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1
Introduction
In the email discussion [107bis#84], RAN2 discussed the MDT in MR-DC. In the email discussion [107bis#85], RAN2 discussed the mobility history reporting. In this contribution, we will further discuss the logged MDT and mobility history in MR-DC.
2
Discussion
2.1
Logged MDT
In the email discussion, most companies think the EN-DC should be prioritized for Rel-16. We also agree with it. We also think the objective of WI includes the specification of MDT for NR-DC and EN-DC scenario.Therefore we think RAN2 also need to consider the NR-DC.

	· Support of MDT features for identified use cases, including coverage optimization, QoS verification via MDT, indoor MDT improvement, location information reporting, and sensor data collection [RAN2, RAN3]

· Specification of Logged MDT for both RRC_IDLE and RRC_INACTIVE UEs [RAN2, RAN3, RAN4] 
· Specification of Immediate MDT for RRC_CONNECTED UEs[RAN2, RAN3]
· Specification of reporting e.g. RLF and accessibility measurements [RAN2, RAN4] 
· Specification of MDT for standalone, NR-DC and EN-DC scenario including CU-DU split architecture [RAN2, RAN3]
· NOTE: NE-DC and NGEN-DC scenarios may be supported if the specifications above cover those without any additional stage 3 specification effort, but W1 specification work for MDT is not included in this WID.



For the signalling based logged MDT, only the MN will receive the MDT configuration from the CN. In EN-DC, the UE cannot camp on the NR cells. Therefore the SN does not need to configure the logged MDT. Some companies think the logged MDT configuration from SN is beneficial for UE during inter RAT reselection. We do not see large benefit in this case. If the network supports NR SA, the NR node can configure the logged MDT when the UE enters the RRC_CONNECTED in NR. Also it will increase the complexity of UE and the network. In NR-DC, the MN and SN belong to the same RAT. The MN can directly configure the signalling based logged MDT. The MN does not need to send the signalling based MDT configuration to the SN and the signalling based logged MDT configuration from the CN does not need to include the MDT configuration for the SN.

Observation 1: For the signalling based logged MDT in NR-DC and EN-DC, the SN does not need send the logged MDT to the UE.
For the management based logged MDT, the SN can receive the logged MDT configuration from the OAM. Also we think the node should configure the MDT according to its configuration received from the OAM. Therefore the MN does not need to send the management based logged MDT configuration to the SN. In NR-DC,the SN can select and configure the logged MDT according to the configuration received from the OAM. In EN-DC, the UE cannot camp on the NR cells. Same to the above discussion in the signalling based logged MDT, the SN does not need to configure the logged MDT.

Observation 2: For the management based logged MDT in NR-DC, the SN selects the UE to configure the logged MDT according to the configuration received from OAM. For the management based logged MDT in EN-DC, the SN does not receive the configuration from OAM and the SN does not configure the logged MDT for the UE.
In LTE, there is only one RAT-specific logged measurement configuration for Logged MDT in the UE. When the network provides a configuration, any previously configured logged measurement configuration will be entirely replaced by the new one. Moreover, logged measurements corresponding to the previous configuration will be cleared at the same time. It is left up to the network to retrieve any relevant data before providing a new configuration.

In our understanding, the motivation of mechanism is to reduce the memory requirement of UE. In order to reduce the memory requirements of UE, the NR also only have one logged MDT configuration in MR-DC scenario.

Proposal 1: There is only one logged measurement configuration for Logged MDT in the UE. When the network provides a configuration from MN or SN, any previously configured logged measurement configuration will be entirely replaced by the new one.
If both MN and SN send the logged MDT configuration to the UE, the UE will discard one configuration. In NR-DC, there is one interface between MN and SN and there are inter-node messages between MN and SN. In order to avoid that the UE receives two logged MDT configurations from MN and SN at the same time, it may need some co-ordinations between MN and SN.

