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1 Introduction
In the scope of the R16 WI of DC and CA enhancement [1], the following objectives are listed.
	1. Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode

· The impacts on UE power consumption should be minimized

· The LTE Rel-15 euCA work should be utilized, when applicable

2. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode


Since the initial intention of introducing the early measurement into this WI is to enable SN addition based on IDLE mode measurement results, in order to speed up the SN addition procedure, in this contribution, we discuss the RAN2 impact to support this fast SN addition procedure, and give the stage 2 procedure.
2 Discussion
Based on the discussion in the contribution [2], where the IDLE early measurement for DC is discussed from the aspects of measurement configuration and reporting, the framework of IDLE measurement of LTE R15 euCA should be reused for R16 MR-DC and NR-NR DC, that is UE is configured with IDLE early measurement by RRC Release message (may combined with SI), and then UE report IDLE early measurement after AS security activation, e.g. via UE information request and response procedure. In the Figure 1 below, the stage 2 procedure of fast SN addition based on IDLE early measurement is give, including the following steps:

0. 
The UE is connected to MN and SN, with data transmission on MCG link and SCG link.  

1.
The MN decides to send the UE to RRC_IDLE.

2.
The MN triggers the MN initiated SN Release procedure.
3.
The MN sends RRCRelease/RRCConnectionRelease message to UE, with IDLE early measurement configuration.

4.
The UE perform IDLE early measurement based on network configuration.
5.
The UL data or DL paging trigger UE to initiate RRC connection setup procedure.
6.
The UE completes RRC connection setup and AS security activation.

7.
UE sends IDLE measurement results to MN.
8.
MN decides SN and triggers the SN addition procedure, during which MN sends the IDLE early measurement results to SN.
9.
MN sends RRCReconfiguration/RRCConectionReconfiguration message to UE to carry SN releated configuration.

10.
The UE access SN and then use SCG link for data transmission.
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Figure 1. Fast SN addition based on IDLE early measurement

During the above procedure, all the spec impact is listed as follows:

· In step 3, the network sends IDLE early measurement configuration carried in RRC(Connection)Release message during sending UE to RRC_IDLE state. There is RAN2 spec impact on TS 36.331 for E-UTRA RRC_IDLE state and on TS 38.331 for NR RRC_IDLE state. The detailed spec impact is given in [2].
· In step 4, the UE performs IDLE early measurement in RRC_IDLE state. There are RAN2 and RAN4 spec impact to define UE behaviour and requirement to perform IDLE measurement.

· In step 6, the UE sets up RRC Connection with the network, during this procedure, the UE should send an indication in RRC(ConnectionSetup)Complete is added to indicate availability of IDLE early measurement results. There is RAN2 spec impact to include the availability indication in RRC(ConnectionSetup)Complete. 
· In step 7, the UE sends IDLE Measurement result carried in UEInformationResponse message to the network, if the network request it in UEInformationRequest message. There are RAN2 impact to extend the current UE information procedure in both of TS 36.331 and TS 38.331.

· In step 8, the R15 X2/Xn SN addition procedure is used, which is MN sends SN addition request to MN carrying UE EPS bearer/PDU session information, UE capability, CG-ConfigInfo, and etc., and then SN sends SN addition request acknowledge message to MN carrying CG-Config and etc. The CG-Config is used to carry SN terminated PDCP and SCG configuration which will be sent to UE by MN. In this case, MN send SN addition request to SN, in the meantime, MN sends the IDLE measurement results carried in the inter-node message to provide information for SN to configure SCG. There may be RAN2 impact to carry IDLE measurement results carried in the inter-node message. But our view is that the current IE candidateCellInfoListMN carried in CG-ConfigInfo in TS 38.331 can be used to carry IDLE measurement results for (NG) EN-DC, NE-DC and NR-NR DC.
In [2], the support of IDLE measurement configuration and reporting is discussed and the detailed spec impact on TS 36.331 and TS 38.331 are given. Besides that, regarding inter-node message design to carry IDLE measurement results, we have the following proposal:
Proposal 1: Reuse candidateCellInfoListMN IE included in CG-ConfigInfo defined in TS 38.331 to carry IDLE measurement results sending from MN to SN.
In addition, the stage 2 SN addition procedure should be revised to reflect that network can do SN addition after receiving IDLE measurement results.
Proposal 2: Capture the use of IDLE early measurement in the stage 2 procedure of SN addition in TS37.340 (see annex)
3 Conclusion

In this paper, discuss the RAN2 impact to support this fast SN addition procedure, and give the stage 2 procedure, and have the following observation and proposal:

