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1
Introduction

RAN3 received an LS from SA2 in R3-150345 on "Paging Optimization" at RAN3#87 [1]. The main aim of those paging optimisations considered by SA2 was the reduction of the paging load both, on the radio interface and on S1-MME.

This document discusses 2 types of information provided to the eNB that could achieve this goal: 

-
cells the UE has visited in the past

-
the number of paging attempts performed for the same UE and the same event
2
Discussion

2.1
General

The CN has been always responsible for the paging strategy when several nodes were involved (see also [1]). The paging scope possible up to Rel-12 was either the whole eNB or within certain tracking areas or within certain CSGs.
Observation 1 Future requirements seem to require a further reduction of the paging scope to cell level.
Another dimension in optimising the effort in paging the UE could be to let the E-UTRAN know how many paging attempts have been performed already without success. This may help the eNB to estimate the necessary effort (it terms of energy and scope)
Observation 2 Providing a paging attempt counter to the E-UTRAN may help to further optimise the paging strategy.
2.2
Paging scope on cell level

A first approach, easy to achieve

In Rel-12, User Location Information was introduced allowing the CN to know where an E-RAB or a user connection was released. This information may provide already substantial input to a greatly reduced paging scope, at least at the first paging attempt – if the UE is known (e.g. due to a special subscription) to be stationary.

This approach would require including the last visited cell – as reported within the User Location Information – into the PAGING message to indicate the reduced paging scope.
The downside of this approach is of course that the ULI might be outdated very soon which would reduce the likelihood to reach the UE at the first paging attempt. We would recommend this approach only in very limited applications and rather page within the whole eNB area.
Observation 3 Paging success is likely to degrade if only the last visited cell is paged. This approach should not be followed.
Another approach, requiring more effort

We could borrow a Rel-8 concept, the UE History Information, to enhance the first approach by mobility history information of the UE, including also history information of cells visited by the UE in IDLE.

By this, paging could get more focussed and accurate, especially if the UE mobility history information is accompanied by timing information. Cells with an older time-stamp could get out of the paging scope at the first attempt, where only the most recent cells will be paged.

Observation 4 Collecting UE mobility history information including cells the UE visited in idle and connected could aids to reduce the paging scope while keeping the likelihood to reach the UE high.
As the UE mobility history information is derived from information available at E-UTRAN it should also be kept maintained by the E-UTRAN. The MME could be able to access this information, at least partly, but it should not be allowed to modify it. At connection release, the UE mobility history information is stored back at the MME, at context setup it is provided to the eNB, which is expected to further maintain it.

There wouldn’t be any need to explicitly distinguish cells the UE visited in IDLE or CONNECTED within the UE mobility history information.

There are two alternatives conceivable:

Common to both alternatives would be an ordered list of last visited cells accompanied with timing information (the “UE mobility history information”) which is provided to the MME at connection release.

Alternative 1: The MME deduces the eNBs to be paged from the ECGIs contained in the mobility history information.
Alternative 2: In addition to the mobility history information, the eNB provides an ordered list of last visited eNBs accompanied with timing information to the MME at connection release. The complete last visited cell information is provided to the MME in a transparent way, i.e. there is no need for the MME to process the mobility history information.
Both alternatives work in the same way and only differ in processing effort within the MME. Clearly, Alternative 2 allows a simpler paging scheme for the MME, whereas Alternative 1 would require the MME to process the whole list of last visited cells and group the cells in terms of eNBs serving those cells.

Naturally, this new UE mobility history information would need to be passed along during inter-eNB HO.

Proposal 1 Introduce a new UE Mobility History Information IE, provided to the MME at connection release, which contains a list of cells the UE last visited in idle and connected, containing also timing information to allow the receiving node to estimate the age of the entries. There is no need to explicitly distinguish cells visited in IDLE or CONNECTED.
Proposal 2 This new UE Mobility History Information IE is passed along during inter-eNB HO.

Proposal 3 Only the E-UTRAN maintains this new IE by adding or deleting last visited cell entries. The MME is not allowed to modify it.
Proposal 4 The E-UTRAN derives an ordered list of last visited eNBs, containing also timing information, and provides it to the MME together with the UE Mobility History Information IE.
Proposal 5 The MME decides the paging scope on eNB level, based on the ordered list of last visited eNBs. The eNB deduces the relevant cell-entries from the UE Mobility History Information IE and pages the UE accordingly.
2.3
Providing a “Paging count” to the E-UTRAN

We would like to discuss 2 use cases that would benefit from a “paging count”, i.e. from the information on how many unsuccessful paging attempts the MME has performed already:

Use case 1:

Think of an eNB serving much more than e.g. 2*3 cells. If the eNB receives a paging request from the MME with a list of last visited cells from which a couple of cells have been visited only recently, whereas other cells have been visited a while ago, a decent eNB implementation might try to page only the cells that have been visited recently at the first paging attempt. Without this “paging count” information such an optimisation would not be possible.

Use case 2:

An eNB might wish to reduce the energy with which UEs are paged at the first attempt and only boost the power during further attempts. Again, information on how many attempts have been performed already would be crucial for this application.

Proposal 6 Introduce a Paging Attempt Count IE in order to allow the eNB to apply diverse paging strategies.
As a detail for further stage 3 specification work, it would be also beneficial to consider an indication that a paging attempt for a UE is deemed to be the last one.
3
Conclusion
Release 13 Paging Optimisations have been discussed in this paper, considering two aspects: reducing the paging scope to cell level and introducing a paging attempt count. Both concepts could be applied independently.
The following was observed:
Observation 1
Future requirements seem to require a further reduction of the paging scope to cell level.
Observation 2
Providing a paging attempt counter to the E-UTRAN may help to further optimise the paging strategy.
Observation 3
Paging success is likely to degrade if only the last visited cell is paged. This approach should not be followed.
Observation 4
Collecting UE mobility history information including cells the UE visited in idle and connected could aids to reduce the paging scope while keeping the likelihood to reach the UE high.


The following is proposed:
Proposal 1
Introduce a new UE Mobility History Information IE, provided to the MME at connection release, which contains a list of cells the UE last visited in idle and connected, containing also timing information to allow the receiving node to estimate the age of the entries. There is no need to explicitly distinguish cells visited in IDLE or CONNECTED.
Proposal 2
This new UE Mobility History Information IE is passed along during inter-eNB HO.
Proposal 3
Only the E-UTRAN maintains this new IE by adding or deleting last visited cell entries. The MME is not allowed to modify it.
Proposal 4
The E-UTRAN derives an ordered list of last visited eNBs, containing also timing information, and provides it to the MME together with the UE Mobility History Information IE.
Proposal 5
The MME decides the paging scope on eNB level, based on the ordered list of last visited eNBs. The eNB deduces the relevant cell-entries from the UE Mobility History Information IE and pages the UE accordingly.
Proposal 6
Introduce a Paging Attempt Count IE in order to allow the eNB to apply diverse paging strategies.
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