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1 Introduction
At RAN2#105b meeting, the general framework of early measurement were set, i.e. NR early measurements can be configured in both NR RRCRelease message and NR system information, and the early measurements at least includes the validity timer and NR frequency specific configurations. It was also agreed that the early measurement configuration parameters provided per SSB frequency follow the same principles as those provided in SIB2/4 for the purposes of Idle/Inactive mobility. In addition, there are four email discussion on-going to report to next RAN2 #107 meeting, e.g. on measurement configuration and reporting, validity area, as well as UE behaviours regarding idle measurement configurations and measurement results. 

There may be some confusion on whether the early measurement will impact on cell reselection or not. And the UE behaviour upon inter-RAT cell selection is still open. In this paper, we focus on this issue, and give our views.
2 Discussion
The first thing to clarify is that whether the configuration of cell reselection priority will have any impact on UE early measurement or vice versa. The purpose of cell reselection is to find a best cell to camp on for UEs. When the network configures cell reselection priority broadcasted in SIB, it may consider network implementation, cell load, or other operator specific preference. While for dedicated priority included in RRC release message, the network may further consider the UE capability, the PLMN to which the UE belongs, and so on. Then the purpose of early measurement in this WI is to assist the network to configure MR-DC and NR CA. In this case, the network may configure the measurement to be measured based on MR-DC deployment and UE capability. Considering the purposes for cell reselection and early measurement are different, and the frequency considerations are different in some level too, it is more reasonable that the configuration and UE behaviours for these two procedures are not coupled.

Proposal 1: 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, the UE stop the IDLE measurement. Even though there is no specific discussion for euCA in R15, for inter-RAT cell reselection, 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: In LTE euCA, upon inter-RAT cell reselection, the UE will stop IDLE measurement and release the IDLE measurement configuration and results.   

In R15 LTE euCA, since only E-UTRAN supports IDLE measurement, there is no need for any further optimization 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). Then in order to provide consistence service to UEs in the multi-RAT network, the inter-working and cooperation among the cells need to be tighter and more seamless. 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. One side, it is needed to limit the frequency sets to save UE power. While the other side, when UE moves, the measurement configuration and results should be maintained as much as possible as long as the new camped cell can use them for leverage. For example, for a UE camping on LTE cell2, it can be configured with E-UTRA f1 for LTE CA, and NR f1 and f1 for EN-DC on which to perform early measurement; while for a UE camping on NR cell2, if can be 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 case, we can see that at least 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 (part of) measurement configuration based on network configuration.
Proposal 2: For inter-RAT cell reselection between NR and E-UTRA, the UE should maintain the early measurement results and (part of) measurement configuration based on network configuration.
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Figure 1. Illustration of coexistence network deployment with E-UTRA cells and NR cells
The network should have the ability to inform UE which frequencies to be measured in which region. In LTE euCA, there is the concept of validity area to control the region where the UE needs to perform early measurement. However, the validity area is a per-UE configuration, i.e. a big cell list including multiple per-frequency cell lists, which means if the UE moves out of the validity area, it will stop the whole measurement behavior. So the validity area defined for LTE euCA cannot achieve per-frequency control. In the email discussion #35, it seems most of companies agree that the concept of validity area is helpful for UE power saving for early measurement. And also to configure per frequency or frequency set validity area is discussed in the email discussion. If the per frequency validity area is to be agreed, then it can also be used to achieve inter-RAT measurement control. For example, for NR f2, the corresponding validity area can include NR cell1, NR cell2 as well as LTE cell 2 and LTE cell3. And for NR f1, the validity area can include LTE cell2 and LTE cell3. Since the concept of validity area is not agreed for eDCCA so far, we also study the solution that not rely on validity area. It was agreed that the UE can be provided with early measurement configuration via RRC release message or broadcasted in SIB, which includes a frequency list to perform measurement on. As illustrated before, in the coexistence network scenario, when UE camps on different RAT, the frequency list for early measurement maybe different, then the network can provide the UE with multiple sets of frequency list to be measure on, e.g. one set is for the case that the UE camp on NR cells and the other set is for the case that the UE camps on E-UTRA cells. In this case, whether others early measurement configuration parameters are shared by multiple configuration sets or not can be further discussed. To sum up, there are two options for network to control UE to maintain measurement configuration and results in some inter-RAT cell reselection cases.
· Option 1: Configure the UE with per-frequency validity areas, one validity area includes multi-RAT cells.

· Option 2: Configure the UE with multiple set of early measurement configuration which includes frequency list, e.g. one is used for the case that the UE camp on NR cells and the other set is for the case that the UE camps on E-UTRA cells. Details are FFS. 
Proposal 3: RAN2 to further study the two solutions of early measurement configuration in case of inter-RAT cell reselection in RRC_IDL between NR and E-UTRA.

· Option 1: Configure the UE with per-frequency validity areas, one validity area includes multi-RAT cells.

· Option 2: Configure the UE with multiple sets of early measurement configuration which includes frequency list for different RATs.
Another scenario is that the UE performs inter-RAT cell reselection from LTE to another RAT than NR. When in the RAT other than LTE and NR, the early measurement configuration is irrelevant. However, if the UE comes back to LTE before the early measurement timer is expired, the UE could come resume early measuremnets.

Proposal 4: If the UE performs cell reselection from LTE to another RAT than NR, the UE keeps the early measurement configuration but does not perform any measurement. If the UE reselects an LTE cell before the early measurement timer is expired, the UE resumes early measurements.

In this case early measurement configuration received in the LTE cell is not valid in the UMTS cell, i.e. UE can release the early measurement configuration.

3 Conclusion

In this paper, we discuss early measurement configuration in case of inter-RAT cell reselection, and give the following proposals: 
Proposal 1: Cell reselection and early measurement are independent of each other.
Proposal 2: For inter-RAT cell reselection between NR and E-UTRA, the UE should maintain the early measurement results and (part of) measurement configuration based on network configuration.
Proposal 3: RAN2 to further study the two solutions of early measurement configuration in case of inter-RAT cell reselection in RRC_IDL between NR and E-UTRA.

· Option 1: Configure the UE with per-frequency validity areas, one validity area includes multi-RAT cells.

· Option 2: Configure the UE with multiple sets of early measurement configuration which includes frequency list for different RATs.

Proposal 4: If the UE performs cell reselection from LTE to another RAT than NR, the UE keeps the early measurement configuration but does not perform any measurement. If the UE reselects an LTE cell before the early measurement timer is expired, the UE resumes early measurements.
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