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1. Introduction

The EN-DC is supported in R15 NR, but the other MR-DC modes are dropped due to the time in R15. For EN-DC and NG EN-DC, the CN will be 5GC and it will be supported in R15 too.
In R15 NR, the RRC_INACTIVE state is introduced and defined. In RRC_INACTIVE, the last serving gNB node keeps the UE context and the UE-associated NG connection with the serving AMF and UPF. If the last serving gNB receives DL data from the UPF or DL signalling from the AMF, it pages the UE in the corresponding RNA.
In eLTE, the RRC_INACTIVE state is also supported in R15 eLTE.

In previous RAN2 meeting, we discussed the supporting of DC with inactive state.
In RAN2#99 meeting, RAN 2 agreed that MR-DC and NR-DC UE will not support to resume the DC configuration.

For MR-DC and NR-DC we will not support that the UE can resume the DC configuration after the UE returns from suspended/inactive in Rel-15.
In RAN2#101 meeting, RAN2 agreed that inter-RAT re-selection from NR INACTIVE to an LTE/5GC cell is not supported.

Agreement

1: 
Inter-RAT re-selection from NR INACTIVE to an LTE/5GC cell, UE moves to Idle and informs NAS to trigger NAS recovery.

RAN2#100, RAN2 agreed that UE releases the lower layer SCG configuration at RRC re-establishment while the DRB configuration is kept for EN-DC.
Agreements

1
For re-establishment in LTE, UE releases the lower layer SCG configuration (i.e. nr-secondaryCellGroupConfig) at RRC re-establishment while the DRB configuration (incl. the NR PDCP configuration received in radioBearerConfig) is kept.

In RAN2#103 meeting, there is an email discussion “[103#50][NR late drop] MR-DC configuration in INACTIVE [Interdigital]” and discuss the supporting of INACTIVE for MR-DC and what is kind of configuration should be kept. The email discussion also mentions that “For EN-DC, implicitly releasing the lower-layer SCG configuration was acceptable as there would never be data arriving at a bearer configured with an SCG leg. For a UE in RRC_INACTIVE where data can be sent to the SN, handling of the lower-layer SCG configuration should be discussed.” So we also propose INACTIVE state is supported for MR-DC with 5GC due to both MN and SN will support inactive state. It also means that both MN and SN will store the UE context.
In RAN2#103bis meeting, RAN2 greed:
Agreements

1:
For NE-DC, NGEN-DC, and NR-DC, the UE stores the PDCP/SDAP configuration when moving to INACTIVE.  When resuming, the UE applies the stored PDCP/SDAP configuration as in NR SA/LTE.

2
A UE releases its lower-layer SCG configuration in RRC_INACTIVE
3
RAN2 understand that discussion on keeping the lower layer SCG configuration in Inactive would fit within the existing scope of the DC/CA enhancements WI

4
RAN2 understand that before suspend or in the resume message, the network should reconfigure any SCG only bearers so that at completion of the resume the UE is not left with any DRB without any RLC bearer (may not need to be captured in the specification)

In this paper, we discuss the issues of the INACTIVE in MR-DC based on the assumption that the INACTIVE is supported for MR-DC and working assumption is the MN and SN will store the UE context and also keep the CP and UP connection with CN for the UE.
Proposal 1: the INACTIVE is supported for MR-DC and both MN and SN will store the UE context and also keep the CP and UP connection with CN for the UE.

2. Discussion

2.1 INACTIVE configuration and RAN paging procedure for MR-DC 
If INACTIVE is supported for MR-DC, we think there are 5 issues should be confirmed.
Issue 1: INACTIVE state decision
RAN2 once agreed that it is up to network decision to make the UE goes to inactive state. For MR-DC, it is not clear that which node will make the decision to make the UE goes to inactive state. However, it is reasonable that the network make the decision base on the assumption that both MN and SN have no data transition and reception. For DL data transition, the MN will only know the data transition status for the MN terminated MCG bearer and SN will not know the data transition status for the SN terminated SCG bearer. For the UL data reception, the MN can only know UL data reception based on the BSR reported by the UE for the LCG configured by the MN and the SN can only know UL data reception based on the BSR reported by the UE for the LCG configured by the SN. So the MN and SN should negotiate the decision when to make the UE goes to inactive state. When the network make the UE goes to inactive state, the network will configure the NCC and only MN know the NCC. So it is better MN to make the last decision and send the suspend kind of message to the UE.
Proposal 2: MN and SN should negotiate the decision when to make the UE goes to inactive state.

Proposal 3: MN will make the final decision and send the suspend kind of message to the UE.

Issue 2: the negotiation of suspend configuration between MN and SN
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The suspend configuration includes the RNA, I-RNTI, RAN DRX cycle, periodical RNAU timer and NCC. It is reasonable MN determine the I-RNTI and NCC because the MN has the control plane with AMF. For RAN DRX cycle and periodical RNAU timer, it is not clear MN or SN decides them. But considering reducing the network complexity, the MN can do that without SN involved. For the RNA configuration, the MN and SN should determine the RNA together especially for the DC involved two RATs. For NGEN-DC and NE-DC, the RNA can include both LTE based area and NR based area configured by the MN and SN. In order to make the RNA clear and UE can know it is LTE based area or NR based area, it is better to include the RAT indication in the RNA.
Proposal 4: the negotiation of suspend configuration between MN and SN is needed at least for the RNA configuration.

