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ABSTRACT: this paper is to reaffirm the importance of Xn connectivity for the proper functioning of RRC Inactive and the fact deployments relying on frequent CN context transfers and CN context transfers inside the RNA are not in line with the design goals of RRC Inactive.
1 Introduction
At the past few meetings a debate has stalled in SA2 and also RAN3 on the need of CN supported context retrieval for UEs that are in RRC inactive and transition to RRC active or perform a RAN Paging Area Update (PAU).

This paper comments on this issue and aims at proposing a resolution of the issue compatible with the RRC inactive principle that the UE, while RRC INACTIVE, should not require CN interaction to manage its context transfer and transition to Active use plane.
2 Discussion

The main motivations behind RRC_INACTIVE could be summarized as follows:

Provide both lower latency and signaling-efficient transition to ACTIVE user plane by managing the UE context within the RAN 
So: transition from RRC_INACTIVE Inactive to RRC_CONNECTED state has to be a fast, and light-weight signaling procedure handled in the RAN.
This is also allowing power efficient frequent data transmission with reduced signaling load.
The way the RAN can locally manage the context without requiring help from the CN, i.e. without CN interaction, is that the Xn interface is available across the RAN notification area to the anchor NG-RAN node. So if we assume that these design criteria hold:

1) The RNA is an area of Xn availability to the anchor NG-RAN node for the UE in the RNA

2) NG-RAN nodes neighbouring to NG-RAN nodes belonging to other RNAs also have Xn reachability to the NG-RAN nodes in the other RNAs

Then there is no need of any procedure for N2 context fetch and all is Xn transfer based.

A possible relaxation of the design which we could allow is this:

3) NG-RAN nodes neighbouring between themselves are assumed to have Xn, so we could use the last NG-RAN node the UE camped on in the last RNA to relay Xn from a new NG-RAN node outside the RNA.
This point 3) Allows the new NG-RAN node to ask the last visited NG-RAN node to relay a context fetch to the anchor NG-RAN node. This would therefore keep the mobility management inside the RAN and just require a path switch towards the CN, as normal when there is Xn availability, to allow the UE to camp in a new RNA under the new NG-RAN node.

If points 1) was not the case the case, then it means that even inside the RNA RAN level transition to Connected mode is not possible so this is in direct contrast with the very goals of RRC Inactive to keep the transition fast and efficient inside the RAN.
Proposal #1: reconfirm also from SA2 standpoint Xn availability to the anchor node inside the RNA is an architectural requirement.
Note that Proposal#1 does not mean that fully meshed connectivity of Xn is required inside the RNA, but that the anchor NG-RAN node has the ability to form an RNA with the Xn connected NG-RAN nodes.

Then proposal 1 is just a way to keep a meaningful RAN-level reachability management, which is part of the RRC_INACTIVE definition, without requiring the CN to be involved to manage RRC Inactive mobility management except for the path switch. 
In summary, the design of the RNAs should be such that Xn reachability to anchor NG-RAN node is available inside the RNA. Ideally also Xn connectivity to the anchor NG-RAN node should be available also with neighbouring cells NG-RAN nodes. But this requirement as already stated can be relaxed by leveraging the assumption that neighbouring NG-RAN nodes have Xn and so when a UE exists the RNA the neighbour NG-RAN node can ask the last NG-RAN node used in RAN to relay the context transfer from the anchor NG-RAN node.
Proposal#2: a NG-RAN node is able to obtain the UE RAN context by means of the Xn to the last NG-RAN node of the last cell the UE camped on inside the RNA

Proposal 2 assumes that, unless the UE experiences a prolonged loss of coverage leading to RLF, the UE would contact the first neighbouring cell outside the RNA, homed to a NG-RAN node that is neighbour to the last visited NG-RAN node. The UE, upon RNA change, shall provide the Cell Id or the last visited cell in the RNA. This allows the new cell NG-RAN node to invoke the last visited NG-RAN node to relay a Xn context request to the Anchor NG-RAN node in the last RNA, as identified by the Resume ID. This allows again to have RAN level mobility management implying just a path switch to the CN as normal with Xn based Mobility Management in the RAN. If the UE had experienced loss of coverage, it shall enter instead idle mode and perform a Registration procedure. This would cause the UE and Network to synchronize again and the UE can then stay idle mode or be inactive. 

Lastly, to address the case where Xn Ue context fetch was not possible, for any reason, as per proposal #1 and #2 we propose the Resume attempt (used to perform the RAN paging area update) fails and the UE is disconnected by the RAN, 23.501 says:
“In addition, a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE mode and follow relevant NAS procedure in the following cases:

-
If RRC resume procedure fails,

If the UE receives Core Network paging,

-
If the periodic RAN Notification Area Update timer expires and the UE cannot successfully resume the RRC connection.
-
in any other failure scenario that cannot be resolved in RRC Inactive mode and requires the UE to move to CM-IDLE mode.

