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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#105bis meeting, some general agreements were made for early measurement configurations. In this contribution, we would like to discuss some open issues on early measurement configurations.
Discussion
1.1. Beam level measurement configurations
For SSB based beam level measurement configurations, we agreed:
	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


If there are several candidate cells for SCell addition or SCG addition, the number of best beams and/or quantities of best beams can be considered by the network. For example, the network may choose a candidate cell, which has more best beams than other candidate cells, as a SCell.
As the UE needs to derive cell level measurement results based on several best beams, no additional overhead is introduced if the UE is required to report several best beams instead of the beam with the highest measurement quantity.
We had agreed that the UE can report without beam info, or only beam identifier, or both beam identifier and quantity. Hence, the network can configure the UE only to report without beam info or only beam identifier, if overhead of early measurement reporting is considered large. Otherwise, the network can configure UE to report both beam identifier and quantity for early measurement report. Therefore, the overhead of early measurement reporting for beam info can be controlled by the network configuration.
Hence, we propose additional beams can be reported for early measurement report. Similar as the configuration for beam info reporting in RRM during RRC connected mode, the network can configure the max number of beam reporting for early measurement report, which can be configured per measurement object.
Proposal 1: The network can configure the max number of beam reporting per measurement object for early measurement report.
1.2. L3 filtering for early measurement
We had agreed the UE can report cell and/or beam quantity for early measurement. However, it is still open whether L3 filtering for early measurement is needed.
For idle/inactive, we had agreed that L3 filtering for cell level measurement results is depended on the UE implementation, same as idle measurement in LTE. During discussion on idle mode measurement in R15 LTE euCA, introducing L3 filtering for idle mode measurement was noted but not agreed. The same principle can be applied for L3 filtering for cell level early measurement results in NR.
Even if additional L3 filtering is configured for cell level measurement results, the network may receive different measurement results with different L3 filters. For example, UE1 may be configured with L3 filter parameters in cell1 via RRCRelease message. UE2 may be configured with another L3 filter parameters in cell2 via RRCRelease message. Then UE1 and UE2 report early measurement results to cell3 with different L3 filter parameters. Cell3 is not aware which L3 filter parameters used by UE1 and UE2. Unless the receiving cell is provided with the L3 filtering configurations for each individual UE, configuring L3 filtering for cell level measurement results of early measurement does not make much sense.
Proposal 2: L3 filtering for cell level early measurement results in NR is depended on UE implementation.
In R15, there is no L3 filtering for beam level measurement results for idle/inactive mode. And it also makes no sense if L3 filtering for beam level measurement results of early measurement is configured by the network. Hence, we propose the principle for cell level early measurement results can be reused to beam level early measurement results.
Proposal 3: L3 filtering for beam level early measurement results in NR is depended on UE implementation.
1.3. SMTC configuration for SSB
In RRCRelease message, SMTC info is introduced for cell re-direction, which is based on timing reference of PCell.
	RedirectedCarrierInfo ::=           CHOICE {
    nr                                  CarrierInfoNR,
    eutra                               RedirectedCarrierInfo-EUTRA,
    ...
}

RedirectedCarrierInfo-EUTRA ::=     SEQUENCE {
    eutraFrequency                          ARFCN-ValueEUTRA,
    cnType                                  ENUMERATED {epc,fiveGC}                                             OPTIONAL    -- Need N
}

CarrierInfoNR ::=                   SEQUENCE {
    carrierFreq                         ARFCN-ValueNR,
    ssbSubcarrierSpacing                SubcarrierSpacing,
    smtc                                SSB-MTC                                                                 OPTIONAL,      -- Need S
    ...
}
--------------------------------- skip irrelevant text--------------------------------
smtc
The SSB periodicity/offset/duration configuration for the redirected SSB frequency. It is based on timing reference of PCell. If the field is absent, the UE uses the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing.



