
3GPP TSG-RAN WG3 Meeting #93bis 
R3-162490

Sophia Antipolis, France, 10-14 Oct. 2016
Source:                    
NTT DOCOMO, INC.
Title: 
Response to R3-162156
Document for:        
Discussion
Agenda Item:         
21.1
1. Introduction
In the last meeting in Gothenburg, RAN2 agreed on following:
	Agreements:

the functions of a lightly connected UE include:
· S1 connection is kept and active in the “anchor eNB” 
· Support of RAN initiated paging
· The paging process is controlled by “anchor eNB”

· eNB controlled RAN based paging area
· RAN based paging area update mechanism. RAN based paging area can be configurable as UE specific

· Performing cell reselection based mobility, the same cell reselection mechanism in RRC IDLE.

· The UE AS context is kept in both UE and “anchor eNB” side.
· The ECM state is ECM-CONNECTED, from perspective of network. From UE perspective the state is FFS.

· When a "lightly connected" UE is paged (via RAN-initiated paging) or when any MO data/signaling is triggered, the UE will get back to be connected to eNB. The related procedure is FFS.
· A UE enters into "lightly connected" by RRC signaling. The details are FFS.


In this contribution, we compare the signalling impact of RAN based paging with that of conventional method (i.e., Paging optimization introduced in Rel-13), and discuss the possible solutions of RAN based paging.
2. Discussion
RAN based paging with X2 paging vs Paging Optimization

Firstly, we discuss the signalling impact of RAN based paging using X2 paging and the Rel-13 Paging optimization. The following are the assumptions of the discussion scenario, which is shown in Figure 1:
· 2 eNBs (eNB#1 and eNB#2) are located in the same tracking area.

· For RAN based paging, eNB#1 and eNB#2 are included in the same RAN based paging area.

· For Paging optimization, eNB#1 and eNB#2 are included in Recommended eNBs for paging [1] when the eNBs transmit UE Context Release Complete to EPC.
· eNB#1 releases the RRC Connection of an UE (i.e., eNB#1 will be anchor eNB for RAN based paging). The UE reselects from a cell in eNB#1 to the one in eNB#2. Then, EPC triggers downlink transmission.
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Figure 1: Discussion scenario
The signalling procedures when applying RAN based paging with X2 paging and the Rel-13 Paging optimization are illustrated in Figure 2 and Figure 3, respectively.

In the case of RAN based paging with X2 paging, firstly S1-U data is transmitted from EPC to eNB#1 (anchor eNB), since the S1 connection of the UE is kept. Then, eNB#1 transmits RRC paging in the associated cells and performs X2 paging forwarding to the other eNBs in the RAN based paging area (only eNB#2 in this scenario). 
In the case of the Rel-13 Paging optimization, firstly EPC transmits S1 paging only to eNB#1 and eNB#2, which were informed as recommended eNBs for paging. Then, eNB#1 and eNB#2 transmits RRC paging in the associated cells. 
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              Figure 2: RAN based paging w/ X2 paging                         Figure 3: Paging optimization 
Comparing figure 2 and 3, although the number of S1AP signalling and processing requirement in MME are reduced by applying RAN based paging with X2 paging forwarding, from overall system perspective, the gain is not significant because the similar number of signalling is shifted to X2 and processing requirement are just distributed to the eNBs. Moreover, if we look at the usage of transport network resources, we can see that RAN based paging with X2 paging forwarding consumes more resources. Assuming typical tree topology of RAN-CN transport network architecture, X2AP signalling is not transmitted directly between two eNBs, but routed via Security GW typically located between EPC and eNB. This means 1 X2AP signalling would consumes 2 times of transport network resources compare to 1 S1AP signalling. If we include the transport resource used for S1-U, it becomes clear that RAN based paging with X2 paging forwarding consumes much more transport network resources and the necessary processing compare to legacy Paging Optimization mechanism. Note that, this observation holds even if we consider the scenarios with more eNBs in the RAN based area or Recommended eNBs for paging. Table 1 summarizes the number of signalling in each procedure. From the above discussion, it seems that X2 paging would not contribute to reduce the signalling impact.
Observation 1:
Compared to the Rel-13 Paging optimization, RAN based paging with X2 paging would not contribute to reduce overall network signalling and transport network resources usage and processing.
Table1. Comparison of signalling impact and usage of transport network
	
