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1. Introduction
The new RAT WID [1] was approved in the RAN#75, there’re some objectives about RRC_INACTIVE state which may impact RAN2 and RAN highlighted as below:
-
Radio interface protocol architecture and procedures [RAN2]:

-
Control and user plane protocol architecture as recommended in TR 38.804.
-
Defining the UE state machine and transitions including RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE in accordance with their characteristics as described in sub-clause 5.5.2 of TR 38.804:

-
UL and DL data transfer in RRC_INACTIVE might be studied only if all of the other objectives have been completed and time is permitted.
-
Radio Access Network architecture, interface protocols and procedures including RAN interfaces Xx, Xn and NG covering both NR and E-UTRA, for the following features and connectivity options (*) [RAN3]:

-
Mobility in RRC_CONNECTED and RRC_INACTIVE;
In this contribution, we will discuss the handling of data and signallings in RAN for a UE in RRC_INACTIVE state and provide relevant proposals. Please be noted that the UL and DL data transfer in RRC_INACTIVE will not be covered in this contribution due to its low prioritized in the RAN plenary.
2. Discussion
2.1 Downlink data transmission

For the definition of RRC_INACTIVE state, the functionalities to be supported have been captured in RAN2 TR [3]:

-
RRC_INACTIVE:

-
Cell re-selection mobility;
-
CN – NR RAN connection (both C/U-planes) has been established for UE;

-
The UE AS context is stored in at least one gNB and the UE;

-
Paging is initiated by NR RAN;
-
RAN-based notification area is managed by NR RAN;
-
NR RAN knows the RAN-based notification area which the UE belongs to;
From the agreement of RAN2, we see the NG connection is kept for inactive UE, RRC connection is released and UE context is stored in gNB and UE.
Observation 1: NG Connection is kept for the UE in inactive state.
Despite of uplink and downlink data transmission in inactive state, it seems the inactive state is quite similar to the light connection state defined in LTE. UE need to be moved to the RRC connected mode to transfer the data and signallings.

Observation 2: Despite of data transmission in RRC_INACTIVE state, UE has to be moved to RRC connected mode to transfer data and signallings.
In case of downlink data arrival at gNB from NGC, the gNB should buffer the data and try to paging the UE to move the UE to the connected mode, and then send the data to the UE via dedicated RRC connection. The details about RAN initiated paging could be found in [4].
Proposal 1: When receiving the DL data, the anchor gNB should buffer the data and initiate RAN paging within the RAN notification area.

If the UE responses the RAN paging at anchor gNB, the anchor will establish the RRC connection with the stored UE context and send the buffered data to the UE after that.

If the UE responses the RAN paging at the gNB different with the anchor gNB, the new gNB should trigger the context fetch procedure towards the anchor eNB to get the stored UE context, and use it to configure UE to the RRC connected mode.
Proposal 2: In Xn interface, context fetch between the new gNB and the anchor gNB should be supported.

If the data forwarding is expected by the new gNB, it may send the data forwarding address towards the anchor gNB after context fetch procedure, and the anchor gNB should send the buffered data to the new gNB.

Proposal 3: Data forwarding between the gNBs should be supported, and the data forwarding address should be transferred from the new gNB to the old gNB.
After successfully moved the UE to the connected mode, the original NG connection between the old anchor gNB and NGC should be relocated to the new gNB via Path Switch procedure. Then the new coming downlink data and uplink data can be transferred between the new gNB and NGC directly, no need to be transferred between the old anchor gNB and the new gNB UE connected to. After path switch, the new gNB becomes the new anchor gNB.
Proposal 4: Path switch procedure should be used to relocate the NG connection from old anchor gNB to the new gNB.
The following figure shows an example of overall flow for downlink data transmission:
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Figure 1. Handling of DL Data in RAN
2.2  Uplink data transmission

