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Abstract of the contribution: Solution for Key Issue 2 to utilize Xn for initial ultra low latency user data
1
Discussion
Mobility within a RAN Notification Area (RNA) based on Rel15 procedure would result in a path switch of the N3 and add latency before the first user data packet can be sent to the ultra low latency service. The variation on first user data packet delivery could be described as jitter. 

To support ultra low latency and low jitter, we propose to utilize the Xn interface for delivery of the initial user data to the existing application servers before reconfiguration of N3 and possible also N6.
One additional optimization to reduce the latency for this solution is for the UE to send EDT (early data transmission) in the RRC Resume request. In that case when the new RAN Node performs an UE Context Retrieval from the Anchor RAN Node then the new RAN Node could also include the EDT to the Anchor RAN Node that forwards it before the UE Context is transferred.
2. Proposal
The following addition is proposed to TS 23.725 (all new)
************** Start of Changes *****************

6.X
Solution for low latency and low jitter for initial user data delivery
6.X.1
Description

This solution applies to key Issue 2 when the UE change state from RRC_Inactive to RRC_Connected in another RAN node and when there are MO or MT data that need to be delivered with ultra low latency or with low jitter.

This solution allows the UE to deliver initial ultra low latency data to the existing DNN via the Xn interface without having the network to reconfigure the N3 and possible also the N6 interface. 

When the UE sends RRC Resume Request to a new RAN Node then the new RAN Node fetches the UE Context from the anchor RAN Node. The anchor RAN Node still keeps a copy of the UE Context.
Note: It is up to RAN to decide if existing UE Context Retrieval should be used or if only a subset of the UE Context should be fetched since N3 is not moved to the new RAN Node.

Based on information from the new RAN Node and earlier information in the anchor RAN Node from the SMF, the anchor RAN Node may decide to not do a path switch of N3 to the new RAN Node immediately. This means that the UE is available via the new RAN Node and all user data to/from the UE should be transferred over Xn via the anchor RAN Node to the N3 interface.
From the 5GC perspective the UE is available at the anchor RAN Node via existing N2 & N3. From the UE’s perspective it will be in RRC_Connected state to the new RAN Node without any knowledge whether the user data is relayed via the anchor RAN Node or not.
In case the UE includes EDT in the RRC_Resume Request then the new RAN Node forwards that to the anchor RAN Node in conjunction with the UE Context Retrieval. This allows the anchor RAN Node to deliver the user data before the UE Context is transferred to the new RAN Node, resulting in a further reduced latency
This solution allows the user data to be delivered directly to the current DNN, serving a local ultra low latency application server nearby the anchor RAN node before: 

1) The UE context is transferred from the anchor RAN node to the new RAN node in case of EDT
2) The N3 path switch has been performed
3) Possible a new N6 path has been setup

4) In case of edge computing a new application server nearby the new RAN node may also need to retrieve the user application context data from the previous application server nearby the anchor RAN node.
This solution does not discuss when to perform the path switch of N2 and N3 to the new RAN Node. It may not be necessary at all to perform the path switch e.g. in case of small ultra low latency data consisting of only one data PDU..
NOTE: This solution only applies to UE mobility between RAN Nodes within the same RNA.

6.X.2
Procedures
The procedure below shows the ultra low latency solution where the user data is delivered over Xn.
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Figure 6.X.2.1: Ultra low latency user data delivery
0. Precondition is that the UE successfully done a PDU Session Establishment Procedure according to clause 4.3.2.2.1 in TS.23.502 except:

a. The SMF includes in the N2 SM information that this is an ultra low latency PDU Session is step 11 and

b. AMF forwards the N2 SM information to the anchor RAN Node including that this is an ultra low latency PDU Session in step 12

Note: The SMF also informs the anchor RAN Node that it is an ultra low latency PDU Session during the UP activation procedure in conjunction with the Service Request.
After RAN inactivity the RAN node have configured the UE to enter RRC_Inactive state.
1. UE to RAN: RRC Resume Request (Resume ID) according to existing procedure.
The UE initiates the transition from RRC Inactive state to RRC Connected state.
2. The new RAN node uses the Resume ID to identify the anchor RAN node and request to retrieve the UE Context from the anchor RAN Node. In case of EDT the UE context retrieval may also include the early data. Based on Low latency information in the N2 SM information the anchor RAN Node may decide to configure the new RAN Node as a relay for that UE. In that case the new RAN Node will relay future MO & MT user data between the UE and the Anchor RAN Node.
3. The new RAN Node sends the RRC Resume message to the UE.
4. The UE Enter RRC_Connected state.

5. All MO user data will be transferred from the UE to the new RAN Node and then over Xn to the anchor RAN Node and further transported via N3 & N6 to the DNN and low latency application service. MT user data will be sent in the opposite direction.
6.X.3
Impacts on Existing Nodes and Functionality
During PDU Session establishment the SMF needs to inform the RAN Node that this PDU Session is an ultra low latency low jitter PDU Session to allow RAN to decide whether to forward the initial user data over Xn whenever needed.
6.X.4
Solution Evaluation

Editor's note:
This clause provides an evaluation of this solution.

************** End of Changes *****************
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