Proposal 1: Reuse candidateCellInfoListMN IE included in CG-ConfigInfo defined in TS 38.331 to carry IDLE measurement results sending from MN to SN.
Proposal 2: Capture the use of IDLE early measurement in the stage 2 procedure of SN addition in TS37.340 (see annex)
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5 Annex
10.2.1
EN-DC
The Secondary Node Addition procedure is initiated by the MN and is used to establish a UE context at the SN to provide resources from the SN to the UE. For bearers requiring SCG radio resources, this procedure is used to add at least the first cell of the SCG. This procedure can also be used to configure an SN terminated MCG bearer (where no SCG configuration is needed). Figure 10.2.1-1 shows the Secondary Node Addition procedure.
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Figure 10.2.1-1: Secondary Node Addition procedure

1.
The MN decides to request the SN to allocate resources for a specific E-RAB, indicating E-RAB characteristics (E-RAB parameters, TNL address information corresponding to bearer type). In addition, for bearers requiring SCG radio resources, MN indicates the requested SCG configuration information, including the entire UE capabilities and the UE capability coordination result. In this case, the MN also provides the latest measurement results obtained in RRC_CONNECTED or in RRC_IDLE for SN to choose and configure the SCG cell(s). The MN may request the SN to allocate radio resources for split SRB operation. The MN always provides all the needed security information to the SN (even if no SN terminated bearers are setup) to enable SRB3 to be setup based on SN decision. In case of bearer options that require X2-U resources between the MN and the SN, the MN provides X2-U TNL address information for the respective E-RAB, X2-U DL TNL address information for SN terminated bearers, X2-U UL TNL address information for MN terminated bearers. In case of SN terminated split bearers the MN provides the maximum QoS level that it can support. The SN may reject the request.

NOTE 1:
For split bearers, MCG and SCG resources may be requested of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MCG and the SCG together, or even more. For MN terminated split bearers, the MNs decision is reflected in step 1 by the E-RAB parameters signalled to the SN, which may differ from E-RAB parameters received over S1.
NOTE 2:
For a specific E-RAB, the MN may request the direct establishment of an SCG or a split bearer, i.e., without first having to establish an MCG bearer. It is also allowed that all E-RABs can be configured as SN terminated bearers, i.e. there is no E-RAB established as an MN terminated bearer.

2.
If the RRM entity in the SN is able to admit the resource request, it allocates respective radio resources and, dependent on the bearer option, respective transport network resources. For bearers requiring SCG radio resources, the SN triggers Random Access so that synchronisation of the SN radio resource configuration can be performed. The SN decides the Pscell and other SCG Scells and provides the new SCG radio resource configuration to the MN in a NR RRC configuration message contained in the SgNB Addition Request Acknowledge message. In case of bearer options that require X2-U resources between the MN and the SN, the SN provides X2-U TNL address information for the respective E-RAB, X2-U UL TNL address information for SN terminated bearers, X2-U DL TNL address information for MN terminated bearers. For SN terminated bearers, the SN provides the S1-U DL TNL address information for the respective E-RAB and security algorithm. If SCG radio resources have been requested, the SCG radio resource configuration is provided.

NOTE 3:
For the SN terminated split bearer option, the SN may either decide to request resources from the MN of such an amount, that the QoS for the respective E-RAB is guaranteed by the exact sum of resources provided by the MN and the SN together, or even more. The SNs decision is reflected in step 2 by the E-RAB parameters signalled to the MN, which may differ from E-RAB parameters received in step 1. The QoS level requested from the MN shall not exceed the level that the MN offered when setting up the split bearer in step 1.
NOTE 4:
In case of MN terminated bearers, transmission of user plane data may take place after step 2.
NOTE 5:
In case of SN terminated bearers , data forwarding and the SN Status Transfer may take place after step 2.

3.
The MN sends to the UE the RRCConnectionReconfiguration message including the NR RRC configuration message, without modifying it.

4.
The UE applies the new configuration and replies to MN with RRCConnectionReconfigurationComplete message, including a NR RRC response message, if needed. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

5.
The MN informs the SN that the UE has completed the reconfiguration procedure successfully via SgNB ReconfigurationComplete message, including the encoded NR RRC response message, if received from the UE.

6.
If configured with bearers requiring SCG radio resources, the UE performs synchronisation towards the PSCell of the SN. The order the UE sends the RRCConnectionReconfigurationComplete message and performs the Random Access procedure towards the SCG is not defined. The successful RA procedure towards the SCG is not required for a successful completion of the RRC Connection Reconfiguration procedure.

7.
In case of SN terminated bearers using RLC AM, the MN sends SN Status Transfer.

8.
In case of SN terminated bearers using RLC AM, and dependent on the bearer characteristics of the respective E-RAB, the MN may take actions to minimise service interruption due to activation of EN-DC (Data forwarding).

9-12.
For SN terminated bearers, the update of the UP path towards the EPC is performed.

