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1. Introduction
For early measurement report in CA/DC enhancement, RAN2 agreed that:

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.
2. NR early measurements can be configured in both NR RRCRelease message and NR system information.
In this paper, we focus on UE behavior after reception of early measurement configuration and early measurement results reporting.
2. Discussion 

RAN2 agreed that LTE will extend the frequency list configuration to include the NR frequency in order to support the EN-DC case. However, if the LTE support EN-DC, it is desirable for the UE to measurement the NR frequency list, otherwise it mean nothing.
Proposal 1: only when the upperLayerIndication is set true in the LTE cell, the UE perform the NR frequency measurement according to idle measurement configuration. 

The early measurement reporting focuses on the LTE CA, (NG) EN-DC in LTE side and NR CA, NE-DC, NR-NR DC in NR side. The early measurement configuration can include only E-UTRAN frequency list or only NR frequency list or E-UTRAN frequency list and NR frequency list. If the UE perform cell reselection to a RAT not belonging LTE and NR, it is obvious that the UE should stop T331. If the early measurement configuration include only E-UTRAN frequency list or only NR frequency list, then the UE perform cell reselection to NR or LTE, it is not clear if the T331 should stop. For our understanding, the CA is always be concerned in LTE or NR. So the same RAT frequency list should be always configured. E.g. the UE obtain the early measurement configuration in NR cell, the NR frequency list should be always configured.

Proposal 2: when the UE perform cell reselection to a RAT and early measurement configuration does not include this RAT frequency list, stop T331.
When the UE receive the RRCRelease message including the early measurement configuration, the UE will also receive the SIB2/4 or new SIB to get the whole measurement configuration. If the broadcasting status of the SIB2/4 or new SIB is “not broadcasting” the UE will initial the RACH procedure for SI request after leaving RRC_CONNECTED state immediately. There are 2 options to solve the issue.

Option 1: the network will ensure the SIB2/4 or new SIB status is broadcasting.
Option 2: the network will indicates the target cell PCI and frequency which the UE will camp on after leaving RRC_CONNECTED state. The cell identified by the configured PCI and frequency will broadcast the early measurement configuration.

Proposal 3: the network will ensure the SIB2/4 or new SIB status is broadcasting after releasing UE.

In RAN2#105bis meeting, RAN2 agreed the early measurement reporting can be sent in RRCResumeComplete for RRC_INACTIVE UE. In fact, the network does not know if the UE has early measurement results or not. If the UL Grant for the RRCResumeComplete is not big enough to transmit all the measurement results. It is not clear what the UE behaviour is next.

7
For NR INACTIVE, the network can request early measurement report in RRCResume 

8
For NR INACTIVE, early measurement reporting can be sent in RRCResumeComplete 
Option 1: UE will give up transmitting the early measurement results in RRCResumeComplete message and will fallback to use the UEInformationRequest/UEInformationResponse procedure.

Option 2: UE will transmit a part of the early measurement results in RRCResumeComplete message and fallback to use the UEInformationRequest/UEInformationResponse procedure to transmit the rest of the early measurement results.

Proposal 4: RAN2 is kindly asked to confirm the UE behaviour, option 1 or option 2.
3. Conclusions:

In this paper, we focus on UE behavior after reception of early measurement configuration and measurement results reporting, and we propose:
Proposal 1: only when the upperLayerIndication is set true in one LTE cell, the UE perform the NR frequency measurement according to idle measurement configuration. 
Proposal 2: when the UE perform cell reselection to a RAT and early measurement configuration does not include this RAT frequency list, stop T331.

Proposal 3: the network will ensure the SIB2/4 or new SIB status is broadcasting after releasing UE.

Proposal 4: RAN2 is kindly asked to confirm the UE behaviour, option 1 or option 2.
4. Annex: agreements for early measurement report
In RAN2#105 meeting, RAN2 discussed the early measurement reporting and reached some agreements.
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.  
In RAN2#105bis, RAN2 discussed the early measurement reporting and reached some agreements.
Agreement

1
For NR IDLE mode, the LTE rel-15 euCA early measurement reporting solution (i.e. via UEInformationRequest and UEInformationResponse like messages) after connection is setup will be supported.

