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1   Introduction
The current WI in RP-150540 defining the new light connected state involves RAN3 through the following statement:

Signaling reduction to CN over S1 due to mobility and state transitions by hiding them through CN 

A working assumption has been taken last RAN3#93 on the Light Connected design principles. The deployment scenarios corresponding to these design principles are analysed here-below to derive the X2/S1 necessary enhancements.

2 Description of deployment scenarios to be covered
Scenario 1: Mobility: UE moves out of the RAN based Paging Area
Scenario 1.1: Relocation of anchor eNB
One option when UE moves out of the RAN based paging area is to relocate the anchor eNB. This can be used whenever the RAN based paging area comprises cells of same or different eNBs, one or more paging areas or one or more TAs and especially when the RAN based paging area is quite large and such relocation remains rare between two data transmission. This includes following steps:

· Step 1: UE sends RRC Location Update to new eNB out of the RAN based paging Area.

· Step 2:  new eNB informs the anchor eNB through the X2 UE Information Indication procedure that it has left the RAN based paging area.

· Step 3: anchor eNB decides to have context relocation and triggers X2 Context Transfer/ X2 Handover Request.

· Step 4: new eNB triggers Path Switch Request procedure which triggers Modify Bearer Request in the EPC.

· Step 5: the procedure terminates with UE Release Request.
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Figure 1: Relocation of anchor eNB when UE moves out of the RAN based paging area
Scenario 1.2: Suspension
Another option when UE moves out of the RAN based paging area is to move the UE to suspended state. This is especially true for RAN based paging area is rather small (e.g. a cells or limited to one eNB) to avoid the frequent signaling of the UE or the relocation of anchor eNB at every eNB change between two data transmissions. This includes following steps:

· Step 1: UE sends RRC Location Update to new eNB out of the RAN based paging Area.

· Step 2:  new eNB informs the anchor eNB through the X2 UE Information Indication procedure that it has left the RAN based paging area.

· Step 3: anchor eNB decides to suspend the UE and triggers the existing S1AP Suspend procedure.

· Step 4: Upon receiving the successful S1 Suspend Response the anchor eNB triggers the X2 Suspend Request towards new eNB.

· Step 5: new eNB sends the RRC suspend request to move the UE to suspended state.
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Figure 2: Anchor eNB triggers suspension when UE moves out of the RAN based paging area
Scenario 2: MT Data Exchange: UE receives data under new eNB within the RAN based Paging Area
The use case where the UE is reached under the anchor eNB does not involve X2/S1-C signaling and is not shown. The scenarios below cover the case of UE reached under an eNB which is not the anchor eNB in two possible deployment options.

Scenario 2.1: MT within RAN based Paging Area set to either list of cells or RAN paging areas
One option as seen before is to have quite large RAN based Paging Areas (e.g. comprising one or more cells (belongs to same or different eNBs) or one or multiple RAN paging areas or one TA).

· Step 1: DL packet arrives at the anchor eNB.

· Step 2:  anchor eNB pages in its cells and also generates X2 paging to the neighbor eNBs in the RAN based Paging area.

· Step 3: UE responds to paging in a cell of a new eNB.

· Step 4: new eNB sends UE INFORMATION INDICATION message to the anchor eNB to inform that a data exchange is to take place.

· Step 5: anchor eNB triggers X2 Handover Request towards the new eNB to transfer the context.

· Step 6: new eNB triggers path switch request which triggers Modify bearer request in the EPC.

· Step 7: the procedure terminates with UE release request.
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Figure 3: MT data when UE within the RAN based paging area under a new eNB

NOTE 1: the actual RRC message for Paging Response is to be determined by RAN2.

Scenario 2.2: MT within RAN Based Paging Area set to one eNB
One option as seen before is to have RAN based paging area limited to one eNB and UE has been moved to suspended state.

The MT call flow is then very similar as above but the paging is triggered from MME and does not involve data forwarding.  

· Step 1: DL packet arrives at the SGW which generates DDN towards MME.

· Step 2: MME generates Paging towards involved eNBs (a la release13) including last serving eNB.

· Step 3: UE responds to paging in a cell of a new eNB.

· Step 4: new eNB fetches the context from anchor eNB using the existing X2AP Retrieve UE Context procedure.

· Step 5: new eNB triggers path switch request which triggers Modify bearer request in the EPC

· Step 6: the procedure terminates with UE release request.
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Figure 4: MT data in suspended state in a new eNB

Scenario 3: MO Data Exchange: UE sends data under new eNB within the RAN based paging area
The use case where the UE sends data under new eNB can be easily deduced from the cases above and does not lead to additional X2/S1 messages.

The use case where the UE sends data under new eNB can be performed as follows:

· Step 1: UE send RRC message (TBD) in a cell of a new eNB to inform about MO data exchange.
· Step 2: new eNB sends UE INFORMATION INDICATION message to the anchor eNB.

· Step 3: anchor eNB triggers X2 Context Transfer/ X2 Handover Request.
· Step 4: new eNB triggers path switch request which triggers Modify bearer request in the EPC.

· Step5: the procedure terminates with UE release request.
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Figure 5: MO data when UE within the RAN based paging area under a new eNB

3 Impact to X2/S1 interface
In order to cover all the scenarios above the following messages needed over X2 interface have been summarized per scenario:
	
	Scenario 1.1
	Scenario 1.2
	Scenario 2.1
	Scenario 2.2
	Comments

	X2 UE Information Indication
	X
	X
	X
	
	New message

	X2 Context Transfer
	X
	
	X
	
	TBC if HO Request can be reused or new message.

	X2 Suspend
	
	X
	
	
	New message

	X2 paging
	
	
	X
	
	New message

	X2 Retrieve UE context
	
	
	
	X
	Existing procedure.


On the S1 interface, existing messages can be reused to cover all scenarios.

4 Conclusion and proposals
This paper has evaluated the impacts on X2/S1 interfaces corresponding to the deployment scenarios according to the Light Connected design principles agreed at last RAN3#93. 
Proposal 1: it is proposed to discuss the impacts of Light Connected design principles on RAN3 interfaces S1/X2.

Proposal 2: it is proposed to agree the baseline 36.300 CR in [2] for RAN3 part with the above call flows and also appropriate FFS in the X2AP procedures according to the points pending RAN2 further progress and agreements.
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