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1. Introduction 
For a UE in LC, it is configured a paging area which can be reached by RAN initiated paging. The UE should be back to connected mode in case the UE moves out the configured paging area, even no data transfer requirement.
If the UE attempts to accesses to a new eNB other than the old eNB. The inter eNB context fetch is required. However, the new eNB may not setup X2 with the old eNB. In paging area change, it probably a common case for no X2, since the eNB having X2 with the old eNB may already be configured as the paging area for the UE. 
This paper analyzes the purely paging area change without CP/UP data activity in case of the new eNB having no X2 with the old eNB. This paper analyzes the cases as follows and also provides options to fix the issue of no X2 interface.
· Case1: LC paging are change but no TA change

· Case2: LC paging are change and TA change

2. Discussion
2.1 Case: LC paging are change but no TA change
When a UE in LC mode moves out of the paging area, The UE should be back to connected mode. The UE may accesses to a new eNB other than the old eNB which configure LC for the UE.  

If the RRC resume procedure is reused, in case of no X2 between the new eNB and the old eNB, the RRC resume fails. In legacy, after resume fails, the UE may setup RRC connection to the new eNB and new eNB request the MME to setup UE context. However, RRC resume for paging area change is purely RAN side signalling procedure without associated NAS PDU. There is no SR or no TAU request, the new eNB cannot trigger Initial UE Message (NAS PDU is mandatory). 
For paging area change case, it is not safe to keep the active S1-U with the old eNB since the old eNB cannot reach the UE but the DL data may arrive at the old eNB and will be lost there. So the S1 with the old eNB should be immediately released. After S1-U release, the DL data will be buffered at the SGW.
The following options could be considered for paging area change in case of no X2
· Option1: the new eNB rejects the UE’s RRC resume request triggered by paging area change and the release of the S1 with the old eNB is required.
· Option2: MME relays the UE associated X2AP signalling.

The analyses for different options are as follows: 

Option1: In case of no X2, the new eNB rejects the UE’s RRC resume request and the release of the S1 with the old eNB is required.

For this option, only the MME can release the UE associated S1 with the old eNB. In order to trigger the MME to release the UE associated S1 with the old eNB, several alternatives as follows can be considered: 

Alternative-1: 
Upon reception of RRCConnectionResume reject, the UE AS notifies the upper layer to trigger a TAU procedure even the TA unchanged. I.E. a new TAU trigger should be defined, e.g. the resume reject reason is “no X2 interface”. According to the received Initial UE Message via the new eNB, the MME release the UE associated S1 with the old eNB. 
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Fig-2.1-1: Alternative-1

Alternative-2: 
Upon reception of RRCConnectionResume reject, the UE becomes idle and do nothing. Later, after DL data arrives, the old eNB triggers the S1 release due to no UE response for the RAN initiated paging. The MME may trigger MME initiated paging when there is DL data. The delay of the MT procedure is long for this alternative.
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Fig-2.1-2: Alternative-2
Alternative-3: the new eNB initiates a UE associated S1 procedure without NAS PDU to request the MME release the UE context and UE associated S1 at the old eNB. However, the UE only provide resume ID in the RRCConnectionReusmeRequest. The MME may understand the eNB bits of the resume ID to index the old eNB and the MME cannot index the UE by means of the resume ID.
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Fig-2.1-3: Alternative-3

Option2: In case of no X2, MME relays the UE associated X2AP signalling.

The MME relays the UE associated X2AP signalling. Four S1 transfer message are required to forward the X2AP container.

However, for inter MME case, whether the X2AP signalling can be relayed between MME is not clear. Further, if the UE associated X2AP signalling can be relayed over S1, the RAN initiated paging is also be relayed over X2. Then the paging area is not necessary to be configured to the UE. Since the RAN initiated area can always reach the UE via MME’s relay. 
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Fig-2.2-4: Option3
2.2 Case: LC paging area change and TA change

When the UE moves out of the LC paging area, if the UE happens to move into a new TA, the UE is back to connected along with a TAU procedure. If the UE attempts to access a new eNB and the new eNB doesn’t setup X2 with the old eNB. In legacy, the new eNB fails the RRCConnectionResume procedure and setup a RRC connection with the UE. The MME understand the UE moves to another eNB through the Initial UE Message, the MME will remove the UE context and UE associated S1 with the old eNB. 
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Fig-2.2-1: LC paging area change and TA change
TAU also must be triggered for inter MME case,  the new MME understand the UE moves into the new TA, the new MME request the old MME to release the UE context and the old MME will also remove the UE context and the UE associated S1 with the old eNB. The RAN side procedure for inter MME cases is the same as the intra MME without TA change case.
2.3 Summary

The following table summarizes the analysis for RRC resume due to paging area change but no X2 between the new/old eNBs. 

Tabular -1 RRC resume due to paging area change but no X2 between the new/old eNBs
	Cases
	Options

	LC paging are change but no TA change
	Option1: the new eNB reject the UE’s resume request 
The UE associated S1 with the eNB need to be removed.
	Altertive-1
	Altertive-2
	Altertive-3

	
	
	Reuse the TAU procedure. 
New TAU trigger is required.


	Data may loss

Waste paging resource in the area where cannot reach the UE
Delay is long for MT procedure
	Big change to S1, a new “Initial UE message” without NAS PDU is needed.

Bring in more issues. 


	
	Option2: MME relay the UE associated X2AP signalling
	Two UE associated S1 message need to defined to relay the X2AP message 
However, it breaks the principle that the UE can only have one UE associated S1. And all the UE associated X2AP could be relayed, e.g. RAN initiated paging. Then we can paging the whole TA and why we need the “RAN level location update” due to paging area change?
Some routing information need to be defined, e.g. the global eNB ID and TAI ID; However during resume request, the eNB ID is only 20 bits 
for inter MME case, whether the X2AP signalling can be relayed between MME is not clear.

	LC paging area change and TA change
	<legacy procedure>

TAU must be triggered, MME will remove the UE context and UE associated S1 at the old eNB. 
No issue for this case.


In a nutshell, in case the UE attempt to access a new eNB and the new eNB doesn’t setup X2 with the old LC eNB, request the UE to trigger TAU procedure can easily support the paging area change without CP/UP data. I.e. option1-alternative-1 is proposed.
If RRC connection resume procedure is reused for LC paging area change case, a RRC resume reject reason is needed, e.g. “no interface with the LC eNB”. Upon reception of this reason, the UE should trigger TAU procedure. 
Proposal1: In case the UE attempt to access a new eNB and the new eNB doesn’t setup X2 with the old LC eNB, in order to avoid data loss at the old eNB, request the UE to trigger TAU procedure to make the MME to release the active S1-U with the old eNB.
Proposal2: If RRC connection resume procedure is reused for LC paging area change case, a RRC resume reject reason is needed, e.g. “no interface with the LC eNB”. Upon reception of this reason, the UE should trigger TAU procedure.
3. Conclusion 

This paper analyzes the purely paging area change without CP/UP data activity in case of the new eNB having no X2 with the old eNB.
Proposal1: In case the UE attempt to access a new eNB and the new eNB doesn’t setup X2 with the old LC eNB, in order to avoid data loss at the old eNB, request the UE to trigger TAU procedure to make the MME to release the active S1-U with the old eNB 
Proposal2: If RRC connection resume procedure is reused for LC paging area change case, a RRC resume reject reason is needed, e.g. “no interface with the LC eNB”. Upon reception of this reason, the UE should trigger TAU procedure.
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