	The number of signalling and usage of transport network

	
	S1
	X2
	RRC
	Transport NW resource
= 1*S1 + 2*X2

	RAN based paging w/ X2 paging
	1
	Num. of eNBs in the RAN based paging area  1
	Num. of cells in the RAN based paging area
	1+ 2x (num. of eNBs in the RAN based paging area  1)

	Paging optimization
	Num. of eNBs in Recommended eNBs for paging
	
	Num. of cells in Recommended eNBs for paging
	Num. of eNBs in the RAN based paging area


RAN based paging considering UE mobility outside RAN based paging area
Assuming the anchor eNB performs X2 paging forwarding to the eNBs within the RAN based paging area, and UE indicates to the eNB whenever it goes out and in to different RAN based paging area, the use case of non-stationary UE that moves to the area outside the RAN based paging area is considered in the following section. For simplicity, RAN based paging area is defined such that it covers only one eNB, and the UE moves to the neighbouring eNB. The following two solutions are compared:
· Solution 1: Perform Area update procedure when the UE is leaving from RAN paging area, in this case anchor eNB

In this case, RAN Area update procedure, which is performed when the UE in RRC_IDLE is leaving from anchor eNB, is newly defined. Figure 4 (a) shows the RAN Area update procedure. Firstly, the UE initiates the Area update procedure, and transmits Area Update Request to eNB#2. The request is informed to EPC via eNB#1 (anchor eNB), and eNB#1 transmits Area Update Request Acknowledge to eNB#2. Path switch may be performed from the EPC to the new eNB. 
· Solution 2: Indicate the failure of Paging procedure to the EPC

This case is shown in Figure 5. When anchor eNB (eNB#1) receives S1-U data from EPC, eNB#1 transmits RRC paging in the associated cells in eNB#1. If the UE is located in eNB#1, legacy paging procedure will be performed. If the UE is located in another eNB (eNB#2 in Figure 5), eNB#1 will not receive paging response from the UE. At some point of time e.g., at expiry of an implementation basedtimer, eNB#1 transmits to EPC the Failure Indication (possibly including the Paging message), then EPC will then forwards/transmits S1 paging to all eNBs in RAN based paging area except eNB#1.
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Figure 4: RAN based paging area using area update procedure
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Figure 5: RAN based paging area using failure indication
From both figure 4 and 5 we can see that if non-stationary UE needs to be addressed with RAN based paging, impacts ranging from significant (i.e., solution 1) to less significant ones (i.e., solution 2) are foreseen. It is also obvious that if non-stationary UE needs to be addressed, it can sufficiently be addressed with solution 2 since it would result less necessary signalling and less specification impacts (i.e., no RAN based paging area nor RRC Area Update procedure is needed to be defined). 
From these observations, we can understand that the signalling reduction gain of RAN based paging solution (i.e., inactive UE with CN connection kept) is best when applied to stationary UE. 
Observation 2:
RAN based paging solution is effective to reduce signalling impact only for stationary UEs.

Observation 3: 
If non-stationary UE case is addressed, significant impacts (i.e., additional signalling in RRC, X2, and S1) are foreseen.
Proposal 1:
RAN based paging should be applied only for stationary UEs.

Proposal 2:
If non-stationary UE case is addressed, introduction of a paging failure indication procedure to allow EPC paging transmission may be considered.
3. Summary and Proposal
In this contribution, we compared the signalling impact of RAN based paging with that of Paging optimization, and discussed the possible solutions of RAN based paging. Following are the summary of our observations and proposal:
Observation 1:
Compared to the Rel-13 Paging optimization, RAN based paging with X2 paging would not contribute to reduce overall network signalling and transport network resources usage and processing.
Observation 2:
RAN based paging solution is effective to reduce signalling impact only for stationary UEs.

Observation 3: 
If non-stationary UE case is addressed, significant impacts (i.e., additional signalling in RRC, X2, and S1) are foreseen.
Proposal 1:
RAN based paging should be applied only for stationary UEs.

Proposal 2:
If non-stationary UE case is addressed, introduction of a paging failure indication procedure to allow EPC paging transmission may be considered.
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