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1
Discussion

1.1 
Background: Deadlock on Xn signalling via CN

Over multiple SA2 meetings no conclusion has reached on whether it should be possible to exchange signalling between RAN nodes via the core network when there is no direct Xn connectivity when a UE is in RRC inactive. 
There have been two positions so far:

Position 1: Interaction between RAN nodes shall be done via Xn only, no assistance from the CN or routing of context retrieval and paging via CN.

· See for instance: S2-175586 from SA2#122BIS
Position 2: It should be able to transport Xn signalling for both context retrieval and paging via the core network, i.e. via an AMF through N2 signalling.

· See for instance: S2-175677, S2-175556 from SA2#122BIS   

Since this discussion has reached a deadlock, we offer in this contribution a compromise way forward. In order to do that, we separate the discussion in two separate scenarios that are being discussed:

Scenario 1: RAN paging via the core network in case of no direct Xn connectivity

Scenario 2: UE AS context retrieval via the core network in case of no direct Xn connectivity.
In order to progress discussion it is important to address a key underlying decision:

1.2
Full Xn connectivity in a RAN notification area to anchor RAN node

The of the main arguments from Position 1 is that RAN WGs have agreed already that all RAN nodes in a RAN notification area shall have direct Xn connectivity with the anchor RAN node. 

With that agreement then, there is no need for paging assistance from the CN as the anchor RAN node can send RAN paging message to all RAN nodes within the RAN notification area directly via Xn. 

The supporters of Position 2 claim that full Xn connectivity within a RAN notification area should not be required, and therefore both Scenarios 1 and 2 need to be supported even within the RAN notification area.  

We believe that the RAN WGs agreement of full Xn connectivity in a RAN notification area with the anchor RAN node has merit and should be kept for the following reasons:

- 
For MO data, it ensures that at all times when the UE has MO data has uplink data received from application, connection resume delay is minimal, given that the UE either resumes RRC connection in the anchor RAN node or resumes RRC connection in a RAN node that has Xn connectivity to the anchor RAN node, the RRC connection resumption is only affected by an Xn signalling exchange. Therefore, with the requirement of Xn connectivity in RAN notification area, delay is minimal (order of 10s of milliseconds). 
-
On the other, if we allow RAN notification areas where Xn interconnectivity is not required, when the UE attempts RRC resume in the RAN notification area, there may be a need to retrieve the UE AS context via the CN. Adding AMF processing and N2 signalling, a large delay (could be ~100ms) can be added to the resume procedure, therefore nullifying the benefit of RRC inactive of low delay. 
-
For MT data, a similar argument can be made in terms of additional delay for forwarding RAN paging via the CN and then performing UE AS context retrieval via an AMF.
	Conclusion 1: SA2 shall maintain RAN WGs agreement of full Xn connectivity within the RAN notification area to the anchor RAN node.


1.2
Scenario 1: RAN paging via AMF
With Conclusion 1, there is no need for paging assistance from the CN as the anchor RAN node can send RAN paging message to all RAN nodes within the RAN notification area directly via Xn. 

	Proposed Way Forward 1: RAN paging forwarding via the core network (i.e. via the AMF) is not needed and shall not be supported.


1.3
Scenario 2: UE AS context retrieval via AMF

Again, with Conclusion 1, there is no need for UE AS context retrieval via the CN when the UE attempts RRC resume in the RAN notification area, as Xn connectivity always exists in that case.

However, there is the case that the UE steps outside the RAN notification area and attempts to resume the connection. In the case, even with RAN WGs agreement, there may not be Xn connectivity. 
If the target RAN node in that scenario cannot retrieve the UE AS context via the core network, then the UE must move to CM idle, an initiate a NAS procedure (i.e. service request or re-registration procedure). This has an impact in the performance of the feature, as every time the UE steps outside the RAN notification area the UE may need to move to CM idle. Furthermore there is no NAS trigger defined so far (and should not be defined) to bring the UE back to CM-CONNECTED until there is MO/MT traffic. 
On the other hand, if UE AS context can be retrieved via the core network, the CM state can remain CM-CONNECTED. So it is beneficial to support UE AS context retrieval via the CN for the case the UE steps outside the RAN notification area.

Note that for the case of UE moving outside the RAN notification there are system wide and NAS implications:

· Whether the UE remains in CM-IDLE or CM-CONNECTED state (which has NAS impacts)

· Which procedure is triggered, e.g. CM-CONNECTED mobility or registration/service request procedure from CM-IDLE (which would have end-to-end impacts in UE, RAN and CN).

Given those implications have system wide impacts (beyond RAN2/RAN3 scope), the decision of how to handle UE mobility in RRC inactive outside the RAN notification area should be made in SA2.

