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1 Introduction
In this paper, we discuss some remaining issues of early measurement, e.g. the unresolved FFSs and some other related issues:

-
Early measurement reporting enhancement in LTE RRC_INACTIVE and LTE idle with suspended

-
Early measurement during 2-step resume

-
Early measurements after inter-RAT cell reselection
-
Considerations on SFTD measurement
2 Discussion
2.1
LTE RRC_INACTIVE and LTE with suspended RRC connection
In the RAN2#105bis meeting, RAN2 made some agreements on early measurements for NR RRC_INACTIVE but it is FFS whether this can apply to LTE RRC_INACTIVE and LTE IDLE with suspended RRC connection.

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.
In our understanding, since the security requirements are satisfied before sending RRCConnectionResume message, the agreement made for NR INACTIVE can be applied in LTE RRC_INACTIVE and LTE RRC IDLE with suspended.
Proposal 1: When resuming from LTE RRC_INACTIVE and LTE RRC_IDLE with suspended RRC connection, in the RRCConnectionResume, the network can request the UE to provide early measurement results in the RRCConnectionResumeComplete message.
2.2
Early measurements during 2-step resume
In the last RAN2#107 meeting, it was agreed that the network can release or reconfigure the idle mode measurements during a 2-step resume (i.e. RRCRelease in response to RRCResumeRequest), but whether this is delta or complete replace is FFS. 
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
In our understanding, Applying delta configuration is not necessary since the early measurement configuration size is not big. Also, the UE behaviour in Rel-15 euCA is to completely replace the early measurement configuration during 2-step resume, so we propose to apply complete replace of early measurement configuration during 2-step resume for simplicity and alignment.
Proposal 2: If UE receives early measurement configuration during a 2-step resume (i.e. RRCRelease in response to RRCResumeRequest), UE clears the old early measurement configuration and results and apply the newly received early measurement configuration (i.e. complete replace).
2.3
Early measurements after inter-RAT cell reselection
The purpose of cell reselection is to find a best cell to camp on for the UE. When the network configures cell reselection priority in SIB, it may consider network implementation, cell paging load, or other operator specific preference. For dedicated cell reselection priority included in the RRC release message, the network may further consider the UE capability, the PLMN to which the UE belongs, the type of UE, subscription information and so on. The purpose of early measurements is to allow the network to configure MR-DC and NR CA, which depends on MR-DC deployment, UE capability, cell active traffic load and ongoing UE services. The purposes for cell reselection and for early measurement are different and the candidate frequencies are also different (e.g. NR frequencies to be used for early measurement can be located out of the sync raster). Therefore, the configuration and UE behaviours for these two procedures should remain independent.

Proposal 3: Cell reselection and early measurement are independent of each other.

In LTE euCA, once the UE configured with IDLE measurement reselects to another cell, the UE will first check the validity area. If the camped cell belongs to the validity area, then the IDLE measurement continues, otherwise, UE stops the IDLE measurement. Even though there are no specific discussions on inter-RAT cell reselection in R15 euCA, since the validity area does not include inter-RAT frequency and in TS 36.304 there is no specific UE behavior to maintain IDLE measurement configuration or results, we can understand that the UE will stop IDLE measurement and release the IDLE measurement configuration and results.

Observation 1: In LTE euCA, upon inter-RAT cell reselection, the UE will stop IDLE measurement and release the IDLE measurement configuration and results. 
Also in Rel-15 LTE euCA, UE stops timer T331 and deletes VarMeasIdleConfig upon reselecting to cell that does not belong to validityArea. And the agreement made on the validity area in Rel-16 is pretty much like the validity area in Rel-15 LTE euCA. For simplicity and alignment, we propose to confirm the WA that UE also clears the early measurement configuration.
· When UE reselects to a cell that is not part of the validity area (for any of the configured frequencies/cells) while measIdleDuration is running, UE should stop measurement. UE stops the timer. WA that the UE also clears the entire early measurement configuration.
Proposal 4: Confirm the WA that UE also clears the entire early measurement configuration upon reselecting to a cell that is not part of validity area (for any of the configured frequencies/cells) while T331 is running. 
In R15 LTE euCA, since only E-UTRAN supports IDLE measurement, there is no need for any further optimizations for inter-RAT cell reselection case. However, it is different for R16 eDCCA WI. It is confirmed by some operators that EN-DC will be their choice for the first stage of 5G deployment, which means there will be a coexistence scenario of legacy LTE, EN-DC, NR SA (may even as well as option 5 and other MR-DC options). As shown in Figure 1, assuming there are legacy LTE cells (i.e. not supporting EN-DC), LTE cells supporting EN-DC, NR NSA cells, and NR SA cells, where some NR NSA cells and SA cells are collocated. On one side, it is needed to limit the set of frequencies to measure to save UE power. On the other side, when the UE moves, the measurement configuration and measurement results should be maintained as much as possible as long as the new camped cell can use them for CA or DC. For example:

