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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#88 in R3-151190[1]. Open topics and topics not contained in R3-151190 are covered. Furthermore, it looks like SA2 has adopted the general way forward as we have received respective information in the LS in R3-151341 with the attached agreed CR to TS 23.401 in S2-152683.
2
Discussion

2.1
Distinguishing visited cells from entries representing non-visited cells
-
Entries representing visited cells shall be distinguishable from entries representing non-visited cells. 

It was discussed at last meeting that an eNB receiving the recommended cell list at paging should be able to distinguish actually visited cells from “just” recommended ones and e.g. perform the first page (if the paging attempt count is included in the paging message as well).
One possibility is to simply introduce a flag that tags the respective cell as a visited one. Another possibility is linked to the discussion on including timing information (time stamp and or time stayed) to cell entries representing visited cells. 

Observation 1 (At least) two solutions exist for distinguishing visited cell entries from non-visited cell entries. Either a specific flag is introduced or, in case timing information is agreed to be included, such timing information can serve as implicit indication as well.

2.2
Handling HeNB deployed behind a HeNB GW
NOTE: in order to cover the case of a recommended cell which is an HeNB cell behind an HeNB GW, the list of “recommended cells and eNBs” would need to contain TAI information as well. Details are FFS.

Obviously, in case an HeNB is deployed behind an HeNB GW, the eNB providing the Information on Recommended Cells and eNBs is not able to deduce a paging target (i.e. an eNB Identity) from the respective E-UTRAN CGI that is known to the MME. The only paging target known to the MME would be the TAI configured for the HeNB’s cell.
A straight forward solution would be to include per HeNB deployed behind an HeNB GW the TAI as additional information to the respective cell entry in the list of recommended cells.

Proposal 1 Introduce the possibility to indicate the TAI served by the HeNB GW within a cell entry for HeNBs deployed behind an HeNB GW.

2.3
On indicating the total number of paging attempts and/or the last paging attempt
-
It is FFS if the MME is able to provide information on the total number of paging attempts or (alternatively) whether a paging attempt is the last one. 
Last meeting it was agreed that a paging attempt count may be provided by the MME to the paged eNBs and this has been also confirmed by SA2. This FFS is discussing whether additional information should be provided by the MME, given that the MME is able to provide such information.

A single paging process is very likely one process among many other tasks the EPC would have to perform. Load situations might force the EPC to drop paging attempts for a UE while pagings for other UEs are higher prioritised. And it is possible that several paging occasions with different priorities happen for a single UE e.g. from several APNs simultaneously. So, it seems hard for an MME to predict how many paging attempts will be performed for a UE until it has been reached.
There could be of course the case that the MME decides to not send a subsequent paging if the one that it is about to send is not successful again. But this decision can only be done for a certain paging occasion. As an example, the MME could indicate “last paging” to the eNB and right after that decision another paging occasion with a different priority occurs which causes the MME to page the same UE again. This puts the meaning and usefulness of a “last paging” indication very much into question. We propose to not introduce such an indication.
Proposal 2 As the MME is not able to provide the total number of paging attempts and cannot provide a definitive indication whether a certain paging attempt is the last one we propose to conclude this discussion.
While considering the overall mechanism and the scenarios shortly highlighted above we identified an open topic on the paging attempt count: When should the paging attempt count be reset? An obvious rule should be that the counter is only reset when the UE was reached and has changed its state to ECM CONNECTED. But what if the UE was not reachable and e.g. the MME decided to not page the UE anymore due to higher prioritised paging events for other UEs? We propose that even in such cases, the counter should not be reset, but the next paging event should cause the MME to raise the counter by one, or keep the counter at the maximum number until the UE has been finally reached.

Proposal 3 The counter should be only reset when the UE was reached and has changed its mobility state to ECM CONNECTED. If the counter has reached its maximum value, the MME should for further paging attempts or paging events continue to indicate the maximum value.

2.4
Paging attempt count – the same indication for non-MTC case as for MTC-case? Any specific eNB behaviour to be standardised?
-
It is FFS if the same paging attempt count is also used for Coverage Enhancement purposes. The eNB behaviour upon receiving a paging message that includes such a count, together with both Information on Recommended Cells and eNBs for Paging and Coverage Enhancement Information also needs to be elaborated.

This FFS is obviously not in line with agreements captured for MTC related paging in R3-151281 [2], where it is stated:

3/ Paging Attempt Counter

It was agreed to have a Paging Attempt Counter over S1.

When coverage enhancement level information is available in the MME, the MME includes the paging attempt counter in any subsequent paging. This will help paged eNB to take appropriate actions.

It is FFS whether an additional “last page” indication needs to be added.

So, the only question that remains is whether there are 2 different indications necessary for the Paging attempt count indication, one for MTC cases, one for non-MTC cases.
We wouldn’t see any differences in the nature of the information contained in such indication.

About the eNB behaviour on reception of this indication, we do not support the idea of pre-scribing the eNB how to react on such indiction. Like using the Information on Recommended Cells and eNBs for Paging, using the Paging attempt count should be up to an eNB’s implementation.
Proposal 4 Only a single Paging attempt counter is necessary for both, MTC and non-MTC related paging optimisation schemes.

2.5
Timestamp and time stayed
5)
Providing Time information is FFS in general. The following aspects have been discussed: 

-
It is FFS whether cell/eNB entries within the Information on Recommended Cells and eNBs for Paging representing actually visited cells/eNBs contain time information representing the time the UE stayed in the cell which could be rather coarse information. If the time a UE stayed in a cell is provided, the age of the Information on Recommended Cells and eNBs for Paging should be known to the eNB at paging and at context setup (this latter is related to the FFS topic 4) 

-
If agreed, the usage of time information by the E-UTRAN and the MME is implementation specific and will not be specified.

