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Introduction
In RAN2-105bis the following was considered to be studied further in the discussion of early measurement configuration, as part of the CA DC enhancement WI. 
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.
……
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)


In this contribution, we analyse the different option in configuring early measurements to the UE,  while keeping in mind the agreements we made in RAN2-105bis.  
Discussion
Difference from the LTE euCA design
As stated in [1], NR has additional configuration compared to LTE on the parameters the UE requires in measuring inter-frequencies in NR IDLE and NR INACTIVE states. Consequently the LTE euCA design of just providing additional frequencies (and optionally cells) needs to be re-evaluated from NR perspective.
In NR, in addition to the NR inter-frequency for SSB, the UE can be provided with the below config (out of which the SCS config is mandatory):
	
Frequency and cell list information:
   dl-CarrierFreq                  ARFCN-ValueNR,
   frequencyBandList               MultiFrequencyBandListNR-SIB OPTIONAL, 
   interFreqNeighCellList          InterFreqNeighCellList OPTIONAL,     


SSB measurement usage information:    
   nrofSS-BlocksToAverage          INTEGER (2..maxNrofSS-BlocksToAverage) OPTIONAL
   absThreshSS-BlocksConsolidation ThresholdNR OPTIONAL,     -- Need R
   smtc                            SSB-MTC OPTIONAL,     -- Need R
   ssbSubcarrierSpacing            SubcarrierSpacing,
   ssb-ToMeasure                   SSB-ToMeasure OPTIONAL,     -- Need R
   deriveSSB-IndexFromCell         BOOLEAN,
   ss-RSSI-Measurement             SS-RSSI-Measurement OPTIONAL,

Reselection threshold information which is not useful in this discussion.




Observation 1: SIB4 information has a list of frequencies where each frequency has the SSB measurement related info (which is new to NR), and each frequency can also have a list of cells.
Observation 2: CSI-RS based inter-frequency measurements for IDLE and INACTIVE states are not yet specified in NR, so the initial design of early measurement design can be based on SSB measurement.
Proposal 1: New broadcast message and dedicated message for early measurements has SSB configuration format that is the same as the one in SIB4. 
New broadcast and dedicated message usage

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.
	
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)


Following the agreements in RAN2-105bis that the early measurement configuration can be provided in broadcast signalling and that the configuration principles for these early measurement frequencies are the same as SIB2/4.
Since we have now more than one way to provide the frequencies/cells for early measurement, there can be different configuration options and we analyse how the UE interprets these configurations in figure 1:

	



Figure 1: Early measurement configuration options
We can infer below observations:
Observation 3: At least for the frequencies that are not part of SIB4, the NW should provide the SSB measurement usage configuration in the same way as provided for the SIB4 frequencies.
Observation 4: NW can consider some SIB4 frequencies as the potential candidates for early measurements. In such cases, the SSB measurement usage information is already present in SIB4 and this does not need to be repeated again. Conversely, if the SSB measurement usage information is different in the early measurement configuration compared to the SIB4 configuration, there is additional complexity at the UE to handle different measurement configurations for the same frequencies, which needs to be avoided (based on agreement 7 above).
Proposal 2: The new broadcast signalling contains the complete list of frequencies/cells the UE should use for early measurement reporting. The UE does not consider the frequencies from legacy SIB4 for early measurement configuration.
Proposal 3: If the frequencies from SIB4 as provided as part of the early measurements in either the new broadcast message or in dedicated RRC message, only the information of these frequencies are included in the new message and the UE uses the SSB measurement configuration from the SIB4 for these frequencies.
Proposal 4: In the new broadcast message or the dedicated RRC message, for the frequencies that are not present in SIB4, but are to be used for early measurement, the NW provides the SSB measurement configuration for these new frequencies using the same SIB4 configuration format.  
Some additional observations:
Observation 5: NWs can have some frequencies (for eg., which are not on GSCN) that can be provided in the new broadcast message meant for early measurement. But if we go with the approach of combining frequencies/cells from legacy SIB4 and from the new broadcast message, the NW cannot signal some frequencies that are only meant to be used for re-selection (not to be used as SCells). 
Observation 6: Since the configuration of frequencies (and cell lists) are optional in the dedicated early measurement configuration message provided to the UE while transitioning out of CONNECTED state, and since the UE has access to the broadcast information of frequencies/cells for the serving cell, the UE can take the frequency/cell configuration from the dedicated message if provided, otherwise the UE uses the information from the broadcast signalling.
Proposal 5: If the NW provides frequencies/cells in the RRC dedicated message to the UE while transitioning out of CONNECTED state, the UE uses only this and ignores the frequencies/cells from the new broadcast signalling used for early measurement. 
Conclusion and proposals
Observation 1: SIB4 information has a list of frequencies where each frequency has the SSB measurement related info (which is new to NR), and each frequency can also have a list of cells.
Observation 2: CSI-RS based inter-frequency measurements for IDLE and INACTIVE states are not yet specified in NR, so the initial design of early measurement design can be based on SSB measurement.
Proposal 1: New broadcast message and dedicated message for early measurements has SSB configuration format that is the same as the one in SIB4. 
Observation 3: At least for the frequencies that are not part of SIB4, the NW should provide the SSB measurement usage configuration in the same way as provided for the SIB4 frequencies.
Observation 4: NW can consider some SIB4 frequencies as the potential candidates for early measurements. In such cases, the SSB measurement usage information is already present in SIB4 and this does not need to be repeated again. Conversely, if the SSB measurement usage information is different in the early measurement configuration compared to the SIB4 configuration, there is additional complexity at the UE to handle different measurement configurations for the same frequencies, which needs to be avoided (based on agreement 7 above).
Proposal 2: The new broadcast signalling contains the complete list of frequencies/cells the UE should use for early measurement reporting. The UE does not consider the frequencies from legacy SIB4 for early measurement configuration.
Proposal 3: If the frequencies from SIB4 as provided as part of the early measurements in either the new broadcast message or in dedicated RRC message, only the information of these frequencies are included in the new message and the UE uses the SSB measurement configuration from the SIB4 for these frequencies.
Proposal 4: In the new broadcast message or the dedicated RRC message, for the frequencies that are not present in SIB4, but are to be used for early measurement, the NW provides the SSB measurement configuration for these new frequencies using the same SIB4 configuration format.  
Observation 5: NWs can have some frequencies (for eg., which are not on GSCN) that can be provided in the new broadcast message meant for early measurement. But if we go with the approach of combining frequencies/cells from legacy SIB4 and from the new broadcast message, the NW cannot signal some frequencies that are only meant to be used for re-selection (not to be used as SCells). 
Observation 6: Since the configuration of frequencies (and cell lists) are optional in the dedicated early measurement configuration message provided to the UE while transitioning out of CONNECTED state, and since the UE has access to the broadcast information of frequencies/cells for the serving cell, the UE can take the frequency/cell configuration from the dedicated message if provided, otherwise the UE uses the information from the broadcast signalling.
Proposal 5: If the NW provides frequencies/cells in the RRC dedicated message to the UE while transitioning out of CONNECTED state, the UE uses only this and ignores the frequencies/cells from the new broadcast signalling used for early measurement. 
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