Observation 3: For the management based logged MDT in NR-DC, the co-ordination on the logged MDT configuration between MN and SN is needed in NR-DC.
In LTE, the coverage use cases include the coverage mapping of Scell in CA scenario. Scell may be deployed in area where high traffic occurs. The location where a Scell is available to be added may show whether the deployment of Scell is according to the needs of capacity increase. In NR, the operators may want to know the coverage of NR. The reason is that the deployment of SN cell is related to capacity expansion and network planning. Also the operators want to know the coverage of NR SA before deploying the NR SA. Therefore RAN2 may need to consider how to collect the coverage of NR in EN-DC. 
In NSA, both the MN and SN can configure the immediate MDT measurement. In general, the network will configure the UE to be in MR-DC when the quality of SN is above one threshold. Therefore the NR SA coverage is different from the MR-DC coverage (as shown in Figure 1). Therefore the operators cannot get the coverage of NR SA. 
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Figure 1: Different coverage of EN-DC and NR SA 
In LTE, the network configures the logged MDT measurement via RRC messages. The UE logs the measurement results of serving cell and the available measurement results of inter-RAT neighbouring cells when UE camps on the LTE cells. In R15, UE cannot camp on the NR cell in NSA. Therefore UE will not perform the logged MDT configuration from SN. In our understanding, the MN can configure the logged MDT measurement of SN and the UE can measure the NR cells like the early measurement reporting. Then the operator can get more data about the coverage of SN and get the coverage of NR SA. In R15, if the UE supports the NR SA, the UE can support the measurement of the NR cells in RRC_IDLE. Therefore in EN-DC, the LTE can broadcast the SIB24. Then these UE will measure the NR cells during the cell re-selection and record the results. But the NR cells will only broadcast the MIB and mini SIB1. Therefore the UE will not reselect to the NR cells. It will not increase complexity of UE and the network. Also in R16, RAN2 has supported the early measurement. In the early measurement, the UE will measure the NR cells in the RRC_IDLE/RRC_INACTIVE. Therefore we think it will not increase the complexity of UE if the UE measures and records the NR cells. Therefore we think the MN can configure the UE to record the NR cells in EN-DC. In the last meeting, RAN2 has agreed to introduce the recording frequencies in the area scope. In our understanding, the network can configure the NR frequencies to reduce the measurement and recording of the UE. 
Proposal 2: In EN-DC, the MN can configure the UE to collect the coverage of NR. The logged configuration from MN includes the frequencies of NR.

2.2
Mobility history 
In LTE, RAN2 introduced the mobility history information stored by UE in the WI HetNet_eMob_LTE-Core. The motivation is that the network can estimate UE mobility when the UE establishes an RRC connection and then set optimum parameters for handover measurements. For example, for fast UEs, the network can make the UE stay on a macro cell layer rather than attempting to handover to a small cell layer. It will also reduce the signalling overhead for mobility and reduce the mobility failure. Also the network can set an optimum parameters (e.g. timeToTrigger) for handover measurements. 

As discussed in the above, the network can use the mobility history information to optimize the parameters of handover measurements. In MR-DC, both the MN and SN can configure the measurement configuration and trigger the PSCell change. In our understanding, the SN also can optimize the measurement configuration (e.g. timeToTrigger) based on the mobility history information. In LTE, upon the change of cell, consisting of PCell in RRC_CONNECTED or serving cell in RRC_IDLE, to another E-UTRA or inter-RAT cell or when entering out of service, the UE records the cell identity of the previous PCell/serving cell and the time spent in these cells. The UE does not record the change of PSCell. In MR-DC, the coverage sizes of the MN and SN are different and the SN does not know the coverage of MN (as shown in Figure 2). Therefore the SN cannot estimate the UE mobility (e.g. the speed) based on the mobility history information of MN. For the mobility state, the UE estimates it based on the number of cell reselections during one time period. The SN also cannot use it to estimate the UE mobility. 
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Figure 2  SN cannot estimate the UE mobility
In R15 MR-DC, the PSCell is decided by the SN. Also the SN can trigger the PSCell change. The MN does not know the cell id of PSCell. Therefore the MN cannot collect the PSCell change information. If the SN inform the MN of the PSCell cell id, it will increase the interaction message between MN and SN.

As we known, the UE knows the change of PSCell when the UE is in MR-DC. Therefore UE can record the change information of PSCell and sends the change information of PSCell to the network when the UE enters the RRC connected in the next time. 
In the email discussion, there are three method on how to report the PSCell information.

	If your answer for Question 1-6 is “yes”, the next question is that what the UE behaviour is if PSCell changes info is collected by UE. Maybe both MN and SN want to know the PSCell changes info.

· the MN to know the PSCell changes in addition to the PCell changes 
· the SN to know the PSCell changes;

Method1: The UE collects mobility history information on PSCell changes and reports to the MN in MR-DC scenario;

Method2: The UE reports the mobility history information including PSCell and PCell changes directly to the SN;

Method3: Information of one PSCell is placed within the information of the PCell, i.e. the UE records the relation between PCell and PSCell and sends to the MN, and then MN sends the information to SN.


