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Abstract of the contribution: this paper provides the material for responding to SA2 LS in S2-150698 asking RAN3 for guidance on paging optimization schemes.  
Introduction
RAN3 has received the LS from SA2 on paging optimization in S2-150698/ R3-150345. In this LS, SA2 proposes the idea to add the supported frequency bands to the “UE Radio Capability for Paging” IE defined in release 12 sent by eNB and stored in MME to be relayed in paging messages. They also ask RAN3 for guidance on “how to limit both MME and radio interface paging load”. This guidance refers to several proposals that were discussed at last SA2 meeting which description can be found in:

1. S2-144244: The MME provides the last known ECGI in the Page Request to suggest that the eNB limits paging in this particular cell;

2. S2-144273: The MME sends the Page Request to the last used eNB with a request that the eNB then relays the page message via X2 interface to appropriate neighbour eNBs (e.g. those that are frequently used for handover);

3. S2-143891: At S1 Release, based on connected mode information, the serving eNB provides current UE’s cell coverage information in terms of neighbouring eNBs to the MME, and the MME selects the eNBs to send Page Requests to.

This paper  reviews the various proposals above to provide guidance and a response LS to SA2 is in R3-15xxxx.

Discussion
S2-144244: This is a very simple solution, but it is only focusing completely stationary UEs. Furthermore, even for stationary UEs, there might be some issues due to the fact that the radio environment is not always a stable as it is expected. For example, the UE may have used a cell at some time but that cell coverage might not reach the UE some time after because of e.g. a new obstacle between the UE and the base station such as a car, or a specific overload of that particular cell at that time, etc.  It would be better to add some neighbour cells in order to save signalling in more situations. 

S2-144273: An alternative solution is proposed in which
· The MME may send a first page in the area of the last used eNodeB: it proposes to not only page the last cells, but an area around it.

· Then the MME would page only the last eNB plus adjacent cells via X2 interface. Three observations can be made: 
1. This means that there are cases where neighbouring cells not belonging to the last eNB should be considered;

2. When the MME pages the serving eNB, the UE context is not there anymore and using X2 interfaces for paging would result in paging in a set of neighbouring cells which is the same for all UEs i.e. not specific to the UE.  

3. The way to reach these cells (via X2 interface) is somehow delegating the paging strategy to the RAN. We believe that the MME should not delegate too much paging strategy to the RAN. 

4. Moreover, there are many cases where X2 interfaces are not deployed everywhere. 

 S2-143891: The solution is based on the fact there is a need to page in neighbour eNBs (on this aspect it is almost on the same line with S2-144273, except that it does not propose neighbour cells but only neighbour eNBs in their whole): even a stationary/fix UE may be under the coverage of overlapping cells of different eNBs, M2M device's registered cell may change due to changes in the surrounding environment (increase/decrease in interference depending on degree of traffic congestion, presence/absence of moving obstacles like automobiles, etc.). However, it does not use X2 interfaces but S1 interface. 
One issue is that an eNB can be a large eNB, and this scenario has not been taken into account. It is not optimized enough to page in eNBs: We believe that it is necessary to be able to page in cells and neighbour cells. These cells might be in the serving eNB and/or in neighbour eNBs. 
Moreover, instead of paging in neighbouring cells valid for all UEs, the mechanism proposed in S2-143891 (using S1 Release to provide the MME with the list of eNBs/cells) allows to provide the MME with a fresh list of eNBs/cells that is specific to the UE (e.g. the last set of cells the UE has been connected to, with their neighbours). The main idea is to keep this fresh list of cells somewhere even after the deletion of the UE context in the eNB: the list of cells is to be stored in the MME for further paging. The fresher list of cells would be obtained if the eNB sends it at S1 Release. No need to send it before. 
ALU proposal 1: In order to minimize the cells through which the UE will be paged in the first place while maximizing the paging success a list of cells towards which the UE should be paged (in the rest of the document we call it the list of “recommended cells for paging”) should be provided by the serving eNB to the MME at S1 Release. 
ALU proposal 2: In order to minimize the area i.e. the number of cells through which the UE will be paged in the first place while maximizing the paging success the list of “recommended cells for paging” should be built by the serving eNB from the cells the UE has been connected to and from their neighbours. 

How the list of recommended cells could be built by the eNB?