 “

The behaviour of the UE as it enters Idle Mode shall be to perform a Registration. So, in this case the behaviour allows immediate synchronization between the UE and the network the network may decide then to assign the UE to a new RAN or to keep the UE CM-IDLE

The alternative to use CN context transfer is not useful if the UE has moved outside the Registration Area, as using the CN context fetch instead in this case would just add an extra CN interaction with a non-serving AMF, before the serving AMF is updated via the Registration. We believe that in sound deployment any lack of Xn should be a significant network border area (like AMF sets area boundaries) that normally also would trigger a Registration Update, so this is to say there is no gain to introduce the CN context fetch. The only remaining argument would be that the CN context transfer may eliminate the RRC connection reconfiguration before for the Registration message is sent. But since this is a rare event where Xn was properly deployed, it is not a meaningful saving even for IoT devices (note that this would be like a C-plane only IoT device power consumption profile).
Note also that CN context fetch may require interaction among AMFs (so two CN nodes involved just to retrieve the UE context)) if there is homing of the NG-RAN nodes to different sets of AMFs due to routing reasons. So, this can be a very complex interaction that then WILL be followed by a Registration procedure which AGAIN will involve two CN nodes. The reason why the CN Context fetch is unlikely to use the serving AMF is that the resume message only contains the resume ID and not the UE Temporary ID that could be used to route to the serving AMF.
Then, if the failure of the resume occurred systematically as the RNAs were creates with no consideration for Xn reachability, and actually by design Xn was not considered important, for the same reason, before a UE can send UL data, there would be an interaction with the CN to retrieve the UE context, then a second interaction to perform a path switch, and finally the UE would be allowed to send or receive data.  This would be similar or even heavier weight than a service request procedure in terms of RAN/CN interaction. Needleless to say then the additional requirement would be that proper paging would require CN assistance all the time so in fact by combining all this there would be little gain from deploying RRC inactive on both latency and CN signalling reduction.
Proposal#3 systematic Xn-based (direct or relayed) context transfer failure is contrary to the RRC Inactive design and shall be avoided. Xn-based (direct or relayed) context transfer failure should be applicable only where UEs are expected to normally perform a RA (registration area) update.

The following table provides a synopsis of the alternatives. As a result of this comparison we reaffirm that RRC INACTIVE is fundamentally linked to RAN level transfer of context and that the formation of RNAs shall take into account Xn availability. It is not an intent of RRC_INACTIVE to replace Idle mode mobility over huge registration areas.

Table 1 – comparison of Xn and CN based context transfer
	
	CN based context tranfer
	Xn based context transfer 

	Need inside a RNA
	NO. but if RNA assumes NEED of CN context transfer as Xn is not available in RNA, then CN paging is needed and also transition to ACTIVE user plane may requires 2 CN interactions (context fetch + path switch). This would question the benefit of RRC Inacttive
	YES

At most one CN interaction needed for path switch 

	Need as the UE moves outside RNA
	No if Xn reachability to the last used NG-RAN node in the RNA is available or directly to the Anchor NG-RAN node.
Otherwise two CN interactions are needed (CN based context fetch and Path switch)  
	YES
At most one CN interaction needed for path switch

	Transition to Active UP in the RNA
	Up to 2 CN interactions (context fetch +patch switch)
	Up to 1 CN interaction (Path switch)

	RAN paging area update
	Two CN interactions (context fetch and patch switch)
	One CN interactions (patch switch)

	CN paging assistance required inside RNA
	YES if Xn is not assumed inside the RNA
	NO

	Need to place the UE in Idle mode when Xn is not avialable
	No, but if this happens at RA (registration area) borders, it is irrelevant as UE needs to perform a registration anyhow. Only gain is to avoid RRC Reconfiguration in this case (but at the cost of additional CN interaction). This is not a big gain and it is not even a design goal in C-plane IoT optimisations to save this.
	Yes, but if this happens at RA borders only, it is irrelevant as UE needs to perform a registration anyhow. If this happens systematically even inside RA, then the network has not been properly designed to support Xn HO, Other Xn based RAN coordination features among neighbouring nodes, and RRC Inactive.


3 Proposal
It is proposed that CN-based context transfer is not adopted and instead the direct and relayed Xn context transfer only is documented in 3GPP specifications as proposals 1,2 and 3 are endorsed.
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