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1 Introduction

At RAN2 #97bis, the following agreements were made related to EN-DC procedure [1]:

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  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 addition, at the RAN2 Ad Hoc #2, the following agreements were made [2]:
Agreements related to SCG cell related parameters (at least for EN-DC)

1
RAN2 confirm that MN only initiates SN addition/ release i.e. that MN initiated SCG addition/ release is not supported

2.1
(At SN addition) MN provides measurement results rather than explicitly indicating the SCG cell to be added

2.2
No further SCG cell related parameters(beyond the measurements) need to be exchanged (i.e. no need for inter-node signalling regarding SCG cell addition assuming UE capability related info is indicated differently)

3
Measurement results provided by MN to SN at SN addition are specified by RRC (inter node message). FFS whether encoding of measurements is defined in NR or LTE RRC.
Agreements

1
LTE inter-RAT measurement trigger event B1 for NR to be supported

FFS Whether a measurement trigger event is needed in LTE which is triggered when NR PSCell becomes worse than an absolute threshold.

FFS A measurement trigger event is needed in LTE which is triggered when NR PSCell becomes worse than absolute threshold1 and NR neighbour cell on a different carrier becomes better than absolute threshold2.

In this contribution, we address the measurement events for LTE required for the support of EN-DC.
2 LTE Measurement Events for EN-DC
A number of MN initiated operations (SN addition/release, SN change) have been agreed in the last few RAN2 meetings for EN-DC.  For each of these allowable operations, it needs to be discussed what measurements are required at the MN (LTE) node to make such decisions and whatLTE measurement events are required.  
LTE defines A-series events for intra-RAT and B series events for inter-RAT, as follows:

	Event Name
	Description

	Intra-RAT

	Event A1
	Serving becomes better than absolute threshold.

	Event A2
	Serving becomes worse than absolute threshold

	Event A3
	Neighbor becomes amount of offset better than PCell/PSCell

	Event A4
	Neighbor becomes better than absolute threshold

	Event A5
	PCell/PSCell becomes worse than absolute threshold 1 AND Neighbor becomes better than another absolute threshold2.

	Event A6
	Neighbor becomes amount of offset better than SCell

	Inter-RAT

	Event B1
	Neigbor becomes better than absolute threshold

	Event B2
	PCell becomes worse than absolute threshold1 AND Neighbor becomes better than another absolute threshold2


As observed in RAN2 Ad-Hoc2, event B1 is sufficient to allow MN triggered SN addition.  Support for inter-RAT handover (to NR) should also be possible when EN-DC is configured, and the SN serving frequencies should be considered as target frequencies.  Event B2 can be utilized by the network to trigger Inter-RAT handovers.  In order to allow inter-RAT handover to a serving cell of the SCG, the MN should be able to include serving cells of the SN as potential targets for the inter-RAT HO. 

Proposal 1:
LTE inter-RAT measurement trigger event B2 for NR is supported to allow HO to NR cell (including NR serving cell)
MN triggered SN release can be performed by the MN when it no longer requires the additional radio resources of NR.  Having a measurements-based trigger for this release, however, may not be necessary since SN-configured measurements can already trigger SN release (e.g. through an event A2 similar event).  In addition, an MN triggered SN release could potentially conflict with SCG change or SN change triggered by the SN node, which would require additional inter-node procedures to handle this.  We therefore think it be best that MN-triggered SN release is not based on RRM measurement, and so a new event does not need to be defined to support this case.  
Proposal 2:
MN initiated SN release is not triggered based on RRM measurements. 
For the MN initiated SN change, the main use case for this operation is that of load balancing between SN nodes.  Similar to the release case, an MN initiated SN change based on RRM measurements may conflict with SN triggered SN change, and having the two decisions points based on measurements supported in different nodes would be redundant.  For this reason, the MN only needs to ensure that the measurements of the SN are acceptable (i.e. above a threshold) in order to trigger the SN change, and comparison with measurements from other cells is not required.  The existing LTE event B1 is therefore sufficient for this case.     
Proposal 3:
The MN configures event B1 to trigger SN change (e.g. for load balancing).  No additional events are required for this case. 

