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1. Introduction 
RAN3#91bis agreed to focus on paging optimization in this quarter. 
Focus on paging optimization this quarter, if any…. 
e.g. New state impact, RRC/S1 signaling impact …. Next quarter
The open issue is to verify the benefit and impact of the paging initiated by RAN against the rel-13 paging enhancement. 

Paging initiated by RAN (reduce paging area, …. ) Need to clarify the benefit, the impact of paging optimization against rel-13 enhancement …..
In this paper, we analyze the benefits and the impacts of the paging initiated by RAN against the rel-13 paging. According to the agreement in RAN91bis, this analysis is based on the current Uu mechanism without regard to the new state or other potential Uu optimization for light connection. 

2. Discussion
2.1  eNBs with or without X2 with the lasting serving eNB

[image: image1.emf]MME/SGW

eNB eNB

S1

S1

X2

MME/SGW

eNB eNB

S1

S1

MME/SGW

eNB eNB

S1

MME/SGW

S1


Proposal1: It is proposed to consider the deployments scenarios with and without X2 to analyze the impact and benefit of the paging initiated by RAN. 

In rel-13 paging enhancement, in order to narrow down the paging area, the MME/Enb may extend the paging area step by step. The MME may send paging message to different eNBs in different paging attempts, e.g: 

· First paging:  Enb-1;

· Second  paging: Enb-1, Enb-2, Enb-3, 

· ……
· Last paging: the whole TAI list

eNB-1 is the last serving eNB of the UE and eNB-1 may have X2 with eNB-2 but may not have X2 with eNB-3.

Against rel-13 paging enhancement, the light connection saves five S1/S11 messages during UE connection release:

	rel-13 paging enhancement
	Light connection

	· Release UE Context Request / Response /Complete (S1) , 

· Release Bearer Request/Response (S11)
	When the eNB release the UE, the eNB keeps the UE context and UE associated S1 connection. 
The eNB needs to store the DL data in case the UE in idle.
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Fig1

For paging initiated by RAN, the paging is initiated by the last serving eNB, i.e. eNB1
· If the paging area is limited to the last serving cell or the last serving. In comparison of rel-13 paging enhancement, light connection saves 1 paging message. 

	rel-13 paging enhancement
	Light connection

	· Paging (S1) 
	--


· If the paging area is extended to the cells under eNB-2 having X2 with eNB-1.The paging could be relay over X2. In comparison of rel-13 paging enhancement, light connection save 1 paging message.
	rel-13 paging enhancement
	Light connection

	· Paging to eNB-1 and eNB-2 (S1) 
	· Paging to eNB-2 (X2)  


· If the paging area is extended to the cells under eNB-3 without X2 with eNB-1. Although the cell under the eNB-3 is the cell where the UE likely to stay, the paging initiated by RAN cannot extend the paging area to eNB3. 

For paging response for the paging initiated by RAN or UE access an eNB directly:
· If a UE responses the paging to the eNB-1 or the UE access to eNB-1, the S1/S11 signaling for UE connection setup are saved.
	rel-13 paging enhancement
	Light connection

	· Initial UE message, Initial Context Setup Request/Response (S1), 

· Modify bearer request/response (S11).
	


· If a UE responses paging to the eNB-2 having X2 with eNB-1 or the UE access to eNB-2, the UE context could be fetched over X2. The light connection anchor could be relocated to the eNB-2. Although the light connection has 9 messages against 5 messages in rel-13 during UE connection setup, the light connection still save 5 messages during UE connection release, so the benefit of signaling reduction still could be confirmed. However, the data forwarding is required between eNB-1 and eNB-2, which cause the extra backhaul overhead.
	rel-13 paging enhancement
	Light connection

	· Initial UE message, Initial Context Setup Request/Response (S1), 
· Modify bearer request/response (S11).
	· Retrieve UE Context request/response(X2), 

· Path Switch request/response (S1), 

· Modify bearer request/response (S11), 

· UE Context Release Request/Response(X2), 

· SN Status Transfer(X2). 


· If a UE access to the eNB-3 without X2 with eNB-1, eNB-3 cannot obtain the UE context according to the X2 based UE context fetch procedure.
In hence, only when the paging is restricted in the last serving eNB and the other eNBs having X2 with the last serving eNB, the paging initiated by RAN makes sense and the benefit for S1/S11 signaling reduction could be compared in comparison of rel-13 paging optimization.
Observation1: if the paging is restricted in the last serving eNB, the paging initiated by RAN makes sense and the S1/S11 signaling is reduced obviously in comparison of rel-13 paging optimization.

Observation2: if the paging is extended to the other eNBs having X2 with the last serving eNB, one S1/S11 signaling is reduced and extra overhead of backhaul is resulted in comparison of rel-13 paging optimization.

