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1
Introduction

This document continues discussions on paging optimisation for Release 13 for which an intermediate status was captured at RAN3#87bis in R3-150819 [1]. Open topics and topics not contained in R3-150819 are covered.

Note:
We had an agreement among companies to continue working on [1] in between the meetings, also including aspects for MTC specific paging optimisation, but given the tight meeting schedule, this was an extremely unrealistic plan. Such tight schedules shouldn’t be approved by 3GPP leadership in the future.
2
Discussion

2.1
Recap: topics already agreed in of R3-150819 [1]
1.1)
The last serving eNB sends Information on Recommended Cells and eNBs for Paging to the MME in S1AP UE CONTEXT RELEASE COMPLETE for keeping it stored until next paging.

1.2)
The MME provides Information on Recommended Cells and eNBs for Paging to the eNBs at paging.

1.3)
It will not be standardised how the last serving eNB builds this Information on Recommended Cells and eNBs for Paging. E.g., the eNB could include cells the UE visited in the past in idle and connected mode, neighbour cells of such visited cells, it could exclude cells which frequency band is not supported by the UE, etc.

1.4)
The MME still handles paging at eNB level (the recommended list of cells is transparently stored and forwarded) and the eNB handles paging at cell level (when receiving the list of recommended cells).

Ad 1.3) Although this is probably obvious, it would be beneficial to clarify that the Information on Recommended Cells and eNBs for Paging is an ordered list, i.e. the way how cells and eNBs are listed represent the actual order the UE visited the cells/eNBs.

Proposal 1 Clarify that the cells and eNBs listed in the Information on Recommended Cells and eNBs for Paging are listed in the order the UE visited them.
2.2
Open topics as contained in R3-150819 [1]
2.2.1
Timestamp and time stayed
Time information utilised by the E-UTRAN

Time information for visited cell was deemed to be important already in Rel-8 when introducing the UE History Information maintained during the CONNECTED period of a UE and passed in between RAN nodes serving the UE. 
Time information will be equally important for visited cells contained in the Information on Recommended Cells and eNBs for Paging, whereas the time information contained in the Information on Recommended Cells and eNBs for Paging will be rather used to determine the relevance of the information for the next paging attempt, i.e. to estimate the likelihood to reach the UE in one of the cells the UE has been in the past. The application for paging would make an absolute timestamp (time of day, when the UE selected or was handed over to the cell) more suitable than the time stayed (although the time could be easily determined by calculating the time difference between to timestamps; for the last entry the Information on Recommended Cells and eNBs for Paging could contain a “release timestamp”).
We have discussed that the Information on Recommended Cells and eNBs for Paging may also contain cells which the UE has not visited in the past but which are neighbouring cells of the visited ones. Entries of such cells in the Information on Recommended Cells and eNBs for Paging should not carry any time information, which would make such cell entries well distinguishable from cells the UE actually visited.

It was still marked FFS in which way the eNB would utilise the contained time information. We would regard it as straight forward to allow the eNB to utilise time information in an implementation specific way and only see a need to specify the semantic of the time information. 

Proposal 2 Cell entries within the Information on Recommended Cells and eNBs for Paging representing actually visited cells contain a timestamp representing the time of day when the UE selected or was handed over to the cell.
Proposal 3 Either the Information on Recommended Cells and eNBs for Paging contains per visited cell information about the time stayed or it contains a release timestamp, representing the time of day when the S1 connection was released and the Information on Recommended Cells and eNBs for Paging was sent to the MME.
Proposal 4 The usage of time information by the E-UTRAN is implementation specific and will not be specified.
Time information utilised by the MME
The MME uses time information as provided within the Information on Recommended Cells and eNBs for Paging to determine the eNBs to which the S1 Paging message shall be sent.

Time information as discussed above may help the MME to determine the relevance of the information and apply its paging strategy accordingly. Like the E-UTRAN, the MME should be allowed to use the time information in an implementation specific way.

Proposal 5 The usage of time information by the MME is implementation specific and will not be specified.
2.2.2
Organisation of the list built by the last serving eNB

There were 2 flavours identified on how to organise the Information on Recommended Cells and eNBs for Paging:
-
Option 1: the last serving eNBs provides two separate lists:  a list of eNBs followed by a list of cells and the MME stores and then transparently forwards the list of cells to all the paged eNBs;

-
Option 2: the last serving eNB provides a single list of (eNB, associated cell list) pairs and the MME stores and then transparently forwards to each paged eNB only the associated cell list for that eNB.