In addition to NR node changes initiated by the MN, support for transition between LTE-LTE DC and EN-DC (and vice versa) should also be supported.  This can be achieved by  a release of the LTE SeNB followed by an addition of the NR SN.  A single step option where the SN node changes from LTE to NR or vice versa could also be discussed as a later enhancement (potentially in a future release).  In either case, however, the decision by the LTE MN requires a comparison between the measurements of a PSCell in one RAT with a neighbour cell of a different RAT.  
In LTE, events A3 and A5 were enhanced in Rel12 DC to allow the reference cell to be the PSCell by appropriate setting of “usePSCell” in the reporting configuration.  However, this option is not possible for B series events, which are defined for inter-RAT measurements.  If usePSCell is set to true the UE uses the PSCell as the reference cell for measurement (Mp) otherwise it uses PCell
Observation 1:
B-series events in LTE do not allow configuring a PSCell as the reference 

To address this issue, event B2 can be modified as was done for event Event A5 in DC:

	Modified Event B2
	PCell/PSCell becomes worse than absolute threshold1 AND Neighbor becomes better than another absolute threshold2


In doing so, a similar parameter “usePSCell” can be added to the ReportConfigInterRAT IE.
Proposal 4:
LTE event B2 is modified to indicate whether the measurement event should use PCell or PSCell as a reference cell for measurement comparison 

The above modification to event B2, is sufficient to handle a transition from LTE-LTE DC to EN-DC.  In this case the PSCell is LTE  and neighbour RAT is NR.  As seen in the message structure below, the network would configured b2-Threshold1 as Threshold EUTRA and b2-Threshold2 as ThresholdNR.    

However, the current event B2, as is, will not be sufficient to handle the transition from EN-DC to LTE-LTE DC, which we think should be supported in this Release.  

Observation 2:
Event B2 as is will not be sufficient to handle a transition from EN-DC to LTE-LTE DC 

In order to support such transition, we can introduce a new event or enhace event B2 to also handle this case.   We think for specification simplicity just modifying event B2 is a preferred way forward.  The main difference in this scenario is that the PSCell is a NR cell and the neighboring RAT is LTE.   Therefore, to re-use event B2, there are only two changes required:
1. b2-Threshold1 should also include Threshold NR (as the PSCell in case of EN-DC would be NR)
2. b2-Threshold2 should also include ThresholdEUTRA (as the neighboring RAT will be LTE)

               eventB2                           SEQUENCE {

                  b2-Threshold1                     ThresholdEUTRA,
                  b2-Threshold2                     CHOICE {

                      b2-Threshold2UTRA                 ThresholdUTRA,

                      b2-Threshold2GERAN                ThresholdGERAN,

                      b2-Threshold2CDMA2000              ThresholdCDMA2000

                  }

               },

Proposal 5:
Event B2 is used to support a change from EN-DC to LTE-DC

Proposal 5a:
To support EN-DC to LTE-DC transition, event B2 is slightly modified as follows: ThresholdNR is added to b2-Threshold1  (as the PSCell in case on EN-DC would be NR) and ThresholdEUTRA is added to b2-Threshold2 (as the neighboring RAT will be LTE)
3 Conclusion

In this contribution the following observations we made related to interRAT measurement events in LTE:
Observation 1:
B-series events in LTE do not allow configuring a PSCell as the reference 

Observation 2:
B-series events in LTE do not allow direct comparison between PCell/PSCell and neighbour cell.

Based on the above observations, the following conclusions have been made.
Proposal 1:
LTE inter-RAT measurement trigger event B2 for NR is supported to allow HO to NR cell (including NR serving cell)

Proposal 2:
MN initiated SN release is not triggered based on RRM measurements. 

Proposal 3:
The MN configures event B1 to trigger SN change (e.g. for load balancing).  No additional events are required for this case. 

Proposal 4:
LTE event B2 is modified to consider both PCell and PSCell becoming worse than threshold 1

Proposal 5:
Event B2 is used to support a change from EN-DC to LTE-DC

Proposal 5a:
To support EN-DC to LTE-DC transition, event B2 is slightly modified as follows: ThresholdNR is added to b2-Threshold1  (as the PSCell in case on EN-DC would be NR) and ThresholdEUTRA is added to b2-Threshold2 (as the neighboring RAT will be LTE)
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