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Abstract of the contribution: This contribution proposes to update Solution 3.10 by adding CN assisted paging retry mechanism after RAN specific paging failure.
Introduction
This contribution proposes to update Solution 3.10 by adding CN assisted paging retry mechanisms after RAN specific paging has failed. 

When RAN specific paging proposed in Solution 3.10 is used, signalling messages and data packets are directly sent to and buffered at a specific RAN node, and coordination between RAN nodes is required for supporting paging area larger than the area of a single RAN node. However, if UE moves outside the RAN managed paging area without proper NG2/NG3 reestablishment, RAN paging cannot reach the target UE and packet loss happens. This situation can happen from erroneous network configuration, lack of coordination interface between RAN nodes, usage of power saving state, e.g., ePSM in Solution 3.12, in RRC_INACTIVE mode, and so on.
In order to mitigate the problem, this contribution propose CN assisted paging retry which can be used to compensate the failure on RAN specific paging. RAN may transmit the paging request to the core network when the NextGen RAN node cannot reach the target UE by RAN specific paging, and CN initiates paging over the larger area than RAN paging area.
Proposal
It is proposed to add the following text to the TR 23.799 “Study on Architecture for Next Generation System”.

* * * Start of Changes * * * *
6.3.10
Solution 3.10: RAN Specific paging for UE in CN connected mode.
This solution addresses MM_WT_#2, UE reachability management, of Key Issue#3. 
6.3.10.1
Architecture description

For UE in CN_CONNECTED state, the user plane path and signalling path for this UE has been established between the NexGen Core and the NexGen RAN. That is, the NG2 connection and NG3 connection for this UE always exist once this UE enters CN_ CONNECTED state, but the UE may be in RRC_INACTIVE state or RRC_IDLE state. Before actual data/signalling transfer, the UE should be brought back to RRC_CONNECTED. However, UP function and CP function of the NexGen Core are not aware of actual UE's RAN state. 
DL data and MT signalling message could be sent directly to the NexGen RAN by the NexGen Core UP and CP function, and the RAN Specific Paging is triggered if the UE is in RRC-INACTIVE or RRC_IDLE state. In this case, DL data and MT signalling message is buffered in the NexGen RAN.
NOTE: When a UE in RRC_INACTIVE state or RRC_IDLE state moves into the area served by a new RAN node, if the coordination between the new RAN node and anchoring RAN node which has NG2 and NG3 connections for this UE is supported, then the anchoring RAN node receiving DL data or MT signalling message will cooperate with new RAN node for paging the UE. However, if the coordination between new RAN node and anchoring RAN node is not supported, the new RAN node needs to initiate the establishment of NG2 and NG3 connections.
6.3.10.2
Function description
6.3.10.2.1
Downlink NG1 Signalling Triggered RAN Specific Paging.
If there is downlink signalling for a UE in CN_CONNECTED state, the NexGen Core sends the DL signalling message to the NexGen RAN via NG2. If the UE is in RRC-INACTIVE or RRC_IDLE state, the RAN Specific Paging is triggered, and the DL signalling message is buffered in RAN until UE come back to RRC_CONNECTED state. 
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Figure 6.3.10.2-1: Downlink NG1 signalling transport 
0.
The NexGen Core CP function wants to send NG1 signalling to UE. 
1.
The NexGen Core CP function sends the DL NG1 signalling message to NexGen RAN via NG2.
2.
If the UE is in RRC_INACTIVE or RRC_IDLE state, the NexGen RAN buffers the DL NG1 signalling message and then performs RAN Specific Paging. This procedure brings the UE back to RRC_CONNECTED state. 
NOTE 1: The RAN Specific Paging procedure is defined by RAN WGs.
3.
Once the UE is back to RRC_CONNECTED state, the buffered the DL NG1 signalling message would be delivered to UE.
4.
The NexGen Core CP function and UE can then ex-change NG1 signalling.

6.3.10.2.2
Downlink NG3 data Triggered RAN Specific Paging
When there is downlink data arriving at the NexGen Core UP function, the NexGen Core UP function directly pass those data to NexGen RAN. The NexGen RAN will buffer DL data if the UE is in RRC_INACTIVE or RRC_IDLE state, and initiates RAN Specific Paging procedure to bring UE back to RRC_CONNECTED state. Once succeed, the NexGen RAN deliver buffered data to UE.
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Figure 6.3.10.2-2: Downlink NG3 data transport
1.
The DL Data arrives at the NexGen Core UP function, the NexGen Core UP function forward received data to NexGen RAN via existing NG3 tunnels. The DL Date is buffered at NexGen RAN.
2.
The NexGen RAN checks the UE RAN state, if the UE is RRC_CONNECTED, then step 6 is preformed. Otherwise, step 3 is the next step.
3.
The NexGen RAN performs RAN specific paging, and bring the UE back to RRC_CONNECTED state.
4.
The NexGen RAN sends DL data to the UE.

5.
The UE and the NexGen Core UP function start data transfer.
6.3.10.2.3
Core Network Assisted RAN Specific Paging Retry
When RAN specific paging is applied, the signalling or data packet is buffered in NextGen RAN. If UE moves outside the RAN managed paging area without proper NG2/NG3 reestablishment, RAN paging cannot reach the target UE and packet loss happens. CN assisted paging retry procedures can be used to compensate the failure on RAN specific paging. RAN may transmit the paging request to the core network when the NextGen RAN node cannot reach the target UE by RAN specific paging, and CN initiates paging over the larger area than RAN paging area.
Figure 6.3.10.2-3 depicts the procedures for CN assisted paging retry after RAN specific paging fails.
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Figure 6.3.10.2-3: CN assisted paging after failure of RAN specific paging
1. NG1 signaling or UP data is generated and forwarded to the anchor NexGen RAN. The DL signaling messages or data packets are buffered at the anchor RAN.
2. Anchor RAN triggers RAN paging which may include the paging coordination between some RAN nodes, but the paging does not successfully reach the UE. 
NOTE 2: The detailed coordination between RANs for RAN Specific Paging procedure is defined by RAN WGs.
3. The NexGen RAN request CN assistance for paging. The request message may include some additional information, e.g., UE’s NG RAN state, RAN paging area information, last activated cell etc.
4. Based on the request from RAN, CN decides target paging area and sends CN Assisted Paging Request message to the RAN nodes within the target paging area. 
5. RAN nodes which received the CN assisted RAN paging request perform paging. The target UE camping on the new RAN responses to the paging request, and this procedure brings the UE back to RRC_CONNECTED state.
6. Service request procedure may be triggered by UE.
Editor's note:
It is FFS whether paging procedure initiated by CN assisted paging request (Steps 4-6) is the same as normal CN initiated paging.
7. NG2/NG3 connections for the UE can be re-established with new RAN and CN functions.

8. Forwarding of signaling and/or data packets from Anchor RAN to New RAN may be performed.

Editor's note:
How forwarding mechanism operates is FFS.
9. The UE and the NextGen CN functions continue data and signalling transfer.
6.3.10.3
Solution evaluation

Editor's note:
This clause will contain evaluation on the system impacts, e.g. UE, access network and non-access network.
* * * End of Changes * * * *
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