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1. Introduction

In R15 NR, RRC_INACTIVE state is introduced. In RRC_INACTIVE, the last serving gNB keeps the UE context and the UE-associated NG connection to 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, RRC_INACTIVE state is also supported in R15.

In previous RAN2 meetings, inactive state support in DC was discussed.
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

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

In 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, one email discussion “[103#50] [NR late drop] MR-DC configuration in INACTIVE [Interdigital]” was used to discuss INACTIVE support for MR-DC and which DC configurations should be kept during inactive state. The email discussion also mentioned 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.” 
We also propose INACTIVE state should be supported for MR-DC with 5GC because both MN and SN already support inactive state. This also implies that both MN and SN should store the UE context.
In RAN2#103bis meeting, RAN2 had the following agreements:
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 open issues of supporting INACTIVE in MR-DC based on and the following working assumption:

Working Assumption: 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 
RAN2 agreed that it is up to network decision to make the UE enter inactive state. For MR-DC, it is not clear that which node will make such decision. However, it is reasonable that the network makes the decision based on no data activity on both MN and SN. MN or SN only knows the data activities on its own side. So MN and SN should negotiate the decision when configuring the UE to inactive state. For inactive state configuration, the network needs to configure NCC and only MN has this knowledge. In that sense, it is reasonable to allow MN to make the decision and send the suspend message to the UE. In RAN3, the solution was introduced (in)activity reporting from the secondary RAN node to the master, which can be used for the transition to inactive state and the transition to connected state. It’s agreed that some message would include the information called Desired Activity Notification Level. SN will inform MN about (in)activity reporting in ACTIVITY NOTIFICATION message.
Text quoted from 38.423 as:

“Upon receiving an S-NODE ADDITION REQUEST message containing the Desired Activity Notification Level IE, the S-NG-RAN node shall, if supported, use this information to decide whether to trigger subsequent Activation Notification procedures according to the requested notification level.”
Proposal 1: MN should make the decision and send the suspend message to the UE to enter inactive state.
RAN2 also agreed that “In MR-DC with 5GC, the UE stores the PDCP/SDAP configuration when moving to RRC Inactive, but it releases the SCG configuration.” However, it is not clear how to configure the RNA configuration for UE with MR-DC configuration.
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In SA RRC_INACTIVE, the anchor gNB will decide and configure RAN level parameters due to it is the only node to serve the UE. However, for MR-DC, there can be two serving RATs including MN RAT and SN RAT. It is obvious that the MN will configure the suspend configurations via RRC, but it is not clear which node can decide the parameters of suspend configurations. It’s also not clear if coordination is needed between MN and SN. The suspend configurations may include RNA, I-RNTI, RAN DRX cycle, periodical RNAU timer, and NCC. In our understanding, RNA and RNAU timer are related to UE mobility during inactive state, and thus could involve some level of MN-SN negotiation.
There are two options on suspend configurations.
Option 1: there is no coordination between MN and SN on suspend configuration and MN will the decide.
Option 2: negotiation is required between MN and SN on some or all suspend configurations (e.g. RNA and RNAU timer).
In our view, due to the concern of network and UE complexity, it makes sense we should go for Option 1 in Rel-15. That is, MN to make the sole decision.
Proposal 2: RAN2 to confirm that the suspend configurations are determined and configured by MN only in Rel-15.
Proposal 3: negotiation between MN and SN on some suspend configurations (e.g. RNA and RNAU timer) can be studied in R16 CA/DC enhancement WI.
2.2 RRC resume procedure for MR-DC

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. But the simple solution is the SN will notify the MN about the DL data arrives in the SN side and trigger the MN to initiate the RAN initiated paging. However, if the suspend configuration is agreed that the SN can also determine the RNA configuration as discussed above, then it is possible for SN to initial RAN initiate paging and it can reduce the delay of the RRC resume.
There are 2 options to handling case 2.

Option 1: SN informs MN for the DL data arrival, and MN triggers RAN paging. 

Option 2: SN triggers RAN paging in SN configured RNA directly and inform MN to trigger the RAN initiated paging in MN configured RNA.
Similar to the discussion in Section 2.1, option 2 evolves intensive study and specification work in 3GPP. There are also many open issues related to inter-RAT coordination and RAN paging monitoring. Therefore, we do not recommend Option 2 in Rel-15.
Proposal 4: only MN can initial RAN paging in Rel-15.

Proposal 5: possible enhancements in Option 2 can be further studied in R16 CA/DC enhancement.
In SA RRC_INACTIVE state, RAN2 agreed that the UE will go to idle after reselection to another (non-serving) RAT. In MR-DC, both MN RAT and SN RAT are serving RAT. It is not clear if the UE will go to idle when UE reselects to SN RAT. For MR-DC, both MN RAT and SN RAT are serving RAT for the UE and the UE can trigger an RRC resume procedure to SN RAT and find the anchor MN and anchor SN. It is beneficial for the UE stay RRC_INACTIVE state when reselect to in RAT.

So there are 2 options for the UE behaviour with MR-DC when perform cell reselection to other RAT in RRC_INACTIVE state.

Option 1: the UE will stay RRC_INACTIVE state when UE reselect to SN RAT.

Option 2: the UE will go to RRC_IDLE state when UE reselect to other RAT including SN RAT.

Proposal 6: the RRC_INACTIVE UE with MR_DC will go to idle when UE reselects to non-MN RAT.

Proposal 7: the RRC_INACTIVE UE with MR_DC will stay RRC_INACTIVE state when UE reselects to SN RAT can be studied in R16 CA/DC enhancement.
If INACTIVE is supported for the DC mode, both MN and SN will store the UE context. RAN2 also agreed that “In MR-DC with 5GC, the UE stores the PDCP/SDAP configuration when moving to RRC Inactive but it releases the SCG configuration.” For NE-DC case, the NR coverage will be hotspot coverage, and it is hard to configure one widely RNA for the UE. So it is better to configure RNA with NR coverage and LTE coverage. And it is also better to allow the UE resume toward to a SN RAT. Furthermore, if the UE resume to SN RAT is allowed, it also can push the UE resume the RRC connection quickly.
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 8: UE resume toward SN RAT can be further studied in R16 CA/DC enhancement.
3. Conclusions:

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

Working Assumption: MN and SN will store the UE context and also keep the CP and UP connection with CN for the UE.
Proposal 1: MN should make the decision and send the suspend message to the UE to enter inactive state.
Proposal 2: RAN2 to confirm that the suspend configurations are determined and configured by MN only in Rel-15.

Proposal 3: negotiation between MN and SN on some suspend configurations (e.g. RNA and RNAU timer) can be studied in R16 CA/DC enhancement WI.

Proposal 4: only MN can initial RAN paging in Rel-15.

Proposal 5: possible enhancements in Option 2 can be further studied in R16 CA/DC enhancement.
Proposal 6: the RRC_INACTIVE UE with MR_DC will go to idle when UE reselects to non-MN RAT.

Proposal 7: the RRC_INACTIVE UE with MR_DC will stay RRC_INACTIVE state when UE reselects to SN RAT can be studied in R16 CA/DC enhancement.
Proposal 8: UE resume toward SN RAT can be further studied in R16 CA/DC enhancement.
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