to assist the UE to determine which frequencies to provide measurement for.

6
If UE reselects to a cell that does not support early measurements (as indicated by absence of an indicator in SI), the validity timer keeps running, but the UE is not required to performs measurements while camped on that cell (same as LTE euCA)

3 Discussion
According to the WI objective, RAN4 needs to specify requirements for NR intra-frequency, NR inter-frequency, and inter-RAT early measurements (E-UTRAN-NR to support fast set up of EN-DC) for UE in RRC_IDLE and RRC_INACTIVE states, for FR1 and FR2. This will impact both TS 36.133 and TS 38.133 specifications. 
· Observation 1: The following sets of requirements for early measurement reporting are needed by specification:
· TS 36.133: 
· FR1 inter-RAT NR (E-UTRAN-NR) in RRC_IDLE and RRC_INACTIVE
· FR2 inter-RAT NR (E-UTRAN-NR) in RRC_IDLE and RRC_INACTIVE
· TS 38.133: 
· FR1 intra-frequency NR in RRC_IDLE and RRC_INACTIVE
· FR2 intra-frequency NR in RRC_IDLE and RRC_INACTIVE

· FR1 inter-frequency NR in RRC_IDLE and RRC_INACTIVE
· FR2 inter-frequency NR in RRC_IDLE and RRC_INACTIVE

For performing early measurements, the UE is configured with carrier frequencies and optionally with a list of cells. Hence the requirements need to be applicable at least for the case when the UE is not provided with the cell list. Furthermore, RAN4 needs to discuss the related UE measurement capability in terms of the number of carriers, number of cells, and number of beams.
· Observation 2: RAN4 needs to specify requirements at least for the case when the cell list is not provided.

· Observation 3: RAN4 needs to discuss UE measurement capability (number of carriers, cells, and beams).
The measurements are to be based at least on SSBs. Whether CSI-RS based measurements are supported for RRC_IDLE and RRC_INACTIVE is FFS in RAN2. 
· Observation 4: RAN4 needs to develop requirements at least for SSB based early measurements.
According to RAN2 agreements, only RSRP and RSRQ early measurements are supported in Rel-16 NR.
· Observation 5: The supported measurement quantities for early measurements are RSRP and RSRQ. 
According to RAN2 agreements the UE in RRC_IDLE or RRC_INACTIVE may or may not be configured with beam reporting, and if it is then the UE may be configured to report one or more best beams identifier and may also be configured to report the corresponding measurement quantity.
· Observation 6: The following beam reporting configurations are supported for early measurements: no beam reporting, only beam identifier, and both beam identifier and quantity. UE can report more than one beams.
There are currently no accuracy requirements in NR for UE measurements in RRC_IDLE or RRC_INACTIVE states, so RAN4 needs to discuss whether the existing accuracy requirements apply (note that RAN2 is assuming “good quality measurements”).

· Observation 7: RAN4 needs to discuss and specify the accuracy requirements applicable for early measurements.
4 Summary

The following have been observed in this contribution:
· Observation 1: The following sets of requirements for early measurement reporting are needed by specification:

· TS 36.133: 

· FR1 inter-RAT NR (E-UTRAN-NR) in RRC_IDLE and RRC_INACTIVE
· FR2 inter-RAT NR (E-UTRAN-NR) in RRC_IDLE and RRC_INACTIVE
· TS 38.133: 

· FR1 intra-frequency NR in RRC_IDLE and RRC_INACTIVE
· FR2 intra-frequency NR in RRC_IDLE and RRC_INACTIVE

· FR1 inter-frequency NR in RRC_IDLE and RRC_INACTIVE
· FR2 inter-frequency NR in RRC_IDLE and RRC_INACTIVE

· Observation 2: RAN4 needs to specify requirements at least for the case when the cell list is not provided.

· Observation 3: RAN4 needs to discuss UE measurement capability (number of carriers, cells, and beams).

· Observation 4: RAN4 needs to develop requirements at least for SSB based early measurements.
· Observation 5: The supported measurement quantities for early measurements are RSRP and RSRQ. 

· Observation 6: The following beam reporting configurations are supported for early measurements: no beam reporting, only beam identifier, and both beam identifier and quantity. UE can report more than one beams.

· Observation 7: RAN4 needs to discuss and specify the accuracy requirements applicable for early measurements.
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