-
The UE camping on LTE cell2 is configured with E-UTRA f1 for LTE CA, and NR f1 or f2 for EN-DC;
-
The UE camping on NR cell2 is configured with NR f2 for NR CA and maybe as well as E-UTRA f1 or f2 if the network support NE-DC.
In this scenario, the early measurement results of NR f1 can be used in both of NR SA network and EN-DC network. Then for inter-RAT cell reselection between NR and E-UTRA, it may be beneficial that the UE maintains the early measurement results and measurement configuration based on network configuration.

However, if the network does not support NR CA between NR f1 and NR f2, although it is useful to measure NR f2 when camping on LTE cell2, it is not useful to report measurements of NR cell 2 when the UE is camping on NR cell 2.

Observation 2: For some NR SSB frequencies, continuing measurements after reselection from LTE to NR can be useful while for other NR SSB frequencies, it is not useful.
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Figure 1. Illustration of coexistence network deployment with E-UTRA cells and NR cells
Therefore, it may be useful that the UE keeps the inactive/idle measurement configuration upon reselection from LTE to NR, or vice-versa. FFS the network could have the ability to inform UE which frequencies to be measured in which RAT. 
Besides the coexistence scenario of NR NSA and SA in the above example, we need to consider different cases of early measurement configuration. According to the agreement of the RAN2#107bis meeting:

· Proposal is agreed
Proposal     The UE only needs to support the following signalling combination options:

A. If network uses broadcast signaling for the list of early measurements, it will provide all parameters by broadcast signaling with the only exception that dedicated signalling is used for the timer
B. If network uses dedicated signaling for the list of early measurements, the following signalling options are allowed for each of the frequencies:

1) SSB measurement configuration (incl SMTC) and all other parameters are provided by dedicated signaling

2) SSB measurement configuration (incl SMTC) is broadcast and all other parameters are provided by dedicated signaling

UE can be configured with:

A) Only T331 is provided by dedicated signaling, all the other parameters are provided by broadcast signalling: in this case, there is not use to stop performing early measurements upon cell reselection.

B-1) Dedicated signalling provides T331, list of frequencies and, for each frequency, SSB information: this could be the case that the NR deployments in non-standalone. If the UE moves further away so that if finds NR standalone cells and reselects to them, there is a big chance that the SMTC is not the same and according to last meeting agreement, the UE may stop performing measurements on the concerned frequency.
· No UE requirements will be specified for what UE shall do upon reselection to a cell broadcasting for some frequency an SSB measurement configuration that differs from the values received in the RRC release message i.e. UE may stop early performing measurements for concerned frequency
From that perspective, even if the UE keeps the configuration, it may anyway stop the measurements. However, the agreement seems not to mean that T331 is stopped, i.e. the UE could continue performing early measurements.
B-2) Dedicated signalling include T331 and list of frequencies, then the UE will use the SSB configuration in SI: in this case, there is not use to stop performing early measurements upon cell reselection.
To summary, UE could continue T331 and keep the early measurement configuration when it does cell reselection between LTE and NR.
Proposal 5: UE could continue T331 and keep the early measurement configuration when it does cell reselection between LTE and NR.
Another scenario is that the UE performs inter-RAT cell reselection from LTE to another RAT (e.g. UTMS) than NR. When in the RAT other than LTE and NR, the early measurement configuration is irrelevant and may even be invalid if the validity area is configured. So we propose to stop the timer and delete the early measurement configuration cell reselection from LTE to another RAT than NR, which is also aligned with UE behaviour in Rel-15 LTE euCA.
Proposal 6: If UE performs cell reselection from LTE to another RAT than NR, UE stops the timer and deletes the early measurement configuration.