10.2.2
MR-DC with 5GC

The Secondary Node (SN) Addition procedure is initiated by the MN and is used to establish a UE context at the SN in order to provide resources from the SN to the UE. For bearers requiring SCG radio resources, this procedure is used to add at least the initial SCG serving cell of the SCG. This procedure can also be used to configure an SN terminated MCG bearer (where no SCG configuration is needed). Figure 10.2.2-1 shows the SN Addition procedure.
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Figure 10.2.2-1: SN Addition procedure

1.
The MN decides to request the target SN to allocate resources for one or more specific PDU Sessions/QoS Flows, indicating QoS Flows characteristics (QoS Flow Level QoS parameters, PDU session level TNL address information, and PDU session level Network Slice info). In addition, for bearers requiring SCG radio resources, MN indicates the requested SCG configuration information, including the entire UE capabilities and the UE capability coordination result. In this case, the MN also provides the latest measurement results obtained in RRC_CONNECTED, RRC_INACTIVE or in RRC_IDLE for SN to choose and configure the SCG cell(s). The MN may request the SN to allocate radio resources for split SRB operation. The MN always provides all the needed security information to the SN (even if no SN terminated bearers are setup) to enable SRB3 to be setup based on SN decision.

For MN terminated bearer options that require Xn-U resources between the MN and the SN, the MN provides Xn-U UL TNL address information. For SN terminated bearers, the MN provides a list of available DRB IDs. The S-NG-RAN node shall store this information and use it when establishing SN terminated bearers. The SN may reject the request.


For SN terminated bearer options that require Xn-U resources between the MN and the SN, the MN provides in step 1 a list of QoS flows per PDU Sessions for which SCG resources are requested to be setup upon which the SN decides how to map QoS flows to DRB.
NOTE 1:
For split bearers, MCG and SCG resources may be requested of such an amount, that the QoS for the respective QoS Flow is guaranteed by the exact sum of resources provided by the MCG and the SCG together, or even more. For MN terminated split bearers, the MN decision is reflected in step 1 by the QoS Flow parameters signalled to the SN, which may differ from QoS Flow parameters received over NG.
NOTE 2:
For a specific QoS flow, the MN may request the direct establishment of SCG and/or split bearers, i.e. without first having to establish MCG bearers. It is also allowed that all QoS flows can be mapped to SN terminated bearers, i.e. there is no QoS flow mapped to an MN terminated bearer.

2.
If the RRM entity in the SN is able to admit the resource request, it allocates respective radio resources and, dependent on the bearer type options, respective transport network resources. For bearers requiring SCG radio resources the SN triggers UE Random Access so that synchronisation of the SN radio resource configuration can be performed. The SN decides for the PScell and other SCG Scells and provides the new SCG radio resource configuration to the MN in a SN RRC configuration message contained in the SN Addition Request Acknowledge message. In case of bearer options that require Xn-U resources between the MN and the SN, the SN provides Xn-U TNL address information for the respective DRB, Xn-U UL TNL address information for SN terminated bearers, Xn-U DL TNL address information for MN terminated bearers. For SN terminated bearers, the SN provides the NG-U DL TNL address information for the respective PDU Session and security algorithm. If SCG radio resources have been requested, the SCG radio resource configuration is provided.
NOTE 3:
In case of MN terminated bearers, transmission of user plane data may take place after step 2.
NOTE 4:
In case of SN terminated bearers, data forwarding and the SN Status Transfer may take place after step 2.

NOTE 5:
For MN terminated NR SCG bearers for which PDCP duplication with CA is configured the MN allocates 2 separate Xn-U bearers.


For SN terminated NR MCG bearers for which PDCP duplication with CA is configured the SN allocates 2 separate Xn-U bearers.
2a.
For SN terminated bearers using MCG resources, the MN provides Xn-U DL TNL address information in the Xn-U Address Indication message.

3.
The MN sends the MN RRC reconfiguration message to the UE including the SN RRC configuration message, without modifying it.
4.
The UE applies the new configuration and replies to MN with MN RRC reconfiguration complete message, including a SN RRC response message for SN, if needed. In case the UE is unable to comply with (part of) the configuration included in the MN RRC reconfiguration message, it performs the reconfiguration failure procedure.

5.
The MN informs the SN that the UE has completed the reconfiguration procedure successfully via SN Reconfiguration Complete message, including the encoded SN RRC response message, if received from the UE.
6.
If configured with bearers requiring SCG radio resources, the UE performs synchronisation towards the PSCell configured by the SN. The order the UE sends the MN RRC reconfiguration complete message and performs the Random Access procedure towards the SCG is not defined. The successful RA procedure towards the SCG is not required for a successful completion of the RRC Connection Reconfiguration procedure.

7.
In case of SN terminated bearers using RLC AM, the MN sends SN Status Transfer.

8.
In case of SN terminated bearers using RLC AM, and dependent on the bearer characteristics of the respective QoS Flows, the MN may take actions to minimise service interruption due to activation of MR-DC (Data forwarding).

9-12.
For SN terminated bearers, the update of the UP path towards the 5GC is performed via PDU Session Path Update procedure.
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