Proposal 5: RNA includes the RAT indication for NGEN-DC and NE-DC.

Issue 3: if the SN can trigger the RAN initiated paging.
For MR-DC with INACTIVE state, there are 6 cases will trigger the RRC resume procedure.

Case 1: the DL data arrives in the MN side.

Case 2: the DL data arrives in the SN side.

Case 3: the UL data arrives for MN side.

Case 4: the UL data arrives for SN side.

Case 5: the UE goes out of the RNA.

Case 6: RNAU timer expires.

For case 3,4,5,6, the UE will initiate the RRC Resume procedure. For case 1, the MN will trigger RAN initiated paging. For case 2, how to trigger the RAN initiated paging is not clear. There are 3 options to handling this case.
Option 1: the SN informs MN for the DL data arrival issue and MN trigger the RAN initiated paging. 

Option 2: the SN triggers the RAN initiated paging directly.
Option 3: the SN triggers the RAN initiated paging in SN configured RNA and inform MN to trigger the RAN initiated paging in MN configured RNA.
In order to reduce the delay for the RRC connection resume, we prefer SN can trigger the RAN initiated paging. 

Proposal 6: option 3 is proposed.

Issue 4: if it is necessary to introduce an extra I-RNTI allocated by the SN.

If INACTIVE is supported for the DC mode, both MN and SN will store the UE context. For non-DC case, the MN will allocate I-RNTI to address the UE context and MN node for the UE in RRC_INACTIVE state. For DC case, it is not clear if the SN should allocate one I-RNTI for the UE to address the UE context in SN side. If SN can trigger the RAN initiated paging, it seems it is better to allocate the I-RNTI by SN and SN can use the I-RNTI allocated by the SN in the RAN initiated paging message.
Proposal 7: RAN2 is kindly to discuss the necessary to introduce an extra I-RNTI allocated by the SN.

2.2 RRC resume procedure for MR-DC
Issue 5: how to configure the SN during the RRC Resume procedure
In EN-DC, the blind SN addition is supported. However, it is not clear how to configure the SN during the RRC resume procedure for MR-DC. The message 4 will be used to resume or configure the SN configuration. However, the measurement results are not available for the target MN. If the bind SN addition is applied, the SN may not good enough for the UE. The RACH procedure to new SN may fail and result in SCG failure. The SN reconfiguration will be triggered. If DL data arrives in the SN side, then the bind SN addition may delay the RRC connection resume and data transmission. So the SN addition during the RRC resume procedure should be considered. We know that “Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA.” is one object for R16 DC/CA WI. We think the other information can provide to the target MN to aid the MN decide the right SN as fast as it can.
Option 1: the target MN can configure a list of SN configuration blindly in MSG4 and the UE can pick one SN in the SN list according to the UE measurement locally and inform the SN selection in MSG5. 
Option 2: the target MN configures SN blindly and the UE can inform MN that the SN is not good enough based on the measurement results locally and UE evaluation or network configured threshold. If the UE evaluate the configured SN is not feasible then the SN will inform the MN the issue in MSG5. If the UE indicates “NO”, then the SN configuration will be released locally in the UE side without any explicit signalling. The network will release the SN configuration if the MSG 5 includes the “NO” indication. It also means the RRC connection is resumed in non-DC mode.
For option 1, there is a little UE impact and the UE should pick one SN from the MN list. The network will evaluate and prepare all the possible SN and release all the SNs not selected by the UE. 

For option 2, it can inform MN about the SN issue as soon as possible. But it may introduce RRC reconfiguration procedure for new SN.

Proposal 8: consider the delay the RRC connection resume and data transmission especially for the DL data arrival in the SN side, the target MN can configure a list of SN configuration blindly in MSG4 and the UE can pick one SN in the SN list according to the UE measurement locally and inform the SN selection in MSG5.
3. Conclusions:

In this paper, we discuss the supporting of the INACTIVE state in MR-DC with 5GC, we propose:

Proposal 1: the INACTIVE is supported for MR-DC and both MN and SN will store the UE context and also keep the CP and UP connection with CN for the UE.

Proposal 2: MN and SN should negotiate the decision when to make the UE goes to inactive state.

Proposal 3: MN will make the final decision and send the suspend kind of message to the UE.

Proposal 4: the negotiation of suspend configuration between MN and SN is needed at least for the RNA configuration.

Proposal 5: RNA includes the RAT indication for NGEN-DC and NE-DC.

Option 1: the SN informs MN for the DL data arrival issue and MN trigger the RAN initiated paging. 

Option 2: the SN triggers the RAN initiated paging directly.

Option 3: the SN triggers the RAN initiated paging in SN configured RNA and inform MN to trigger the RAN initiated paging in MN configured RNA.

Proposal 6: option 3 is proposed.

Proposal 7: RAN2 is kindly to discuss the necessary to introduce an extra I-RNTI allocated by the SN.

Proposal 8: consider the delay the RRC connection resume and data transmission especially for the DL data arrival in the SN side, the target MN can configure a list of SN configuration blindly in MSG4 and the UE can pick one SN in the SN list according to the UE measurement locally and inform the SN selection in MSG5.
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