3GPP TSG-RAN3 Meeting #93 
R3-161720
Gothenburg, Sweden, 22-26 Aug, 2016
Title: 
RAN initiated paging
Source: 
Huawei
Agenda Item:
21
Document for:
Discussion 
1 Introduction

The Work Item on Signalling reduction to enable light connection for LTE was approved at RAN#71 [1]. And in the past two RAN3 meetings, the topic was roughly discussed and waiting for RAN2 input.

In last RAN2 meeting, an LS was sent to RAN3 in [2], with the following RAN2 agreements:

	RAN2 had discussed the paging issue for the light connection in RAN2 #94. RAN2 agreed that:

The S1 connection of a "lightly connected" UE is kept and active, in order to hide the mobility and state transitions from the CN. From RAN2 perspective, for the "lightly connected" UE, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing the latency. Thus the RAN initiated paging can be introduced from RAN2 perspective.


Based on this input, we provide the impacts analysis of the RAN initiated paging on RAN3.

2 Discussion 
2.1 RAN based paging area configuration
The Signalling reduction gain of using RAN based paging area has been shown in [2] and [3]. There are two possible ways to provide the RAN Based Paging area configuration to the UE:

· Option 1: Common paging area configuration
The cell group for paging area may be preconfigured by OAM in the network side at cell group level, and all the cells belonging to one paging area broadcast the same paging area identity (e.g. PA=1, PA=2, etc). The UE is able to know if the paging area changes or not by listening to system information broadcasting.
In this option, if one Paging Area includes multiple eNBs, each eNB in a Paging Area needs to have X2 interfaces with all the other eNBs within the same Paging Area, and the PAI of each cell needs to be exchanged between eNBs via X2 interface.

· Option 2: Dedicated paging area configuration
In this option the anchor eNB configures a RAN based Paging area (i.e. a list of cells) to a lightly connected UE. The UE is able to know if it is still in the configured paging area or not based on whether it moves to a cell belongs to the configured paging area or not. The anchor eNB could configure different paging areas to different UEs according the X2 availability, the UE position, UE speed, traffic patterns, etc.
In this option, if the configured Paging Area includes cells belongs to multiple eNBs, all the other related eNBs need to have X2 interface with the anchor eNB of the UE.

Option 2 requires more dedicated signalling comparing with the Paging Area Identity broadcasting in option1, but Option2 is much more flexible as option1 requires full X2 connections among all the eNBs, and option2 only requires X2 with the anchor eNB. On the other hand, Option2 can take UE specific characters into account, for example UE speed, traffic patterns, etc, and then the paging area update load and paging load could be balanced and controlled by the network. Based on these, it is preferred to use dedicated paging area configuration for each UE.

Conclusion 1: the anchor eNB configures the RAN based Paging area (i.e. a list of cells) to the lightly connected UE.
Considering of the network topology, UE moving speed, an anchor eNB may only configure few cells of its own to the UE, e.g. a UE almost static, or an anchor eNB covers very big area, RRU Pool eNB, etc, and it may also configure cells belongs to multiple eNBs as the UE’s Paging area, e.g. a fast moving UE, in an area covered by multiple eNBs.
Conclusion 2: which cells to be included in the RAN based Paging area of the UE is anchor eNB implementation, it may only include cells belong to the anchor eNB, it may include cells belong to multiple eNBs.
2.2 RAN based paging area update (RAN based PAU) 
To ensure the UE lightly connected could be addressed in the right RAN based Paging Area, the UE needs to notify the network when it moves out of the configured RAN based paging area. 
If the UE moves out of the configured Paging Area, if the new cell still belongs to the anchor eNB, the anchor eNB will configure a new Paging area to the UE, this RAN based PAU can be achieved without RAN3 impact.

If the new cell belongs to another eNB, as illustrated in Figure3, once the eNB receives the notification for RAN based paging area update from the UE, the new serving eNB will trigger the context fetch towards the anchor eNB and reconfigure a new RAN based paging area to the UE, then the serving eNB becomes to the anchor eNB of the UE. 
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Figure 1 RAN based paging area update triggered anchor eNB change
There also exists scenario where no X2 between the serving eNB and the old anchor eNB. For example, as shown in following figure 2, the paging area includes several eNBs and the serving eNB is not neighbor of anchor eNB of the UE and thus maybe no X2 exists between anchor eNB and serving eNB. In such case the S1 context fetch procedure needs to be used instead. The detail on context fetch could be found in [5].
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Figure 2 RAN based paging area update without X2
Conclusion 3: RAN based PAU will trigger X2 or S1 UE context fetch from new eNB to anchor eNB.
2.3 RAN based Paging
After introducing of the RAN based Paging Area, the location of the UE will be known in the RAN based Paging area granularity. As shown in Figure 3 when downlink data or signalling received by the anchor eNB from the CN:

· If RAN based Paging area of the UE (UE1) only includes cells belongs to the anchor eNB (eNB1), the anchor eNB (eNB1) will trigger Uu Paging in the corresponding cells.

· To support this, the anchor eNB has to know the paging related information of the UE which are currently included in S1 paging message for example UE DRX information, UE paging ID, etc.

Conclusion 4: In order to page the UE in Uu interface, the eNB needs to get the paging related information of the UE for example UE DRX information, UE paging ID, etc.
· If RAN based Paging area of the UE (UE2) includes cells belongs to multiple eNBs (eNB2, 3), the anchor eNB (eNB2) will trigger X2 PAGING towards the related eNBs (eNB3), and all the relevant eNBs (eNB2, 3) trigger Paging in the corresponding cells. 
· If the UE accesses from other eNB (eNB3) rather than the anchor eNB (eNB2), X2 UE context fetch will be triggered, and the new serving eNB (eNB3) will becomes to the anchor eNB of the UE.
· The X2 PAGING message needs to include the Cell list to trigger Uu paging, the UE identity to be used for Uu Paging, the DRX information of the UE, etc.
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Figure 3 RAN based Paging

Conclusion 5: in case RAN based Paging area of the UE includes cells belongs to multiple eNBs, X2 PAGING will be triggered by the anchor eNB.
3 Conclusion and Proposal
In this contribution, we analyses the concept of RAN initiated paging, including RAN based paging area configuration, RAN based PAU, and RAN based Paging, and get the following conclusions:

Conclusion 1: the anchor eNB configures the RAN based Paging area (i.e. a list of cells) to the lightly connected UE.

Conclusion 2: which cells to be included in the RAN based Paging area of the UE is anchor eNB implementation, it may only include cells belong to the anchor eNB, it may include cells belong to multiple eNBs.
Conclusion 3: RAN based PAU will trigger X2 or S1 UE context fetch from new eNB to anchor eNB.
Conclusion 4: In order to page the UE in Uu interface, the eNB needs to get the paging related information of the UE for example UE DRX information, UE paging ID, etc.
Conclusion 5: in case RAN based Paging area of the UE includes cells belongs to multiple eNBs, X2 PAGING will be triggered by the anchor eNB.
It is proposed to agree these conclusions, and further discuss and introduce the following aspects in RAN3 to support RAN initiated paging:
- X2 and S1 UE context fetch procedures
- eNB to get the paging related information of the UE
- X2 PAGING
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