Despite of data transmission in inactive state, a UE in the inactive state has to move to RRC_CONNECTED mode before send the uplink data. The overall flow is same as the downlink data transmission except the RAN paging and data forwarding procedure. 
In case UE has uplink data to transmit, UE will send RRC Resume Request message to the gNB. If the UE resumes at the gNB different with the anchor gNB, the new gNB should trigger the context fetch procedure towards the anchor gNB.  With the fetched UE context, the new gNB sends RRC Resume message to the UE with the configuration to move the UE to the connected mode, and path switch should be used to relocate the NG connection to the new gNB after successfully moved the UE to the connected mode.
Proposal 5: UE should trigger the RRC Resume procedure to enter the RRC_CONNECTED mode before sending the uplink data, the details of RRC Resume procedure is pending to RAN2.
2.3  Handling of CP signallings 

Handling of NGAP message from NGC
For a UE is in inactive state, upon receiving Class 1 message from NGC, the gNB will initiate RAN paging. If the UE access from the anchor gNB, the gNB could send the class 1 message to the UE after moving the UE into RRC_CONNECTED state. If the UE access from a neighbor gNB, the same issue has been discussed in LTE light connection and finally agreed to response CN with a new cause value, e.g. “UE Context transfer”. This could be reused as the baseline for NR gNB to handle NGAP message for inactive UE: Upon receiving the UE context retrieval request (that indicate UE accesses from the other gNB different with the anchor), the old gNB could send the respond message, with a specific failure cause value, e.g. “UE Context transfer”. The NGC could re-send the Class 1 signaling to the new gNB after Path Switch procedure is finished.
Proposal 6: When receiving the NGAP message, the anchor gNB should initiate RAN paging within the RAN notification area.

Proposal 7: In case the UE responds RAN paging from new gNB, the old anchor could reply NGC with the failure message using a specific cause value, NGC may retransmit the NGAP message to the new gNB after path switch.
Handling of DL NAS PDUs 
For a UE is in inactive state, upon receiving NAS PDU(s) from NGC, the gNB will initiate RAN paging. If the UE access from the anchor gNB, the gNB could send the NAS PDU(s) to the UE after moving the UE into RRC_CONNECTED state. If the UE access from a neighbor gNB, RAN2, RAN3 and CT1 discussed the similar issue in LC state, and finally agreed that “NAS PDUs are transferred back to MME by NAS Non Delivery Indication procedure, and MME retransmit the NAS PDUs to new eNB”, we assume the conclusion of LC could be reused for NR inactive state.
Proposal 8: When receiving the DL NAS PDUs, the anchor gNB should initiate RAN paging within the RAN notification area.
Proposal 9: In case the UE responds RAN paging from new gNB, DL NAS PDUs arrived in anchor gNB could be transferred back to NGC, and NGC may retransmit the NAS PDUs to new gNB.
3. Conclusion
In this contribution we discussed how to handle data and signallings for a inactive UE, the following proposals are given based on the discussion above:
Observation 1: NG Connection is kept for the UE in inactive state.
Observation 2: Despite of data transmission in RRC_INACTIVE state, UE has to be moved to RRC connected mode to transfer data and signallings.
Proposal 1: When receiving the DL data, the anchor gNB should buffer the data and initiate RAN paging within the RAN notification area.

Proposal 2: In Xn interface, context fetch between the new gNB and the anchor gNB should be supported.

Proposal 3: Data forwarding between the gNBs should be supported, and the data forwarding address should be transferred from the new gNB to the old gNB.
Proposal 4: Path switch procedure should be used to relocate the NG connection from old anchor gNB to the new gNB.
Proposal 5: UE should trigger the RRC Resume procedure to enter the RRC_CONNECTED mode before sending the uplink data, the details of RRC Resume procedure is pending to RAN2.
Proposal 6: When receiving the NGAP message, the anchor gNB should initiate RAN paging within the RAN notification area.

Proposal 7: In case the UE responds RAN paging from new gNB, the old anchor could reply NGC with the failure message using a specific cause value, NGC may retransmit the NGAP message to the new gNB after path switch.

Proposal 8: When receiving the DL NAS PDUs, the anchor gNB should initiate RAN paging within the RAN notification area.
Proposal 9: In case the UE responds RAN paging from new gNB, DL NAS PDUs arrived in anchor gNB could be transferred back to NGC, and NGC may retransmit the NAS PDUs to new gNB.
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