2.4
Considerations on SFTD measurements
SFTD measurements performed by UEs in RRC_CONNECTED in NR-DC, NE-DC and NR SA is supported in Rel-15. In TS 38.306, each such type of SFTD measurements is an optional UE capability, and then it is possible that no UE in one cell supports SFTD measurements, so that the network cannot obtain necessary timing difference information to configure NR measurements. Further, if the network does not have accurate timing information about the target SCell/SCG for DC/CA, measurement gap configurations in the subsequent connected state RRM measurement can also be inaccurate, which affects the performance of the configured DC/CA. 

Observation 3: If there is a lack of UE supporting SFTD measurements in one cell, it is difficult to configure the necessary RRM measurement to configure SCell/SCG for UEs in RRC_CONNECTED state.

Besides, the SFTD measurements by UEs in RRC_CONNECTED state may affect data transmission. While UEs in RRC_IDLE/RRC_INACTIVE state would not have this problem. In addition, compared with the UE in RRC_CONNECTED state, the UE in the idle mode has more time to perform SFTD measurements.

Observation 4: UEs in RRC_IDLE/RRC_INACTIVE can more easily perform SFTD measurements than UEs in RRC_CONNECTED because they have more time without reception.

Observation 5: Obtaining SFTD measurements from UEs in RRC_IDLE/RRC_INACTIVE can avoid affecting the performance of data transmission of RRC_CONNECTED UEs.
Therefore, we suggest that SFTD measurements can be performed by UEs in RRC_IDLE/RRC_INACTIVE state. 
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Figure 2 Procedure for solution 1: SFTD measurement in RRC_IDLE/RRC_INACTIVE

Figure.2 illustrates the general procedure of how this could work:
· Step 1: the network provides SFTD measurement configuration or indication to the UE through RRC release message or system information, which may include the target cell/frequency of SFTD measurement. 

· Step 2: the UE performs SFTD measurement in RRC_IDLE/RRC_INACTIVE state.

· Step 3: the network can require UE to report the SFTD result if necessary. Detailed mechanisms can be for further study. For instance, network may send an enquiry indication/message to a specific UE or in system information.

· Step 4: UE reports the SFTD result based on network’s request or without network’s request. 

Proposal 7: UEs can be configured to perform SFTD measurement in RRC_IDLE state or RRC_ INACTIVE state.

Here we should notice one thing that considering UE’s mobility, additional criteria may be necessary in Step 4 to ensure that the SFTD result is reported to the right gNB/eNB. For example, if the UE is camping on a cell, which is not the earlier serving cell that provided the SFTD measurement configuration/indication, or not the target cell of SFTD measurement, the UE should discard the SFTD result rather than sending it to the irrelevant cell.

Proposal 8: To avoid reporting SFTD result to irrelevant cells, UE should discard the SFTD result when its current serving cell is not the earlier serving cell that provided the SFTD measurement configuration/indication or not the target cell of the SFTD measurement.
3 Conclusion
In this contribution, we discussed many aspects regarding early measurement in RRC_IDLE and RRC_INACTIVE, and have the following proposals:
Proposal 1: When resuming from LTE RRC_INACTIVE and LTE RRC_IDLE with suspended RRC connection, in the RRCConnectionResume, the network can request the UE to provide early measurement results in the RRCConnectionResumeComplete message.

Proposal 2: If UE receives early measurement configuration during a 2-step resume (i.e. RRCRelease in response to RRCResumeRequest), UE clears the old early measurement configuration and results and apply the newly received early measurement configuration (i.e. complete replace).
Proposal 3: Cell reselection and early measurement are independent of each other.
Proposal 4: Confirm the WA that UE also clears the entire early measurement configuration upon reselecting to a cell that is not part of validity area (for any of the configured frequencies/cells) while T331 is running. 
Proposal 5: For each LTE and NR SSB frequency configured via dedicated signalling for idle/inactive measurements, the network can indicate whether the UE continues such measurements upon reselection from to NR (if in LTE) or to NR (if in NR). 

Proposal 6: If UE performs cell reselection from LTE to another RAT than NR, UE stops the timer and deletes the early measurement configuration.

Proposal 7: UE can be configured to perform SFTD measurement in RRC_IDLE state or RRC_ INACTIVE state.

Proposal 8: To avoid reporting SFTD result to irrelevant cells, UE should discard the SFTD result when its current serving cell is not the earlier serving cell that provided the SFTD measurement configuration/indication or not the target cell of the SFTD measurement.
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