2
For both LTE and NR, sending full idle mode measurements before security activation shall not be allowed. 

FFS if some measurement information (detail TBD) related to idle mode measurements can be sent before security activation.

3
SMC and SMC complete messages will not be modified to enable the signalling of early measurements.

4
For both LTE and NR, RAN2 confirm that current specification allow that UEInformationRequest (or equivalent message to be specified in NR) can be sent by the network immediate after Security Mode Command without network having to wait for  Security Mode Complete (i.e. similar to sending of Reconfiguration after SMC)

5
For NR INACTIVE mode, the LTE rel-15 euCA early measurement reporting solution (i.e. via UEInformationRequest and UEInformationResponse like messages) after connection is resumed will be supported.

6
Sending early measurement report is network controlled

7
For NR INACTIVE, the network can request early measurement report in RRCResume 

8
For NR INACTIVE, early measurement reporting can be sent in RRCResumeComplete 

FFS Whether agreements 7 and 8 should be applied to LTE RRCConnectionResume and RRCConnectionResumeComplete message.

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

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.

In RAN2#106 meeting, RAN2 discussed the early measurement reporting and reached some agreements.
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

=>
Further discussion of CSI-RS early measurements should focus on whether they are needed for the case of SCell without SSB.

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)
In RAN2#107 meeting, RAN2 discussed the early measurement reporting and reached some agreements.

Agreements

1: 
For per-frequency SSB measurement configuration reuse the IE structure that is currently used in SIBs for cell reselection purposes.

2: 
The legacy SSB measurement configurations in NR SIB2/4 and LTE SIB24 are reused for NR early measurements performed in frequencies which are candidates of cell selection/reselection, i.e. not introduce new measurement configurations in NR/LTE SIB for these SSBs.

3: 
Same as LTE euCA, NR frequency list (not the SSB measurement configuration) can be different between RRC release and SIB. The frequency list, if provided, in RRC release message overrides the one provided in SIB.

4 For per frequency SSB measurement configuration for purpose of only early measurements, it can be included in both RRC release message and SIB. If provided in RRC release message, it overrides the one provided in SIB in the cell where the RRC Release message is received. (

FFS How UE manages the situation when an SSB measurement configuration for a given frequency is provided in SIB of the current cell and was also provided RRC Release (in an earlier cell).

Agreements

7: 
As in LTE euCA, the indication whether to report RSRP, RSRQ or both can be indicated in both RRC release message and SIB. If provided in RRC release, it overrides the one in SIB.

8: 
Similar to LTE euCA, the indication of beam reporting type (i.e. whether to, not report beam results, report only the beam index, or report both beam index and results) can be indicated in both RRC release message and SIB. If provided in RRC release, it overrides the one in SIB.

9: 
NR early measurement configuration is included in a new NR SIB.

10:
NR early measurement configuration is included in LTE SIB5 (i.e. the SIB including LTE early measurement configurations) 

11: It is not necessary to specify CSI-RS based early measurements for the case of SCell with SSB in Rel-16.

12: It is not necessary to specify CSI-RS based early measurements for the case of SCell without SSB in Rel-16.

13: In NR early measurement configuration, the UE can be configured with maximum number for beam reporting and only beams above configured threshold for cell quality derivation are required to be reported (as NR CONNECTED measurements). 

14
Do not support the network provide information on network’s support of CA/DC between frequencies to assist the UE to determine which frequencies to provide NR early measurement in Rel-16.

15
Do not support a mechanism to prevent outdated early measurement reporting in Rel-16

Agreements:

1
Upon the reception of the RRCSetup message in response to RRCSetupRequest or RRCResumeRequest (while T331 is running), the UE stops T331, and deletes the dedicated idle mode measurement configuration, if any.

2:
Upon the reception of the RRCReject message in response to RRCSetupRequest or RRCResumeRequest (while T331 is running), the UE keeps performing the idle mode measurements.

3: 
During a 2-step resume (i.e. RRCRelease in response to RRCResumeRequest), the network can release or reconfigure the idle mode measurements.

FFS whether this is delta or complete replace

4:
Upon the expiry of T331 while in IDLE or INACTIVE mode, the UE deletes the dedicated idle mode measurement configuration, if any.

5: The UE deletes the early measurement results after it has successfully reported them to the network (i.e. in UEInformationResponse or RRCResumeComplete).
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