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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 

There are actually several possible solutions associated with the Light Connected mode to fulfill the RAN3 requirement above which differ depending on whether this “hiding” happens within the scope of one eNB, of multiple eNBs, or within complete RAN LTE tracking areas. These solutions are investigated and compared in this paper.
2 Description of four solutions
Solution 1: RAN Tracking Area based solution  

In solution 1, the operator partitions the network in small RAN Tracking Areas (RTAs). These RAN Tracking Areas could be seen as RAN equivalent of Tracking Areas defined for the Core Network for idle mode. 

In a similar way as CN TAs are managed by an MME in idle mode, an RTA management by eNB can be done whereby the eNB provides the UE with a list of RTAs. Whenever the UE re-selects a cell of an eNB2 outside the coverage of the provided list of RTAs, it sends an RRC Location Update to eNB2 which then triggers an “Anchor eNB relocation” to become the new Anchor eNB. This relocation is described in details in annex A. 

The features associated with solution 1 are:

· Configuration of RTAs across the network by the operator

· Broadcast of RTA ID by all eNBs 

· Management of RTA lists by eNBs (i.e. eNB sends RTA lists per UE)

· Horizontal Paging over X2 (inter-eNBs) necessary across multiple RTAs i.e. every anchor eNB needs to maintain X2 relationship with all eNBs of any RTA which it has given to the UEs

· Data Buffering/Forwarding at MT across eNBs (case MT on non-anchor eNB of RTA list) associated with horizontal paging and therefore across RTAs
· Relocation of Anchor eNB by all eNBs at MO/MT at non-anchor eNB
· Support of RRC Location Update by all UEs and eNBs

· (Multiple) Relocation of anchor eNB triggered at every RRC Location Update (see annex A-1)
The above steps Horizontal paging over X2, associated Data buffering/forwarding, and Relocation of Anchor eNB at MT are shown in annex A-2.

Solution 2: Hybrid CN-RAN Tracking Area based solution  

In solution 2, the operator partitions the network in small RTAs. Whenever the UE re-selects an eNB2 outside the RTA of the Anchor eNB it sends an RRC Location Update signaling to eNB2. eNB2 suspends the UE and forwards the Suspend over X2 to the Anchor eNB which triggers an S1 Suspend procedure to the MME node. The result of this Suspend procedure is to move the UE into ECM- idle mode. From this point in time idle mode paging is used.

The features associated with solution 2 are: 

· Configuration of RTAs across the network by the operator

· Broadcast of RTA ID by all eNBs 

· Horizontal Paging over X2 (inter-eNBs) limited within one static RTA (the one of Anchor eNB) but NOT across multiple RTAs i.e. a eNB needs NOT maintain X2 relationship with eNBs of adjacent RTAs 

· Data Buffering/Forwarding at MT across eNBs (case MT on non-anchor eNB of RTA) associated with horizontal paging and therefore limited to one RTA
· Relocation of Anchor eNB by all eNBs at MO/MT at non-anchor eNB
· Support of RRC Location Update by all UEs and eNBs

· One X2/S1 Suspend procedure associated with first RRC Location Update (see annex A-3)
The above steps Horizontal paging over X2, associated Data buffering/forwarding, and Relocation of Anchor eNB at MT are shown in annex A-2.
Solution 3: Hybrid CN-Multiple-eNB based solution  

In this solution the RTA concept is not used which avoids the operator to need partitioning its network into RAN areas. Each eNB simply broadcasts it eNB ID. The Anchor eNB provides the UE with a list of eNB IDs. Whenever the UE re-selects a cell of eNB2 outside the coverage of the provided list of eNBs it sends RRC Location Update to eNB2. eNB2 suspends the UE and forwards the Suspend over X2 to the Anchor eNB which triggers an S1-C Suspend procedure to the MME node. The result of this Suspend procedure is to move the UE into idle mode. 
The features associated with solution 3 are: 

· Broadcast of eNB ID by all eNBs 

· Management of eNB lists by eNB (i.e. eNB list per UE)

· Horizontal Paging over X2 (inter-eNBs) limited to a dynamic selection of neighbor eNBs by the anchor eNB

· Data Buffering/Forwarding at MT across eNBs (case MT on non-anchor eNB) associated with horizontal paging therefore limited to a dynamic selection of neighbor eNBs
· Relocation of Anchor eNB by all eNBs at MO/MT

· Support of RRC Location Update procedure by all UE and all eNBs

· One X2/S1-C Suspend procedure associated with first RRC Location Update (see annex A-3)
The steps Horizontal paging over X2, associated Data buffering/forwarding, and Relocation of Anchor eNB at MT are shown in annex A-2.
Solution 4: Hybrid CN-eNB based solution  

In this solution the RTA concept is not used which avoids the operator to need partitioning its network into RAN Tracking Areas. Each eNB simply broadcasts it eNB ID. Whenever the UE re-selects a cell of an eNB2 different than anchor eNB, the UE sends a RRC Location Update signaling to the eNB2. eNB2 suspends the UE and forwards a Suspend Request/Location Report over X2 to the Anchor eNB which triggers an S1-C Suspend procedure to the MME node. The result of this Suspend procedure is to move the UE into idle mode. 

