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1	Introduction
LTE-NR tight interworking (also called E-UTRAN-NR Dual Connectivity or EN-DC for short) requires coordination between the LTE MeNB and NR SgNB in many aspects. So far RAN2 has agreed on the following concerning the measurements of LTE-NR tight interworking:
Agreements
3	The RRM measurement configuration for secondary node change is maintained by secondary node and also processes measurement reports.

Agreements

4	Measurement reporting for mobility within the SN can be transported in SN RRC messages directly from UE to SN, if SCG SRB is configured. Detail rules for UE to select transmission path for UL message to be defined in WI.

In this contribution, we discuss the topic of measurement coordination for LTE-NR tight interworking.
2	Measurements for LTE-NR tight interworking operation
2.1	Measurements in LTE 
The measurements in LTE can be categorized into three main classes
A. Intra-frequency measurements within the current serving carrier(s)
B. Inter-frequency measurements of other carriers than those currently used by the UE
C. Inter-RAT measurements of RATs other than LTE
The basic flavour is the intra-frequency measurements: Measurements to ensure the UE is being served by the best possible cell in the current carrier frequency. If (and when) the measurements indicate there is no good target, the inter-frequency measurements are done to continue operating with the LTE system, just on different carrier frequencies. The inter-frequency measurements are typically minimized because they consume UE battery and may have adverse impacts to the UE operation under the serving carrier (e.g. measurement gaps or glitches due to RF frequency tuning), but are still preferable to not having service at all since inter-frequency handovers still allow service continuity. Finally, inter-RAT measurements are similar to inter-frequency measurements but their target is a different RAT, and with the extra caveat that service continuity across inter-RAT handover may not be possible, so it makes sense to avoid inter-RAT handovers where possible. Also, it is complex to allow all possible measurements within a RAT also within another RAT, so the measurements are rather abstracted and only allow detecting the presence of a suitable inter-RAT carrier.
Observation 1: The inter-RAT measurements are typically used only when intra-LTE measurements are not sufficient, i.e. as a “fallback mechanism” for cases when LTE coverage is lost.
To these ends, the LTE specification currently defines only two inter-RAT measurement events: B1 (inter-RAT Neighbour becomes better than absolute threshold) and B2 (PCell becomes worse than absolute threshold1 AND inter-RAT neighbour becomes better than another absolute threshold2). B1 can be used to do inter-RAT handover to a cell when it is detected, whereas B2 can be used to condition the handover only to cases when the serving cell is also growing weaker at the same time.
Additionally, the WLAN measurements defined three other events: W1 (WLAN becomes better than a threshold; similar to B1 measurement event), W2 (All WLAN inside WLAN mobility set become worse than a threshold1 and a WLAN outside WLAN mobility set becomes better than a threshold2; similar to measurement event B2) and W3 (All WLAN inside WLAN mobility set become worse than a threshold; similar to measurement event A2). The concept of mobility set in these events refers to the operational WLAN APs during the LWA operation, which means that the events W2 and W3 are only relevant during the LWA operation. Further, the event W1 was explicitly defined not to work while LWA was configured, i.e. it was intended to be used for the purpose of configuring the LWA operation.
Observation 2: WLAN event W1 is only usable before LWA operation, whereas WLAN events W2 and W3 are only usable during the LWA operation.
Based on these, we propose that the inter-RAT measurements of NR that are defined within LTE should be relatively simple, e.g. based on just existing B1 and B2.
Proposal 1: NR measurement events defined within LTE specification should include at least events B1 and B2.
2.2	Measurements before LTE-NR setup 
The LTE-NR operation is inherently a hybrid of two things: Dual connectivity and inter-RAT operation. The closest existing analogic procedure for it is the LTE-WLAN aggregation (LWA), where UE is operating under both LTE and WLAN at the same time. However, the different to LTE-NR operation is that WLAN is not a 3GPP RAT but NR is a 3GPP RAT.
The purpose of measurements before LTE-NR operation can be roughly categorized as follows:
1. Intra-LTE mobility: Ensuring UE is operating under the appropriate frequency layer based on its capabilities, and ensuring the UE connection is maintained in a robust manner.
2. Efficient resource utilization (e.g. CA/DC/LWA): Ensuring eNB has information on which cells are able to serve UE so as to maximize its frequency/RAT resource utilization
3. Inter-RAT mobility: Finding alternative targets when the coverage of the current system runs out, or the other system is needed for other reasons (e.g. load balancing).
Obviously, any measurements done before LTE-NR setup fall in the second category: Ensuring UE is utilizing the most efficient resources it needs.
Observation 3: Measurements needed for initiating LTE-NR tight interworking should attempt to find the “best available” resources to be used by the UE.
For example: the LTE-NR could be used in areas where both the LTE and NR cells are good enough, and an event triggering when both LTE and NR are good enough could be defined. Currently, this can be done with two events: Event A1 (LTE Pcell becomes stronger than threshold 1) and Event B1 (NR neighbour cell becomes stronger than threshold 2). 
Proposal 2: For activating LTE-NR tight interworking, define a new measurement event B3 (PCell becomes stronger than threshold1 AND neighbour gNB becomes stronger than threshold2) as a measurement event within LTE RRC. 
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Figure 1. Example of event B3 usage
2.3	Measurements during LTE-NR operation 
Once the LTE-NR tight interworking has been configured, the NR SgNB is allowed to configure UE with measurements, and according to current decisions will also control all the NR measurements. This presents a dilemma: How should the measurement events configured by the NR SgNB interact with the measurement events configured by the LTE MeNB? Should they be coordinated fully, or should UE simply obey both commands by each node? Or should MeNB always deconfigure the NR measurements when the LTE-NR is configured?
The basic problem is that UE might be requested to send different measurement reports to each system: The reports sent to SgNB and MeNB are likely not going to have the exactly same ASN.1 format. Requiring each to comprehend the other would also require that each node fully comprehends the ASN.1 encoding used by the other, which is against the basic principle assumed so far: LTE and NR operation should be as separate as possible, to allow separate evolution of each system.
Observation 4: It is not reasonable to assume MeNB can fully understand either the NR measurement reporting format or the event triggers causing the report to be sent.
When LWA was specified, a similar question arose in a different context: How to deal with the “LWA mobility set” that was only relevant when the LWA was configured? The solution adopted there was to simply state that the event W1 was defined to be active only when the mobility set was not configured, and therefore could never trigger during the LWA operation. Likewise, the events W2/W3 could only trigger when mobility set was configured, and would never trigger before LWA operation was allowed. We think a similar thinking could be followed for LTE-NR operation: Since the SgNB can configure the measurement events to handle intra-NR mobility, the UE should simply not trigger any events configured for NR measurement objects within the LTE part of the RRC configuration. 
Proposal 3: When LTE-NR tight interworking is configured, UE doesn’t trigger any measurement events linked to NR measurement objects that are defined within the LTE RRC.