Contrasting these options with the agreement we quoted in 1.4), where the MME’s paging scope is deemed to be still on eNB level, it would be rather straightforward and consistent keeping the cell-level information contained within the Information on Recommended Cells and eNBs for Paging totally transparent to the MME, i.e. in a way that the MME doesn’t even need to process the Information on Recommended Cells and eNBs for Paging and extract cell-level information per eNB.

Proposal 6 Keep cell level information totally transparent to the MME and provide two separate lists, a list of eNBs and a list of cells.

2.2.3
Paging repetitions

This topic overlaps with the discussions on MTC specific paging optimisations.

We have elaborated on that topic in R3-151035 [2], and would not repeat the same discussion in this paper.
However, it seems that paging repetitions information is confirmed useful by RAN2 and that the open topics deal with signalling design questions only.

2.2.4
Propagation of the Information on Recommended Cells and eNBs for Paging
There were two views discussed at RAN3#87bis:

1)
The Information on Recommended Cells and eNBs for Paging is built during a single CONNECTED period (it may very well use information on visited cell during IDLE if reported by the UE), sent to the MME at S1 connection release and propagated to the eNB at paging only.

2)
The Information on Recommended Cells and eNBs for Paging is provided to the eNB at Initial Conetxt Setup and the eNB may further maintain it by e.g. adding further cells the UE visited in IDLE and during the ongoing CONNECTED period. 

Note, that for both options, the Information on Recommended Cells and eNBs for Paging might be propagated in between eNBs at S1/X2 handover.
Again, it would be beneficial to go back in time and look at the UE History Information, which was specified to be propagated in between eNBs. So, we would expect that at least this functionality is kept for the Information on Recommended Cells and eNBs for Paging as well. Assuming that the “recommended eNBs” part is extracted by the eNB that provides the information to the MME at S1 release, only the “recommended cells” part needs to be propagated in between the eNBs.
Proposal 7 The Recommended Cell part of the Information on Recommended Cells and eNBs for Paging is propagated in between the eNBs at S1/X2 handover.

Further, looking at the difference between the two options, it seems to be a pure implementation matter whether the eNB intends to further maintain the information or starts to build up the information from scratch at Initial Context Setup. Allowing the eNB to choose between the two options however requires including the information in the INITIAL CONTEXT SETUP REQUEST message. Again, only the “recommended cell” part is sufficient to be provided.
Proposal 8 The Recommended Cell part of the Information on Recommended Cells and eNBs for Paging is provided to the eNB at Initial Context Setup.

2.2.5
Propagation of Paging over X2

Following the agreed principle in 1.4), the MME should be responsible for paging the UE on eNB level. So it is still the MME that selects the eNBs for paging. Propagating Paging over X2 would contradict this principle, as both, the MME and the E-UTRAN would share responsibility of eNB-level paging strategies. If such an approach is followed, co-ordination would be required between the MME and the involved eNBs, leading to the requirement of providing E-UTRAN topology information (X2 connectivity) to the MME. Apart from that, we wouldn’t expect any gain in terms of reducing paging from a system point of view, probably the overall amount of paging messages would even increase, if an eNB is contacted by more than one eNB via X2 for paging. All these arguments should be sufficient to not agree on that proposal.
Proposal 9 Paging is not propagated via X2.
3
Conclusion
We have discussed open issues as captured in R3-150819 [1], the conclusions are summarised with the following list of proposals:
Proposal 1
Clarify that the cells and eNBs listed in the Information on Recommended Cells and eNBs for Paging are listed in the order the UE visited them.
Proposal 2
Cell entries within the Information on Recommended Cells and eNBs for Paging representing actually visited cells contain a timestamp representing the time of day when the UE selected or was handed over to the cell.
Proposal 3
Either the Information on Recommended Cells and eNBs for Paging contains per visited cell information about the time stayed or it contains a release timestamp, representing the time of day when the S1 connection was released and the Information on Recommended Cells and eNBs for Paging was sent to the MME.
Proposal 4
The usage of time information by the E-UTRAN is implementation specific and will not be specified.
Proposal 5
The usage of time information by the MME is implementation specific and will not be specified.
Proposal 6
Keep cell level information totally transparent to the MME and provide two separate lists, a list of eNBs and a list of cells.
Proposal 7
The Recommended Cell part of the Information on Recommended Cells and eNBs for Paging is propagated in between the eNBs at S1/X2 handover.
Proposal 8
The Recommended Cell part of the Information on Recommended Cells and eNBs for Paging is provided to the eNB at Initial Context Setup.
Proposal 9
Paging is not propagated via X2.


A draft proposed LS out is provided in R3-1511094 [3]. An update of R3-150819 is provided in R3-151037 [4] (containing both, general and MTC specific aspects of paging optimisation). It is proposed to agree on both documents.
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