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Introduction
Currently 3GPP standards do not properly support inter-eNB RRC connection re-establishment. Some vendors have implemented proprietary solutions for performing it, but these are not interoperable. 
Interoperable solutions are needed in many situations, but in particular to cover mobility cases at the boundaries of MOCN shared-network areas and non-shared network areas.
While many data links can tolerate short outages (c.f. smartphone Apps tolerate movement between WiFi and 3GPP technologies), VoLTE calls need to match or exceed the call quality of CS domain calls. Hence while this problem has persisted for number of years and a solution is now sought through Standards.  



Problem Encountered
The scenario is illustrated in the Figure 1 below:
[image: ]
[bookmark: _Ref505694771]Figure 1 Radio Link Failure and X2 Reestablishment problem encountered across two regions
The scenario described in Figure 1, is a typical case of “Late Handover” where the UE has moved out of the serving cell before the Serving Node has had the opportunity to handover to the Target Node, in this scenario the UE attempts to re-establish its connectivity to the Target Node after a Radio Link Failure on the old Serving Node.
The current standard allows the re-establishment eNB to send an RLF Indication to the old serving eNB. The standard also mentions that after reception of the RLF Indication message, the old serving node may trigger an handover preparation towards the new serving node. However, the standard does not specify the details of such procedure, leaving a number of aspects up to implementation. 
Key problems that we have discovered are as follows:
1. The conditions for which, upon reception of an RLF Indication, an eNB should trigger an handover preparation without any UE handing over are missing 
2. The Radio Link Failure (RLF) Indication message, which is sent from the new eNB to the old eNB, may be absent 
3. Even if the RLF Indication is present, this is a “non-UE associated” X2-AP message, meaning that it is not immediately possible to associate this message to a signalling connection that can identify the UE context in old and new eNBs.
4. The use of handover preparation procedures without an actual handover taking place are not defined.  Namely, eNBs that are compliant to the standard shall treat the handover preparation as part of a full handover procedure, but that would lead to unwanted behaviour in a scenario where HO preparation is only used to transfer the UE context 

Solution Required
In order to resolve this problem and make mobile networks operate more efficiently across regional boundaries, X2 Reestablishment procedures and messages must be standardized.
The following options are available:
Approach 1:
1- Complete description of RLF Information to be exchange between two Nodes
2- Standardisation of UE Context Fetch Messages 
Approach 2:
1- Enhance the Retrieve UE Context Procedure to enable fetching UE context and enabling data forwarding
and described in the following sections.
Radio Link Failure
Once the UE loses the link to the old Serving cell and its internal RLF timer has expired, the UE reports a link failure of the Link 1 to the new eNB over the Link2. The new Node, after receiving the RLF report from the UE, send the RLF indication over the X2 link to the old eNB. 
The RLF Indication is sent as part of existing SON functionality. 
The Radio Link Failure scenario is illustrated in the following Figure 2:

[image: ]
[bookmark: _Ref505765265]Figure 2 Radio Link Failure scenario
The Radio Link Failure message, which is Non UE Associated signalling, is described as a Stage 2 description in 36.300 and as signalling message between two eNodeBs, as shown in the following Figure 3: 


[bookmark: _Ref513795098]Figure 3 Stage 2 Description of the Radio Link Failure Indication Procedure, excerpt from TS 36.300, section 20.2.2.12
Moreover, the Stage 3 of the RLF indicator message is further defined in TS 36.423 Section 9.1.2.18 See following Table 1.
[bookmark: _Ref505764428]Table 1 RLF IE Message content sent from the New eNB  to the Old eNB, extract from TS 36.423 Section 9.1.2.18
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Failure cell PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell Identifier
	YES
	ignore

	Re-establishment cell ECGI
	M
	
	ECGI 
9.2.14
	
	YES
	ignore

	C-RNTI
	M
	
	BIT STRING (SIZE (16))
	C-RNTI contained in the RRC Re-establishment Request message (TS 36.331 [9])
	YES
	ignore

	ShortMAC-I
	O
	
	BIT STRING (SIZE (16))
	ShortMAC-I contained in the RRC Re-establishment Request message (TS 36.331 [9])
	YES
	ignore

	UE RLF Report Container
	O
	
	OCTET STRING
	RLF -Report-r9 IE contained in the UEInformationResponse message (TS 36.331 [9])
	YES
	ignore

	RRC Conn Setup Indicator
	O
	
	ENUMERATED(RRC Conn Setup, ...)
	Included if the RLF Report within the UE RLF Report Container IE is retrieved after an RRC connection setup or an incoming successful handover
	YES
	reject

	RRC Conn Reestab Indicator
	O
	
	ENUMERATED(reconfigurationFailure, handoverFailure, otherFailure, ...)
	The Reestablishment Cause in RRCConnectionReestablishmentRequest message(TS 36.331 [9])
	YES
	ignore