In R15, both MN and SN can configure the measurement for the SN frequencies and trigger the SN change. Therefore we think both MN and SN want to know the PSCell change information. In our understanding, the change information of PSCell includes the cell id of previous PSCell and time spent in the previous PSCell. Then the SN can estimate the UE mobility in the RAT of SN. Also as we known, the network may release the SN (as shown in Figure 3). In our understanding, the node need use the continuous information to estimate the UE mobility state. Otherwise the estimation is not correct because the network may estimate the UE mobility based on two PSCells which are discontinuous in the mobility history. Therefore the change of PSCell should include the release of SN. In our understanding, because the UE will record the PCell change and PScell change. It is straightforward that information of one PSCell is placed within the information of the PCell, i.e. the UE records the relation between PCell and PSCell. Then the network can know change of the PSCell including the release of PSCell. As discussed in the above, there are some benefits for both MN and SN to know the history information. Therefore the UE can report the history information to the MN, then MN can forward the information to the SN.
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Figure 3  SN is released 
For example, the PCell change information and PSCell change information are recorded as below:

-- ASN1START

VisitedCellInfoList ::=
SEQUENCE (SIZE (1..maxCellHistory)) OF VisitedCellInfo
VisitedCellInfo ::=



SEQUENCE {


visitedCellIdInfo



VisitedCellIdInfo
OPTIONAL,


timeSpent





INTEGER (0..4095),


...

}
VisitedCellIdInfo ::=



SEQUENCE {

visitedCellIdNR




VisitedCellIdNR
,


visitedPSCellIdInfoListNR

VisitedPSCellIdInfoListNR
OPTIONAL,


...

}
VisitedCellIdNR::=




CHOICE {


cellGlobalId





CellGlobalIdNR,


pci-arfcn






SEQUENCE {



physCellId






PhysCellId,



carrierFreq






ARFCN-ValueNR

}

}
VisitedPSCellIdInfoListNR::=

SEQUENCE (SIZE (1..maxPSCellHistory)) OF VisitedPSCellIdInfoNR
VisitedPSCellIdInfoNR::= 


SEQUENCE {

visitedPSCellIdNR




VisitedCellIdNR
,


timeSpentPSCell





INTEGER (0..4095)
}
CellGlobalIdNR ::=



SEQUENCE {

plmn-Identity                       PLMN-Identity


cellIdentity                        CellIdentity,

}

-- ASN1STOP

Proposal 3: The mobility history information includes the change of PSCell. Information of one PSCell is placed within the information of the PCell. UE report the whole history information to the MN, then MN forwards the information to SN.

In LTE, the UE can report the mobility state and the mobility history available indication in the RRCConnectionSetupComplete/RRCConnectionResumeComplete message. 
In NR, the re-establishment without UE context is supported from Release-15. If there is no UE context in target gNB, the target gNB will initiate the RETRIEVE UE CONTEXT procedure to fetch the UE context from the previous serving gNB. In our understanding, the target gNB in the re-establishment case can use the mobility history information as in the handover.

There are two approaches to address the issue:

· Alt1: add the mobilityHistoryAvail indicator in RRC re-establishment complete message in RAN2. Then the target gNB initiates the UE Information Request procedure to get the history information from the UE.

· Alt2: add the history information in the RETRIEVE UE CONTEXT RESPONSE message in RAN3.

With Alt1, one additional procedure, i.e., UE Information Request procedure is needed, which consumes more radio resource. Therefore, we prefer to Alt2. 
Proposal 4:  As an enhancement, it is proposed RAN2 to discuss the history information achievement in the re-establishment case.
For our proposals, if they are agreeable, we propose to send a LS to RAN3.

Proposal 5: It is proposed RAN2 to send a LS to RAN3 about RAN2 agreements.
3
Conclusions
In this paper, we have discussed the remaining aspects on logged MDT and mobility history in MR-DC, and it is proposed:
Observation 1: For the signalling based logged MDT in NR-DC and EN-DC, the SN does not need send the logged MDT to the UE.
Observation 2: For the management based logged MDT in NR-DC, the SN selects the UE to configure the logged MDT according to the configuration received from OAM. For the management based logged MDT in EN-DC, the SN does not receive the configuration from OAM and the SN does not configure the logged MDT for the UE.
Observation 3: For the management based logged MDT in NR-DC, the co-ordination on the logged MDT configuration between MN and SN is needed in NR-DC.
We have the following proposals:

Proposal 1: There is only one logged measurement configuration for Logged MDT in the UE. When the network provides a configuration from MN or SN, any previously configured logged measurement configuration will be entirely replaced by the new one.
Proposal 2: In EN-DC, the MN can configure the UE to collect the coverage of NR. The logged configuration from MN includes the frequencies of NR.

Proposal 3: The mobility history information includes the change of PSCell. Information of one PSCell is placed within the information of the PCell. UE report the whole history information to the MN, then MN forwards the information to SN.

Proposal 4:  As an enhancement, it is proposed RAN2 to discuss the history information achievement in the re-establishment case.
Proposal 5: It is proposed RAN2 to send a LS to RAN3 about RAN2 agreements.
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