Observation3: In comparison to rel-13 paging enhancement, the eNB cannot extend the paging area to anther eNB without X2 with the last serving eNB.

2.2 Paging area for RAN paging against theTAIlist for MME paging 
For Rel-13 paging, in case the paging with the recommended celli list fails to find a UE, it could fall back to the paging with the whole TAI list  in case UE moving out of the recommended cells . i.e. the MME paging the whole TAI list. 

For the paging initiated RAN, in order to avoid paging failure result from UE moving out of the paging area allowed for the last serving eNB, a RAN side location update is required. The new eNB receiving the RAN side location update should fetch the UE context and path switch to the MME.

The paging load for the paging initiated RAN is reduced with regard to the paging area allowed for the last serving eNB is far smaller than the TAI list. But at the same time, the signaling overhead is increased with regard to the extra signaling for RAN side location update and the anchor eNB relocation.

	rel-13 paging enhancement
	Light connection

	· Paging the whole TAIlist, 

	· Smaller  paging area comparing to the whole TAI list 

· More signaling for RAN side location update and the anchor eNB relocation


Obervation4: In comparison of the whole TAIList Paging, the paging initiated by RAN reduces the paging load and increases the signaling load. 
2.3  Data loss in case the UE access to another eNB without X2 with the last serving eNB 

When the UE setup the UE connection for TAU Update, if the DL data happens to arrive at the SGW, the MME also setup E-RAB for the UE. 
	23.401

If the "active" flag is not included in the TRACKING AREA UPDATE REQUEST message, the MME may also re-establish the radio and S1 bearers for all active EPS bearer contexts due to downlink pending data or downlink pending signalling.


It is the same scenario for light connection, when the UE moves to eNB-3 without X2 with eNB-1. The eNB-3 must be out of the paging area allowed for eNB-1.  When the UE starts to access to eNB-3 for RAN side location update, if  the DL data happens to arrive at eNB-1, the data loss is resulted. In hence, UE in the light connection is in risk of data loss.
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Observation5: The UE in the light connection is in risk of data loss. 

2.4  Summary

eNB-1: the last serving eNB in light connection.
eNB-2: the eNB having X2 with eNB-1.
eNB-3: the eNB having no X2 with eNB-1.
Tabular -1 Summary of impacts for paging in Light connection
	
	feature
	Impacts

	Light connection
	RAN Initiated Paging 


	When the eNB releases the UE, the eNB keeps the UE context and UE associated S1 connection..

The MME recognizes the UE still in ECM_connected and DL data is buffered at the last serving eNB.

	RAN Initiated Paging 

In eNB-1
	Paging eNB-1
	--

	
	Paging eNB-2
	Paging is required to be relayed over X2

	
	Paging eNB-3
	The eNB cannot extend the paging area to anther eNB without X2 with the last serving eNB.

	Paging response or UE connection Setup:
	UE access eNB-1
	--

	
	UE access to eNB-2
	Twice backhaul overhead for data forwarding from SGW to eNB-1 and from eNB-1 to eNB-2.

	
	UE access to eNB-3
	The UE in the light connection is in risk of data loss. 

	 Allowed Paging Area
	Avoid paging failure result from UE moving out of the paging area allowed for the last serving eNB
	Smaller  paging area comparing to the whole TAI list 

More signaling for RAN side location update and the anchor eNB relocation


In a nutshell, only in case the UE reconnects to the last serving eNB, the benefit of the light connection is obvious. But the UE cannot be forbid to access to an eNB other than the last serving eNB and the UE context fetch over X2 already supported. It may not a bad idea to allow this inter eNB scenario. Anyway, all of impact should be fixed to support the paging initiated by RAN.
Proposal2: Take the impacts of the tabular into consideration to support the paging initiated by RAN.

3. Conclusion 

In this paper, we analyze the impact and the benefit of the paging initiated by RAN.

Proposal1: It is proposed to consider the deployments scenarios with and without X2 to analyze the impact and benefit of the paging initiated by RAN. 

Proposal2: Take the impacts of the tabular into consideration to support the paging initiated by RAN.

Observation1: if the paging is restricted in the last serving eNB, the paging initiated by RAN makes sense and the S1/S11 signaling is reduced obviously in comparison of rel-13 paging optimization.

Observation2: if the paging is extended to the other eNBs having X2 with the last serving eNB, one S1/S11 signaling is reduced and extra overhead of backhaul is resulted in comparison of rel-13 paging optimization.

Observation3: In comparison to rel-13 paging enhancement, the eNB cannot extend the paging area to anther eNB without X2 with the last serving eNB.

Obervation4: In comparison of the whole TAIList Paging, the paging initiated by RAN reduces the paging load and increases the signaling load. 
Observation5: The UE in the light connection is in risk of data loss. 
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