	UE RLF Report Container for extended bands
	O
	
	OCTET STRING
	RLF-Report-v9e0 IE contained in the UEInformationResponse message (TS 36.331 [9])
	YES
	ignore



Observation 1: RLF Indication Message is required between the Target and Serving cell to indicate radio link failure on the old link for SON purposes. However, the RLF Indication Message is not designed to fetch a UE context
It should be noted that, for any pair of eNBs, multiple UEs can be in different phases of the X2 handover procedure, and/or inter-eNB Re-establishment (imagine a bus full of people crossing this eNB boundary!) Hence the new eNB will need a way to associate any UE-specific information sent across X2 by the old eNB with the related (newly re-established) RRC connection on the new eNB.
The RLF Indication is Non UE associated X2 signalling, but it does carry the UE’s C-RNTI that was allocated by the old cell. This allows identification of the UE context at old eNB. However, if an handover preparation is started to transfer the UE context to the new eNB, the new eNB would need to associate this procedure with the newly created UE context for the UE that triggered re-establishment. This is not immediately possible by looking at X2AP IEs. 
For the above reasons it appears that, despite the RLF Indication is one possible mechanism to signal RLF and to trigger a “pseudo” handover, such procedure is not optimal. The reasons are summarised here:
1) RLF Indication is originally designed to flag the occurrence of an RLF, not to fetch a UE context. For this reason, the events that should trigger an handover preparation for context fetch reasons are not defined and remain implementation specific
2) It is not possible for the new eNB to identify the UE context of the UE that re-established just by looking at X2AP IEs in the HO preparation messages
3) The HO procedure is associated with a number of statistics that contribute to KPIs and that are used for network optimisation, for example: Number of RACH Access failures, Handover Delay measurements, Handover radio measurements used for mobility parameters optimisation. The use of HO preparation without the occurrence of a real handover corrupts such statistics and optimisation processes
4) The HO procedure consists of mandatory steps such as triggering of HO Command over the air. Such procedures shall be followed by an eNB that is compliant to the standard but would in this case result in a waste of resources as there is no UE to hand over 
Observation 2: While the RLF Indication and HO preparation may be adapted, by means of implementation, to the purpose of context fetching, they are suboptimal procedures not designed for such purpose.
Proposal 1: The signalling needed for inter eNB RRC Re-establishment need to be carefully specified.

UE Context Fetch Messages 
The new eNB needs to retrieve (or be sent) the UE’s context by the old eNB. 
While the X2 Handover Request message contains all the information about the UE’s context, it does not provide any means for the new eNB to link it to the re-established UE. Transmission of the X2 Handover Request by the old cell also triggers procedures( & counters) in the old cell that would need modification if X2 handover is to be re-purposed for inter-eNB RRC re-establishment. For these reasons the HO procedures seems suboptimal to trigger context fetch.
The Release 13, CIoT resume procedure (Retrieve UE Context Request/Response in TS 36.423 sections 9.1.2.18 and 9.1.2.19 respectively) provides the capability to retrieve the SUSPENDED UE context. 

Proposal 2: Reuse the Retrieve UE context procedure to trigger context fetching at the source eNB after UE re-establishment to a non-prepared target eNB cell


Overall Solution
Following our investigation, we believe that for a successful X2 Reestablishment, signalling messages should follow the sequence illustrated in following Figure 4:
[image: ]
[bookmark: _Ref505783888]Figure 4 Signalling Messages required to realize X2 Reestablishment 
[bookmark: _GoBack]By reference to Figure 4, a new procedure based on modules from existing procedures is proposed. 
Proposal 3: The signalling call flows illustrated in Figure 4 to be used to correct the X2 reestablishment problem across regional boundaries. 



Conclusions
In our analysis we have made the following observations: 
Observation 1: RLF Indication Message is required between the Target and Serving cell to indicate radio link failure on the old link for SON purposes. However, the RLF Indication Message is not designed to fetch a UE context
Observation 2: While the RLF Indication and HO preparation may be adapted, by means of implementation, to the purpose of context fetching, they are suboptimal procedures not designed for such purpose.

In this contribution we have illustrated the problem encountered on a real LTE network when UEs move from one vendor coverage region to another.
Following our analysis the following proposal are put forward :
Proposal 1: The signalling needed for inter eNB RRC Re-establishment need to be carefully specified.
Proposal 2: Reuse the Retrieve UE context procedure to trigger context fetching at the source eNB after UE re-establishment to a non-prepared target eNB cell
Proposal 3: The signalling call flows illustrated in Figure 4 to be used to correct the X2 reestablishment problem across regional boundaries. 

The lack of compatible signalling between regions is the main cause of UEs loosing connectivity and we believe that by including a Standardised UE Context Fetch procedures over X2 interface this problem could be resolved.

We Kindly ask RAN3 to investigate this problem and arrive at a mutually agreed Standardised Solution for cross border X2 Reestablishment. 
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