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Introduction
At RAN3#88 and #87bis intensive discussions have taken place on paging optimization and a couple of agreements have been reached which have been captured in R3-151190 [2].

This paper recalls the agreements reached and discusses the remaining open points.

It finally proposes a corresponding baseline CR on this topic.

2 Discussion
Agreements

At RAN3#88 the way forward was endorsed in R3-151190 for non-MTC aspects with the following essential general agreements:
-
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. 

-
The MME provides the cell information part of the Information on Recommended Cells and eNBs for Paging to the eNBs at paging. 

-
It will not be standardized in which way an eNB decides to include a cell into  the Information on Recommended Cells and eNBs for Paging. 

-
The last serving eNB deduces information on recommended eNBs for paging from the information of recommended cells for paging and sends it to the MME at S1 Release within the Information on Recommended Cells and eNBs for Paging.

-
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).

Open point 1: Organization of the lists of cells sent in UE Release Complete:

Then R3-151190 contains some open points behind the organization of the list sent by last eNB:
-
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.

This statement can be interpreted two ways: 

· (option1) Either there is one list of eNBs and then this list is followed by one list of cells

· (option 2) Or there is a list of eNBs and each eNB entry is followed by one list of cells which are the recommended cells associated with it.

The first interpretation leads to send the full list of cells to any eNB including the ones that are not relevant for it. This means uselessly multiply by a factor of 3 or 5 (if for example 3 to 5 eNBs are recommended) the size of the paging message over all the S1 interfaces involved. It should be reminded that one of the goal of the work is also to minimize S1 paging load (see LS in R3-150345). This means increased processing effort for all 3 to 5 eNBs to parse the full list of cells and eliminate the ones which are not owned.

The second interpretation instead leads to more MME processing effort at the time of building the Paging message. Indeed, the MME must store one different cell list per eNB, and further when paging one eNB include the cell list that corresponds to that eNB. The overall memory needed in MME is same, it is just more processing effort multiplied by the number of eNBs to be paged.
Our view is that one should strive to avoid both drawbacks (undue processing efforts in all eNBs, additional processing effort in the MME). Therefore we propose to encode in the stage 3 the following option 3:
· (option3) there is one list of eNBs and then this list is followed by one list of cells but the list of cells is organized per eNB so that every paged eNB only considers its own cells

In this option 3, the MME treats only the first list of received eNBs and stores the second one transparently. The first list is further used by the MME to determine relevant eNBs to be paged. For every paged eNB the MME includes transparently the same second list without processing effort. When receiving the paging message, each eNB only needs to parse its own cells because the list is organized per eNB.
Example of option 3:

First list: eNB1, eNB2, eNB3

Second list: eNB1, (cell 11, cell12), eNB2, (cell 21, cell 22), eNB, (cell31, cell32) 

Open point 2: Handling of TAIs
Besides, R3-151190 indicates another open point for the case of HeNBs behind HeNB GWs where TAI information shall be included but details are FFS. In fact the TAI shall replace the eNB ID whenever the eNB ID cannot be retrieved for a given cell ID.

Proposal 1: in the UE RELEASE COMPLETE message, the second list of “recommended cells” is actually a list of MME Paging Target Areas which can be either an eNB ID or a TAI, with each Paging Target Area followed by a list of cells.

Open point 3: Paging Attempt Count
It has been agreed that:
-
A Paging attempt count may be provided by the MME to the paged eNBs.

-
If the paging attempt count is included, each paged eNB receives the same paging attempt count during a paging attempt.

However there are two associated FFS:

· the form of this paging attempt count is still undetermined. 

· Whether the same paging attempt count can be reused for MTC case

It can be noticed that the absolute value of a paging attempt number does not help much the eNB in both MTC and non-MTC case. What ultimately matters for paging optimization is to know if it is the last attempt so that MME can decide to use the old paging in the full list of TAIs (and not use the recommended paging target areas), or, for MTCs whether the full repetition pattern should be applied which can be radio consuming.
So we think the most useful information is “last paging” or “not last paging”. Or, said differently “there is only one remaining paging attempt” or “there are more than one remaining paging attempts”.
Moreover, along the same idea, what really matters for the eNB is actually the remaining number of paging attempts to be made. For example, an eNB could decide to use the full list of TAIs (non-MTC case) or the full repetition power (MTC case) for the two last paging attempts and not only the very last paging attempts in order to make sure to be succesful.

This means that what really matters is actually the paging countdown.

Proposal 2: the PAGING message shall include a “paging countdown” together with the associated recommended cell list. 
Open point 4:  Providing time information
The following FFS was identified:
-
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.

We think this time information can be useful for the eNB.  We note that:

· At RAN3#88 it was commented that what really matters is the “age of the recommended cells information” i.e. how old is the information stored

· Assuming the “age of overall information” is provided, then the “time UE stayed in cell” should be enough to represent an absolute time. 

Proposal 3: include an “age of information” associated with the “information on recommended cells and eNBs for paging” and for each piece of such information (i.e. for each visited paging target area (eNB or TAI) and each individual cell which comprises a paging target area) include a “Time of Stay”. 

Open point 5: Propagation of the list
It has been agreed at RAN3#88 that 
-
It will not be standardized in which way an eNB decides to include a cell into  the Information on Recommended Cells and eNBs for Paging. Below examples are given how the eNB builds the list. 

We think the last serving eNB has all the means to build a relevant recommended cell list.
Given that the last visited cells are propagated already for both idle and connected mode, last serving eNB has all necessary information.

Proposal 4: there has been no evidence shown that propagation of the list was beneficial.
3 Conclusion 
This contribution has recalled agreements reached so far on paging optimization and investigated the remaining open points of the way forward in R3-151190 [2] with the following proposals.

Proposal 1: in the UE RELEASE COMPLETE message, the second list of “recommended cells” is actually a list of MME Paging Target Areas which can be either an eNB ID or a TAI, with each Paging Target Area followed by a list of cells.

Proposal 2: the PAGING message shall include a “paging countdown” together with the associated recommended cell list. 

Proposal 3: include an “age of information” associated with the “information on recommended cells and eNBs for paging” and for each piece of such information (i.e. for each visited paging target area (eNB or TAI) and each individual cell which comprises a paging target area) include a “Time of Stay”. 

Proposal 4: there has been no evidence shown that propagation of the recommended list was beneficial.
It is finally proposed to agree the baseline TS 36.413 CR 1332 in R3-151567 which reflects the above agreements. A final reply LS is available in R3-151568.
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