The features associated with solution 4 are: 

· Broadcast of eNB ID by all eNBs 

· Relocation of anchor eNB by all eNBs at MO/MT (see annex A-4)
· Support of RRC Location Update procedure by all UEs and all eNBs

· One X2/S1-C Suspend procedure associated with first RRC Location Update (see annex A-3)
3 Evaluation of the solutions
Loss of Data: unavailable X2 for MT within the LC area
Solutions 1, 2 and 3 share the characteristics that the LC (Light-Connected) Area is made of multiple eNBs. Whenever the UE has moved away from anchor eNB within the LC area and there is MT data coming in, X2 paging and X2 forwarding must take place. If there is no X2 then useless X2 Paging repetitions will take place and data will eventually be lost after recovery over S1.  

The risk is higher with solutions 1 and 2 because it is difficult to ensure that any eNB will always maintain X2 connectivity with all eNBs of a given RTA, and even more difficult across multiple RTAs. Indeed with X2 removal feature the eNBs are assumed to keep some freedom of peer-to-peer X2 setup/removal at any time. 

Solution 3 is less risky because anchor eNB manage dynamically the eNB lists per UE and can take care to not include in the list a neighbour eNB which has no more X2.

Only solution 4 has no risk. 

Issue 1: Loss of data could happen in some solutions.

Dynamic of static RTAs ? : unavailable X2 for UE moving out of LC Area

In solutions 1, 2 and 3, in case UE has no MO/MT and moves out of the LC area, it needs to send RRC Location Report to an eNB2 which is a neighbor of the LC area and which must be forwarded to the anchor eNB. This of course requires X2 connectivity with anchor eNB.

Again for solutions 1 and 2 it is quite difficult to make sure that any eNB will keep X2 connectivity with all eNBs which are neighbour of any eNB of the the RTA or list of RTAs. For solution 3 it is a bit easier but still risky.

In solution 4, this problem does not exist as the UE is moved into idle state.

To alleviate the two issues of X2 unavailability mentioned above for solutions 1 and 2 where it is most critical, one could think to manage dynamic RTAs i.e. RTAs evolving in time taking into account the X2 removals/setups in the network, but this seems quite very complex to define/configure/update RTAs dynamically.
Issue 2: Definition, configuration and update of LC areas dynamically in the network is complex to achieve.

Alternatively, to avoid the issue 1 above means that the size of LC areas will remain limited. Considering a moving UE, this means the anchor eNB relocation signaling above could happen multiple times between two transmission/reception of data in case of solution 1. This is to be compared with solution 4 where the signaling to move UE into suspended state happens only once. Solutions 2 or 3 are in-between.
Issue 3: for moving UEs, anchor eNB relocation in the non-CN hybrid solution 1 can generate extra signaling at every anchor eNB relocation involving additional S1, X2 but most importantly also RRC messages.

Procedural impacts and node impacts

Solutions 1, 2 and 3 use Horizontal paging and associated Data buffering and data Forwarding for MT data whenever the UE is no longer within the coverage of the anchor eNB. This leads to the following additional issues:
· Issue 4: Need to define a new X2 Paging message

· Issue 5: Need to define a new paging identifier over X2 and therefore new PO calculation (similar to 36.304) 

· Issue 6: Need of huge buffering in anchor eNB for all the UEs it serves being paged in LC mode

· Issue 7: Need of forwarding this huge buffered data over X2 and the last mile (tromboning effect) 

· Issue 8: Data loss if new eNB has no X2 with anchor eNB -> need to dynamically manage LC areas (see above)

· Issue 9: Increase of contexts in the SGW (always –on, stateful SGW instead of stateless SGW)

Besides, for the CN-hybrid solutions 2, 3 and 4 the S1 suspend procedure and X2 context retrieval already exist but one needs to define a new Suspend Request message over X2 from eNB2 to anchor eNB so that the anchor eNB can trigger the S1 suspend procedure when the UE moves out of the LC area.  
The following table summarizes the evaluation of the solutions:

	
	Solution 1
	Solution 2
	Solution 3
	Solution 4

	Configuration of RTAs in operator’s network
	X
	X
	
	

	Management of per UE tracking area lists within the RAN
	X
	X
	X
	

	Loss of data 
	X
	X
	
	

	Need to define new X2 paging and paging identifier and PO calculation
	X
	X
	X
	

	Extra buffering in eNBs
	X
	X
	X
	

	Forwarding traffic in transport network
	X
	X
	X
	

	Stateful SGW impact
	X
	X
	X
	

	Extra signaling for successive Anchor eNB relocation 
	X
	
	
	

	Need to define a new X2 Suspend procedure
	
	X
	X
	X


4 Conclusion and proposals
This paper has compared multiple candidate solutions to fulfil the following WI requirement involving RAN3 of signalling reduction associated with light connected state:

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

Proposal 1: it is proposed to capture the four solutions elaborated in section 2.

Proposal 2: it is proposed to capture the evaluation table elaborated in section 3.
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6 Annex A-1: Relocation of Anchor eNB associated with RRC Location Update
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7 Annex A-2: Horizontal Paging and associated data buffering/forwarding at MT together with Anchor eNB relocation 
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8 Annex A-3: RRC/X2/S1-C Suspend at RRC Location Update 
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9 Annex A-4: Vertical paging together with Relocation of Anchor eNB at MT after a suspension 
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