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1
Description 
At last RAN3#99bis meeting, the following agreement was reached:
In Rel-15 RNA should be limited to Xn connectivity; mechanisms to avoid the UE going IDLE when moving out of RNA should be specified; NAS recovery mechanism as specified by SA2 is not precluded

Following the above agreement, this paper compares two possible mechanisms Xn-relay and AMF-relay and concludes.
2
Description of Xn-relay Mechanism
The agreement reached at RAN3#99bis constitutes a package:

· We limit the RNA in release 15 at Xn connectivity,

· We define a mechanism when UE moves out of such RNA to avoid going to idle.

This means that the mechanism can rely on availability of Xn within the RNA.

Observation 1: the mechanism to be defined in release 15 is only to handle the case of UE moving out of RNA and can rely on Xn connectivity within the RNA.

When the UE moves out of the RNA there can be three cases:

· (1) The cell reached out of the RNA belongs to last serving NG-RAN node,

· (2) The cell reached out of the RNA belongs to a new NG-RAN node which has also cells within the RNA,

· (3) The cell reached out of the RNA belongs to a new NG-RAN node which has no cells within the RNA.

In case 1, no context fetch is necessary.

In case 2, the new NG-RAN node has Xn connectivity to last serving NG-RAN node. 

Cases 1 & 2 already cover most of cases and and UE can avoid idle transition without new mechanism.

In remaining case 3, it is obvious that the cell reached out of the RNA is neighbourig a cell which is within the RNA and which belongs to an NG-RAN node which has therefore Xn connectivity with last serving NG-RAN node. Let us call that NG-RAN node a “relay NG-RAN node”. We end up in the following situation:
· The new NG-RAN node which is a direct neighbour of the relay NG-RAN node and has therefore an Xn link or, if not, can easily draw one without exhausting its Xn capacity,

· The relay NG-RAN node has Xn connectivity with last serving NG-RAN node as explained above.

It is therefore easy to relay the Xn context between the new NG-RAN node and the last serving NG-RAN node via the relay NG-RAN node, in a similar way as the proposed alternative via AMF-relay.
Observation 2: for remaining case 3, Xn connectivity exists to make a stateless relay of context over Xn rather than over NG.
3
Comparison of Xn-relay and AMF-relay Mechanisms
RAN-CN Signaling and AMF processing load
The mechanism for context retrieval using AMF-relay mechanism has been presented at the last RAN3#99bis meeting in tdoc [3] as follows:
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Figure 9.2.2.4.1-2: UE triggered transition from RRC_INACTIVE to RRC_CONNECTED – UE context retrieval via the 5GC

The mechanism for context retrieval over Xn Relay can work exacty the same i.e. in a stateless manner, via the relay NG-RAN node as follows:

· 
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Figure 9.2.2.4.1-2: UE context retrieval out of RNA via Xn relay

The AMF-relay mechanism leads to 10 messages over NG interface.

The Xn-relay involves the 2 basic Path Switch messages over NG interface, moving the 8 other messages over Xn.

5G network, like 4G, is a hierarchical network where one can count for thousands of NG-RAN nodes for one AMF. Moving all the signalling messages via the central upper node makes an unacceptable signalling storm of 10 NG messages multiplied by thousands of UEs constantly moving out of RNA.

This signalling and processing storm can be avoided by selecting Xn-relay.

Observation 3: 5G network is a hierarchical network where one should avoid overflowding the upper node AMF with signalling that can be exchanged horizontally over Xn instead.
Selection of the suitbale Relay node 
For Xn-relay, in order for the new NG-RAN node to select the neighbour NG-RAN node which has Xn connectivity with the anchor NG-RAN node and can serve as Xn-relay, the new NG-RAN node can learn the list of Xn connected neighbours. We therefore propose to add the list of Xn neighbours in the Xn Setup procedure.
For AMF-relay, it seems that any AMF of the pool is suitable, but needs to be clarified by proponents of AMF-relay solution.