· The serving eNB knows the list of cells the UE has been connected to within the eNB.
· The serving eNB also knows the neighbour cells of those cells, thanks to the Automatic Neighbour Relation (ANR) procedures. See TS 36.300 clause 22.3.2a.

· Among this list of neighbour cells and from the UE Radio Capabilities, the serving eNB can derive a “list of neighbour cells that are compatible with the UE Radio Capabilities”. 

· The serving eNB knows the list of cells that the UE has been connected to, thanks to the UE History Information. See TS 36.413 clause 9.2.1.42. Note that this IE also includes the duration of the time the UE stayed in each cell, and from this an “age” can be derived by the Serving eNB.
· In order to align the contents of UE History Information IE to the serving eNB knowledge on local cells, we propose to add a (restricted) list of neighbour cells for each cell included in the UE History Information. The duration of the time the UE stayed in each cell would also be used for the corresponding neighbour cells. We also propose that, for each cell the UE has been connected to, the list of neighbour cells is compatible with the UE Radio Capabilities. 
· From all these above information, the serving eNB can easily build a list of recommended cells for paging. It is not intended to standardize how this list is built: much other available information can be used additionally.  
ALU proposal 3: In order to allow the serving eNB to build the list of recommended cells for paging, it is proposed to enhance the UE History Information with the addition of the list of neighbour cells to cells the UE has been connected to.  
Another aspect is “how long the list of recommended cells for paging is valid?”
We believe that it should be possible for the MME to decide whether this list of cells for paging is valid. After a certain time, there is no real benefit to page the UE in these recommended cells because there is no chance to reach the UE. It depends on whether the UE is a fix UE a stationary UE or a mobile UE. 

ALU proposal 4: The MME may store the list of recommended cells with a timestamp in order to assess whether the list of recommended cells for paging is still relevant or not when paging the UE later on.

About the organization of the recommended cells for paging, it can be observed that the MME does not manage cells but eNBs. Hence, it seems reasonable to organize the “list of recommended cells for paging” per eNB to be paged. 

It is also not needed that the MME exactly knows the list if cells per eNB: it is only required that the MME knows that it is a list of cells. So that the “list of recommended cells” (per eNB) could be carried in a transparent container.
ALU proposal 5: The list of recommended cells for paging sent by the serving eNB to the MME is organized as a list of eNBs to be paged, each one with a list of recommended cells for paging in a transparent container.

Proposal

It is proposed to discuss the above proposals one by one, and to agree on the proposals 1 to 5.

Alcatel-Lucent has drafted a corresponding LS response to SA2 in R3-150355.

Annex
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History Information
The UE goes via the following cells:
first cell11 (for duration 11), then cell12 (for duration 12), then cell 21 (for duration 21), then cell31 (for duration 31), then cell13 (for duration 13). The last serving eNB knows it via the History Information passed from eNB to eNB. 
History Information can be enhanced
Neighbour cells of these cells can be added to the History Information: 
The UE goes via the following cells: 
- first cell11 (immediate neighbours compatible with UE frequency bands 15, 16, 17, 18) (for duration 11), 
- then cell12 (immediate neighbours compatible with UE frequency bands 11, 13, 15, 22) (for duration 12), 
- then cell21 (immediate neighbours compatible with UE frequency bands 12, 22, 23, 24, 25, 31) (for duration 21), 
- then cell31 (immediate neighbours compatible with UE frequency bands 21, 12, 25, 32, 13) (for duration 31), 
- then cell13 (immediate neighbours compatible with UE frequency bands 12, 31, 33, 34, 14, 15) (for duration 13). 

The list of recommended cells (all compatible with UE frequency bands) can be built by the last serving eNB on all these above information. Each cell is known with the UE’s duration of stay. So, the last serving eNB can only recommend the most recent cells the UE was connected to. 

Advantages of sending “recommended cells” compared to sending “neighbour eNBs”: the MME will not page in cells where the UE is unlikely to go. This is particularly valid if an eNB has many cells (we should also not forget virtualization aspects). 

Advantages of sending “recommended cells” compared to sending “last known cell” and to sending “last known cell and its neighbour cells”: an UE that is a bit more mobile than stationary will be paged in the first place. 
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Example with 3 eNBs, which contain a significant number of cells





eNB 1 (green cells)





eNB 2 (red cells)





eNB 3 (blue cells)
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