Figure 1. Disabling of LTE-configured measurements during LTE-NR operation 
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Once the LTE-NR tight interworking either suffers a SCG failure (i.e. the NR part fails) or the NR part of the LTE-NR configuration is removed, the UE measurements should revert to the same way of operating as without LTE-NR operation. That is, it is up to MeNB to configure the measurements, and as soon as the NR configuration is removed, any already-configured measurement events may trigger again.
However, just like with LTE DC, any measurements configured within the NR part should remain even after S-RLF as long as the LTE-NR configuration remains at the UE. As discussed in R2-1702631, it should be up to SgNB which actions to take after the S-RLF, so the UE measurements should continue until the LTE-NR configuration is released. 
Proposal 4: UE continues measurements based on SgNB configuration even after S-RLF (i.e. until the NR configuration part is removed).
4	Conclusions
We have discussed the handling of measurements during LTE-NR tight interworking and observed the following: 
Observation 1: The inter-RAT measurements are typically used only when intra-LTE measurements are not sufficient, i.e. as a “fallback mechanism” for cases when LTE coverage is lost.
Observation 2: WLAN event W1 is only usable before LWA operation, whereas WLAN events W2 and W3 are only usable during the LWA operation.
Observation 3: Measurements needed for initiating LTE-NR tight interworking should attempt to find the “best available” resources to be used by the UE.
Observation 4: It is not reasonable to assume MeNB can fully understand either the NR measurement reporting format or the event triggers causing the report to be sent.
Based on these, we propose the following:
Proposal 1: NR measurement events defined within LTE specification should include at least events B1 and B2.
Proposal 2: For activating LTE-NR tight interworking, define a new measurement event B3 (PCell becomes stronger than threshold1 AND neighbour gNB becomes stronger than threshold2) as a measurement event within LTE RRC. 
Proposal 3: When LTE-NR tight interworking is configured, UE doesn’t trigger any measurement events liked to NR measurement objects that are defined within the LTE RRC.
Proposal 4: UE continues measurements based on SgNB configuration even after S-RLF (i.e. until the NR configuration part is removed).
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