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1	Introduction
During the RAN2#97-bis meeting, the following agreements were made on the topic of intra and inter frequency mobility aspects in NR linked to LTE/NR dual connectivity. 
Agreements:
1: 	On receiving the request for SN change, the master accepts/rejects (e.g. taking into account available information, network connectivity, etc) whether to carry out the requested inter-secondary nodes change (i.e. different Xx interface). The master may select a different target node in different frequency for the SN change based on the NR inter-frequency measurement maintained by master itself;
1a: MN can also trigger an inter-frequency the SN node change without any request from the SN.
2: 	Final RRC message for the inter-SN change will be generated from master node
3:	SN does not provide the NR measurement results to the MN;

FFS: UE can be configured with MN NR measurement configuration and SN NR measurement configuration on inter frequencies which are different from the serving frequencies used in SN. UE cannot be configured with MN NR measurement configuration on the serving SN frequencies. (This does not preclude MN NR measurement configuration to include inter-freq events that include the serving cell measurement)
FFS on how to coordinate the NR measurement configuration between MN and SN;
FFS how to allow the MN to perform inter-RAT measurement for potential handover to the serving SN frequency.

In this contribution, we plan to address the FFS aspects listed above.
2	Introduction to measurements in LTE
We based the discussion in this section based on our previous contribution in [2]. 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 is configured, whereas WLAN events W2 and W3 are only usable during the LWA operation.
3	Measurements for initial SgNB addition and during LTE-NR operation
Based on introduction in Section 2, 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 and may be reused for initial SgNB addition
Proposal 1: For initial SgNB addition, NR measurement events defined within LTE specification should include at least events B1 and B2.
We based the discussion in this section based on our previous contribution in [2]. Once the LTE-NR tight interworking has been configured, the NR SgNB can 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 de-configure 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 node: The reports sent to SgNB and MeNB are likely not going to have the exactly the 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 3: MeNB cannot be assumed to fully understand either the NR measurement reporting format or the event triggers causing the report to be sent.
4	Measurement coordination between MN and SN
To initiate the discussion, we refer to [1] which exhaustively lists the aspects connected to measurement coordination and assistance in LTE/NR DC. In [1], 2 mainstream options have been presented with sub-options in section 2.2. These options are meant to discuss the different aspects of measurement configuration (measurement objects, measurement reporting configurations, measurement IDs) can be coordinated for the UE configured with LTE-NR DC operation.
These options are listed again here for reference, but as we have already indicated the Option 1 is our preferred choice because it allows for simplified coordination between nodes as well as respecting the agreed principle to allow independent specification evolution.
· Option 1: Independent configuration between MCG and SCG
· Option 2: Common configuration to MCG and SCG


Figure 2-1: Modified Option 1 for coordination of measurements between MN and SN in LTE/NR DC (Source: [1])
The overview of Option 1 is illustrated in Figure 2-1. In this option, the measurement configuration (objects, report configurations, IDs) is provided by MN and SN independently. As illustrated in Figure 2-1, the MN builds and provides the UE with the MCG part of measurement configuration using LTE RRC. In this measurement configuration, the MCG cells (LTE) are regarded as serving cells and the other cells including the SCG cells (NR) are regarded as (inter-RAT) neighbour cells. Measurement results associated with the measurement ID provided by the MN is reported to the MN only using the LTE Measurement Report message. Likewise, the SN builds and provides the UE with the SCG part of configuration using NR RRC. In this measurement configuration, the SCG cells (NR) are regarded as serving cells and the other cells including the MCG cells (LTE) are regarded as (inter-RAT) neighbour cells. Measurement results associated with the measurement ID provided by the SN is reported to the SN only using the NR Measurement Report message. We consider the following to be coordinated as part of the measurement coordination between MN and SN.
Proposal 3: Measurement configuration between MN and SN involves at least the following aspects; coordinating the set of inter-frequency carriers, coordinating the measurement gaps in the RATs (pending RAN4 outcome), coordinating the total number of measurement objects and coordinating how measurement results will be potentially shared.
Once LTE/NR dual connectivity is active, it is already agreed that the SgNB is managing the NR measurements and mobility for the intra-frequency scenarios. The question remains why the MN needs to maintain the same measurements and what will be the added value for the MN to maintain duplicated measurement configurations for the serving SN frequencies. The use case is simply not clear and it is because of the same reason that the agreement below was made:
	RAN2 Agreement in RAN2#97-bis:
SN does not provide the NR measurement results to the MN