Handling of truncated NG-RAN node ID 

As indicated in the RAN2 LS in [4], in order to reduce the size of MSG3 which is essential for the coverage of NR, shorter I-RNTI using truncated NG-RAN node ID are going to be used in RRC inactive state. Whenever multiple candidates match the truncated node ID of the anchor NG-RAN node, this will lead to multiple triggers of context transfer towards the candidate anchor NG-RAN nodes with only one transfer being successful, the other transfers being failed. The successful transfer will be the one matching the short MAC-I in the anchor NG-RAN node.
With Xn-relay the identification of the candidate NG-RAN nodes is solved by the list of Xn neighbours exchanged at Xn setup (see above).
With AMF-relay this identification creates an issue: If truncated node ID is included as target ID, AMF is not able to resolve this without big processing impact. To be explained by proponents of AMF-relay. Alternatively, the identification of candidates could be done in the new NG-RAN nodes by exchanging the list of Xn neighbours in Xn setup, like done for the Xn relay. 
4
Conclusion and proposal 

The following table summarizes our comparison of Xn-relay context fetch and AMF-relay context fetch:
	
	Xn-relay context fetch
	AMF-relay context fetch

	Impact on AMF processing and signalling load 
	2 messages X hundreds of UEs moving out of RNA
	10 messages X hundreds of UEs moving out of RNA

	Selection of suitable relay node
	Add list of Xn neighbors in Xn Setup procedure
	Any AMF

	Handling of shorter I-RNTI and truncated gNB ID
	Reuse list of Xn neigbours
	Impact AMF to manage truncated target node ID or need to add list of Xn neighbours in Xn Setup procedure.


The impact on AMF of the AMF-relay solution is huge by increasing a factor 5 the signalling and processing of the AMF for UE-asscoiated signalling messaging. To that respect, it goes against one of the major objectives of RRC inactive state which is “reducing the RAN-CN signalling”.
In comparison, adding the list of Xn neighbours in the Xn setup and configuration update (occasional non UE associated messages) for the Xn-relay mechanism seems megligible. Especially considering that AMF-relay will need the same to solve the truncated node ID issue.

The above observations lead to the following proposal:
Proposal: agree the TP below to introduce the XnAP Relay Request procedure as the mechanism for UE Context Retrieval.
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9.2.2.4.2
UE triggered transition from RRC_INACTIVE to RRC_CONNECTED when UE moves out of RNA

Figure 9.2.2.4.2-1 describes the UE triggered transition from RRC_INACTIVE to RRC_CONNECTED when UE moves out of the RNA and UE context retrieval is performed via the Xn Relay:

· 
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Figure 9.2.2.4.2-1: UE context retrieval moving out of RNA via Xn relay

1.
the UE moves out of the RNA and triggers an RRC Connection Resume Request for RNA Update.

2a.
If the new NG-RAN node is able to resolve the last serving NG-RAN node’s identity contained in the I-RNTI, but has no Xn connectivity towards the last serving NG-RAN node, it requests a suitable NG-RAN node it is connected to, to relay the request to provide UE Context data to the last serving NG-RAN node sending the XnAP RELAY REQUEST message, providing its own node identification and the last serving node’s identification to the suitable NG-RAN node for routing. 

2b.
The suitable NG-RAN node relays the XnAP message (XnAP UE Context Retrieve Request message) issued within step 2a to the last serving NG-RAN node.

3a.
The last serving NG-RAN node requests a suitable NG-RAN node to relay the XnAP message containing UE context data (XnAP UE Context Retrieve Response) to the new NG-RAN node.

3b.
The suitable NG-RAN node relays the XnAP message issued within step 3a to the new NG-RAN node

4.
The new NG-RAN node sends RRC connection Resume to the UE.

5.
The new NG-RAN node may send an XnAP Data Forwarding Indication message which is similarly relayed via the suitable NG-RAN node towards the last serving NG-RAN node.

6.
The new NG-RAN node performs path switch.

7.
The new NG-RAN node requests a suitable NG-RAN node to relay the XnAP UE CONTEXT RELEASE message containing UE context data to the last serving NG-RAN node.
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