	Proposed Way Forward 2: It shall be possible to retrieve the UE AS context via the core network in the scenario where the UE steps outside the RAN notification area and there is no Xn connectivity to the anchor RAN node. UE AS context retrieval via the core network is not needed when the UE attempts to resume RRC connection within the RAN notification area.


2
Proposed Compromise Way Forward
Proposed Way Forward 1: RAN paging forwarding via the core network (i.e. via the AMF) is not needed and shall not be supported.

Proposed Way Forward 2: It shall be possible to retrieve the UE AS context via the core network in the scenario where the UE steps outside the RAN notification area and there is no Xn connectivity to the anchor RAN node. UE AS context retrieval via the core network is not needed when the UE attempts to resume RRC connection within the RAN notification area
3.
Proposed text to TS 23.502

First Change

4.8.2
Connection Resume procedure

The Connection Resume procedure is used by the UE to perform RRC Inactive to RRC Connected state transition. Triggers for the UE to initiate this procedure are defined in TS 23.501 [2], clause 5.3.3.2.5.
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Figure 4.8.2-1: RRC Inactive to RRC Connected state transition 
1.
UE to RAN: RRC message (Resume ID)

The UE initiates the transition from RRC Inactive state to RRC Connected state, see TS 38.300 [9]. The UE provides its Resume ID needed by the RAN to access the UE's stored Context. 

2.
[Conditional] RAN performs UE Context Retrieval. 

UE Context Retrieval is performed when the UE Context associated with the UE attempting to resume its connection is not locally available at the accessed RAN. The UE Context Retrieval procedure is specified in clause 4.8.x. 

3.
[Conditional] N2 Path switch procedure

If the target RAN node is different from the old RAN node, the serving RAN node initiates N2 patch switch procedure, i.e. steps 1 to 8 of clause 4.9.1.1.1 and including Xn data forwarding.

Editor's note:
If the target RAN node is the same as the old RAN node, it is FFS if the RAN node notifies the AMF that the UE has transitioned from RRC inactive to RRC connected.

4.
RAN to UE: RRC message (Resume ID)


The RAN confirms to the UE that the UE has entered RRC Connected state.


Next Change

4.8.x
UE Context Retrieval 

4.8.x.1
UE context retrieval via the radio access network

The UE Context Retrieval via the radio access network procedure is used if a UE in RRC Inactive state requests to resume a connection toward a new RAN node while the UE Context is stored at the Old Serving RAN node, and the UE Context can be retrieved from the Old Serving RAN node by means of Xn signalling.
The UE context retrieval via the radio access network is defined in TS 38.3xx[x].
4.8.x.2
UE Context Indirect Retrieval via the Core Network
The UE Context Indirect Retrieval procedure is used if the UE in RRC Inactive state requests to resume a connection outside the RAN notification area while the UE Context is stored at the Old Serving RAN node, and the UE Context can not be retrieved from the Old Serving RAN node due to lack of Xn interface between the New and the Old Serving RAN node.
NOTE: 
All RAN nodes in the RAN notification area have Xn connectivity to the Old Serving RAN node. Therefore, this procedure does not apply for RAN nodes in the RAN notification area.

[image: image2.emf]New Serving RAN 

node

AMF

Old Serving RAN 

node

2. N2 Retrieve UE Context Request 

3. Retrieve UE Context Request

4. Retrieve UE Context Response

5. N2 Retrieve UE Context Response

1. No Xn 

connectivity with 

Old Serving RAN 

node, UE Context 

Retrieval via CN.


Figure 4.8.x.2-1: UE Context Retrieval via the core network 

1.
The New Serving RAN node detects that it has no Xn connection to a RAN node with the identity indicated in the Resume ID and decides to perform the Context Retrieval via Core Network procedure.

2.
RAN to AMF: N2 Retrieve UE Context Request (Old RAN ID (contained in the Resume ID),
Resume ID, new RAN ID).
The RAN requests an AMF that has indicated support for UE Context retrieval procedure within a pool to which it is connected, to resolve the RAN node identity. This AMF node doesn’t necessarily need to be the AMF serving the UE. Respective signalling is performed in a connection-less and the AMF stateless manner.

If the AMF is able to resolve the address of the indicated Old RAN ID, it forwards the request to that node.

3.
AMF to Old Serving RAN: Retrieve UE Context Request (Old RAN ID, New RAN ID, Resume ID).


The AMF forward the request to the Old Serving RAN.

4.
Old Serving RAN to AMF: Retrieve UE Context Response (Old RAN ID, New RAN ID, Resume ID, UE Context).

The Old Serving RAN node provides the UE Context. 

5.
AMF to RAN: N2 Retrieve UE Context Response (Resume ID, UE Context).

The AMF forwards the information received in step 4 to the New Serving RAN.
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