If SMTC info for early measurement is included in RRCRelease message, it is obvious that SMTC info for early measurement is based on timing reference of PCell. However, the UE may move to other cells other than the original PCell. These cells may not synchronize with the original PCell, how the UE determines or obtains the timing reference for SMTC info in early measurement configuration when serving cell changes is not easy.
In addition, a cell can only obtain SMTC configurations of neighbor cells and neighbor cells of these neighbor cells. For example, cell 6 can obtain SMTC configurations of {cell 5, cell3} and SMTC configurations of {cell 2,cell4} (as cell2 is the neighbor cell of cell3, cell4 is the neighbor cell of cell 3 and cell 5). But cell 6 cannot obtain SMTC configuration of cell 1. If cell6 decides to configure early measurement configuration for a UE via RRCRelease message, cell6 may configure a SMTC configuration which leads to the UE to not detect cell1 as no SSB for cell 1 is transmitted in the SMTC configuration. If cell 6 cannot include cell 1 as a candidate valid cell during early measurement while the coverage of cell in NR may be small, validity area for early measurement is very limited.


Figure 1 SMTC configuration of early measurement
Considering that the timing reference for SMTC info in early measurement configuration with RRCRelease message is hard to determine with UE mobility, and it is hard for the network to configure suitable SMTC info for all cells in the validity area for early measurement via RRCRelease message, we propose SMTC info for early measurement configuration is not included in RRCRelease message. Instead, network broadcasts SMTC info for early measurement configuration. The UE combines dedicated info for early measurement report and broadcast info in SI. If no SMTC info is broadcasted for one frequency while the frequency is configured for early measurement in dedicated configuration, the UE will not perform early measurement on the frequency.
Proposal 4: SMTC info for early measurement configuration is not included in RRCRelease message.
Proposal 5: The network broadcasts SMTC info for early measurement configuration per frequency.
Proposal 6: If no SMTC info is broadcasted for one frequency while the frequency is configured for early measurement in dedicated configuration, the UE will not perform early measurement on the frequency.
1.4. CSI-RS configuration
It is FFS whether to support CSI-RS based NR early measurements.
We think it is a corner case that the cell can only be measured with CSI-RS.
CSI-RS configuration is more flexible than SSB configuration. The network configures CSI-RS configuration per cell for RRM in RRC Connected mode. If the network configures CSI-RS configuration for one cell, the network needs to obtain detailed CSI-RS configuration of the cell. In R15, there is no information exchanged between two nodes for CSI-RS measurements. Hence, the network can only configure CSI-RS measurements for neighbour cells within a RAN node with existing mechanism.
Furthermore, early measurement may span several RAN nodes. Cell 2 may only be measured with CSI-RS. However, cell 1 is not the neighbour cell(RAN node) of cell 2. In this case, cell 1 cannot configure CSI-RS configurations of cell 2 as early measurement even CSI-RS measurement is exchanged between RAN nodes.
The scenarios that the network can configure valid CSI-RS measurements for neighbour cells for early measurement reporting are limited. We propose not to consider CSI-RS based NR early measurement in R16.
Proposal 7: CSI-RS based NR early measurement in Rel-16 is not supported.
Conclusion
In this contribution, we discuss some open issues on early measurement configurations, and have the following proposals.
Proposal 1: The network can configure the max number of beam reporting per measurement object for early measurement report.
Proposal 2: L3 filtering for cell level early measurement results in NR is depended on UE implementation.
Proposal 3: L3 filtering for beam level early measurement results in NR is depended on UE implementation.
Proposal 4: SMTC info for early measurement configuration is not included in RRCRelease message.
Proposal 5: The network broadcasts SMTC info for early measurement configuration per frequency.
Proposal 6: If no SMTC info is broadcasted for one frequency while the frequency is configured for early measurement in dedicated configuration, the UE will not perform early measurement on the frequency.
Proposal 7: CSI-RS based NR early measurement in Rel-16 is not supported.
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