Time information utilised by the eNB
Time information for visited cells 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. Without time information, a sheer list of cells will be rather useless. Especially long stays in a cell will be important to know for the eNB when deciding upon the paging strategy. The eNB maintaining the cell list could of course decide to remove list entries of cells that were visited for a short time only, but this would distort information contained in the list.

About the actual format of time information we suggest to follow the same way as was defined for UE History purposes, i.e. the time the UE stayed in the cell will be indicated. It is probably not necessary to go for the finer granularity defined in TS 36.423 that allows to indicate the time stayed in 1/10 seconds.

Proposal 5 Cell entries within the Information on Recommended Cells and eNBs for Paging representing actually visited cells contain time information representing the time the UE stayed in the cell. It is proposed to include the same time information as defined for UE History purposes.
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 6 eNB entries within the Information on Recommended Cells and eNBs for Paging representing actually visited eNBs contain time information representing the time the UE stayed in the service area of the eNB. It is proposed to include the same time information (time stayed in cell) as defined for UE History purposes.
2.6
Propagation of the Information on Recommended Cells and eNBs for Paging
This topic contains two items:

1)
Propagation of the information during HO.

2)
Maintaining the information over several IDLE-CONNECTED cycles.
ad1) Not propagating the cell related part of the Information on Recommended Cells and eNBs for Paging during HO may work in scenarios where a UE roams within cells served by a single eNB, i.e. within a relatively large eNB area. In case the cells belong to different eNBs and the cell areas are relatively small, important information might be lost, if the history on recommended cell is lost. This might not be a problem if an implementation decides to only include visited cells within the information, i.e. it could take a lean from the UE History Information defined in Rel-8. But this doesn’t take into account implementations that include non-visited cells for whatever implementation specific reasons. In order to not restrict such implementations it is proposed to allow the cell related part of the Information on Recommended Cells and eNBs for Paging to be propagated during (S1 and X2) HO.
Proposal 7 The cell related part of the Information on Recommended Cells and eNBs for Paging is propagated S1/X2 handover from the source eNB to the target eNB.

ad 2) Not maintaining the Information on Recommended Cells for Paging over several IDLE-CONNECTED cycles contains even more risk to loose information, as there is no lean towards the UE History Information possible. It might be possible to handle stationary devices without propagating that information, however, devices with mobility, especially such for which mobility information from the past is able to provide predictive information (and this is btw the basic assumption behind the agreement to introduce a list of recommended cells and not just the last serving one), would not be able to benefit from past information. Again, it is not intended to specify how the EPC or the E-UTRAN is going to utilise the information, standardisation however should be able to allow implementations that can take advantage of such information. 

Proposal 8 The Information on Recommended Cells for Paging is provided to the eNB at Initial Context Setup.

ad 2 - continued) Following the above proposal, it would be beneficial to allow the MME to include the age of the Information on Recommended Cells for Paging to the eNB at Paging and UE Context Setup. With this information the eNB can estimate the relevance of the information for paging optimisation. The eNB could estimate the age if the cells visited in idle are available and reported by the UE, which is not always the case. We would also expect the MME to not provide recommended cells for paging if this information is getting too old. But there are cases conceivable where the MME will decide to leave it up to the E-UTRAN whether the recommended cells are useful. 

Proposal 9 The MME may provide the age of the Information on Recommended Cells for Paging to the eNB at Paging and Initial Context Setup.

3
Conclusion
We have discussed open issues as captured in R3-151190 [1].
 The conclusions are summarised with the following list of proposals:
Proposal 1
Introduce the possibility to indicate the TAI served by the HeNB GW within a cell entry for HeNBs deployed behind an HeNB GW.
Proposal 2
As the MME is not able to provide the total number of paging attempts and cannot provide a definitive indication whether a certain paging attempt is the last one we propose to conclude this discussion.
Proposal 3
The counter should be only reset when the UE was reached and has changed its mobility state to ECM CONNECTED. If the counter has reached its maximum value, the MME should for further paging attempts or paging events continue to indicate the maximum value.
Proposal 4
Only a single Paging attempt counter is necessary for both, MTC and non-MTC related paging optimisation schemes.
Proposal 5
Cell entries within the Information on Recommended Cells and eNBs for Paging representing actually visited cells contain time information representing the time the UE stayed in the cell. It is proposed to include the same time information as defined for UE History purposes.
Proposal 6
eNB entries within the Information on Recommended Cells and eNBs for Paging representing actually visited eNBs contain time information representing the time the UE stayed in the service area of the eNB. It is proposed to include the same time information (time stayed in cell) as defined for UE History purposes.
Proposal 7
The cell related part of the Information on Recommended Cells and eNBs for Paging is propagated S1/X2 handover from the source eNB to the target eNB.
Proposal 8
The Information on Recommended Cells for Paging is provided to the eNB at Initial Context Setup.
Proposal 9
The MME may provide the age of the Information on Recommended Cells for Paging to the eNB at Paging and Initial Context Setup.


An update of R3-151190 [1] is provided in R3-151618 [3]. It is proposed to agree on [3]. It is further proposed to inform SA2 on the outcome of the discussions (see draft LS in [4]) and to start discussing normative aspects with the proposed baseline CRs provided in [5], [6] and [7].
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