To keep the system view simpler, we would propose that the UE can be configured with at most one measurement object per carrier frequency.
Proposal 4: UE is configured (at most) with one measurement object per frequency.
In addition, the UE cannot be configured by the MN for any measurements on the serving SN frequencies. For frequencies, other than the serving frequencies, we think that there are essentially 2 sub-categories:
· Category 1: Non-serving frequencies which are managed by the SgNB which are potentially assigned to the UE for measurements, when the intra-frequency carriers that the UE is being currently served are no longer able to serve the UE, because they are lost due to coverage reasons.
· Category 2: Non-serving frequencies which are not managed by the SgNB (but are only known to the MeNB) because of network topology. These carriers are employed specifically by the MeNB for load-balancing reasons.
Observation 4: MeNB needs to only maintain the measurements for Category 2 type of non-serving frequencies.
Observation 5: SgNB maintains measurements for Category 1 type of non-serving frequencies. 
Proposal 5: UE cannot be configured with MN NR measurement on the serving SN frequencies. This does not preclude MN NR measurement configuration to include inter-freq events that include the serving cell measurement.
Proposal 5a: UE can be configured with MN NR measurement (for Category II) and SN NR measurement (for Category I) for frequencies which are different from the serving frequencies used in SN.
From a UE reporting point of view, it is logical that the node that setup the measurement configuration and reporting is the node that needs the measurement report. Measurement results extracted from measurement reports may be shared between MN and SN to convey additional information (this could be based on the measurement coordination between the MN and the SN as well). Hence for the measurement related aspects, the following principles are proposed.  
Proposal 5b: UE sends all measurement reports to the node that configured the measurement.
Proposal 5c: Only the node that configured the measurement can modify the measurement configuration.
To avoid the issue of duplicate measurement configurations with Option 1 (discussed in [1]), we propose that the measurement coordination could also include an indication if a node needs the measurement results made by the other mode. If it is the case, the coordination could have signalling for the sharing of the measurement results.
Proposal 5d: It is up to the measurement coordination to define how and which measurement results are shared between MN and SN (for example to allow the MN to perform inter-RAT handover to the serving SN frequency).
Repeating the discussion in [2], 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 operate the same way 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 active even after S-RLF if the LTE-NR configuration remains valid at the UE. It should be up to the network to decide which actions to take after the S-RLF, so the UE measurements should continue until the LTE-NR configuration is possibly released. At least the minimum requirement is that the UE can deliver its measurements to the SgNB, and this needs a routing function from the MeNB.
Proposal 6: Upon S-RLF, UE continues measurements based on SgNB configuration and reports newly found NR cells using the SCGFailureInformation and RRC Measurement Report even after S-RLF (i.e. until the NR configuration part is removed).
[bookmark: _GoBack]5	Conclusion
In this discussion, we have touched upon several aspects related to how the measurements are expected to work in LTE/NR dual connectivity as well as the coordination of measurements between the MN and SN. Based on the discussions, the following observations are made and proposals are made: 
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.
Proposal 1: For initial SgNB addition, NR measurement events defined within LTE specification should include at least events B1 and B2.
Observation 3: 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.
Proposal 3: Measurement configuration between MN and SN involves at least the following aspects; coordinating the set of inter-frequency carriers, coordinating the measurement gaps in the RATs, coordinating the total number of measurement objects and coordinating how measurement results will be potentially shared.
Proposal 4: UE cannot be configured with more than one measurement object per frequency.
Observation 4: MeNB needs to only maintain the measurements for Category 2 type of non-serving frequencies.
Observation 5: SgNB maintains measurements for Category 1 type of non-serving frequencies. 
Proposal 5: UE cannot be configured with MN NR measurement configuration on the serving SN frequencies and this does not preclude MN NR measurement configuration to include inter-freq events that include the serving cell measurement.
Proposal 5a: UE can be configured with MN NR measurement configuration (for Category II) and SN NR measurement configuration (for Category I) for frequencies which are different from the serving frequencies used in SN.
Proposal 5b: UE sends all measurement reports to the node that configured the measurement.
Proposal 5c: Only the node that setup the measurement can modify the measurement configuration.
Proposal 5d: It is up to measurement coordination how measurement results are shared between MN and SN (for example to allow the MN to perform inter-RAT handover to the serving SN frequency).
Proposal 6: Upon S-RLF, UE continues measurements based on SgNB configuration and report newly found NR cells using the SCGFailureInformation even after S-RLF (i.e. until the NR configuration part is removed).
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