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1 Introduction

The way forward on guidance for paging optimization in R3-150819 was discussed on RAN3#87bis meeting, RAN3 thought beneficial to have the last serving eNB sending “information on recommended cells and eNBs for paging” that could be stored in MME and provided to the eNBs at paging. This “information on recommended cells and eNBs for paging” could be limited to one cell only if beneficial in some use cases. In this paper, we will provide further analysis on solutions for paging optimization.
2 Discussion
2.1 Background

According to the way forward[1], the open issues are listed as below:

1) Timestamp and time to stay.
2) Organization of the list built by last serving eNB, including how to cover the case of a recommended cell which is an HeNB cell behind an HeNB GW.

3) Paging repetitions.
4) Propagation of the list.
5) The Propagation of paging message over X2.
Here we would like to analyze the open issues one by one and give our preference.
2.2 Solutions

1) Timestamp and time to stay.
The advantage of including the time of stay of the cells is similar as current UE history information, only the cells that UE visited will have the time of stay information, which could be used to distinguish the last visited cells and the neighbouring cells which UE never visited. It could also help MME get the UE’s mobility states information, e.g., High-mobility state, Medium-mobility state, Normal-mobility state, then MME can optimize the final list of relevant eNBs to page based on UE mobility states.
While the timestamp of the visited cells is another story, there is no such kind of information in current UE history information, which means if eNB needs to get the timestamp information of the visited cells, the propagation of the list during S1/X2 handover will be unavoidable, which is relative to open issue 4). Else eNB could not get this new information based on current UE history information.
Proposal1: The time of stay of the UE’s visited cells can be obtained from current UE history information easily, while the timestamp information needs an extra effort.
2) Organization of the list built by last serving eNB, including how to cover the case of a recommended cell which is an HeNB cell behind an HeNB GW.
There are two options listed in WF:

-
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.
Compared with two options, Option2) has the benefit that MME handles paging at eNB level and knows the relationship between eNB and the associated cell list, therefore the irrelevant cell list does not need to be sent to the paging eNB over S1 interface. 
If we consider the HeNB GW case, the problem is that MME could not get the mapping information between last known ECGI and HeNB GW. How to route paging messages to the corresponding HeNB GW needs to be solved.
It can be solved with Option2 easily, for the HeNB cell which behind a HeNB GW, the list could be organized as (HeNB GW ID, associated cell) pairs.
Or it can be solved with Option1, as discussed in last meeting, the list of “recommended cells and eNBs” could actually be a list of “recommended cells and eNBs and TAIs” so that the MME uses the included TAI to address the relevant HeNB GW.
Proposal2: Option2) seems better than Option1).
3) Paging repetitions.
Paging repetitions aim to help eNB know how many unsuccessful paging attempts the MME has performed already, 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. It seems reasonable that MME only indicates to each paged eNB when a certain paging is the last paging attempt, furthermore, it can be achieved with an implicit way, e.g., if there is no “information on recommended cells and eNBs for paging” included in paging message, the eNB shall do the paging as the last paging attempt.
Proposal3: MME can indicate to each paged eNB implicitly when a certain paging is the last paging attempt.
4) Propagation of the list.
On our understanding, the last serving eNB would build this list of “information on recommended cells and eNBs for paging” based on its local information, e.g., cells the UE visited in the past in idle and connected mode, neighbour cells of such visited cells.
The UE history information in Connected mode and Idle mode has already been propagated during S1/X2 handover, while the neighbouring cells of recent visited cells can also be achieved via X2 interface. Usually UE’s recent visited cells are the neighour cells of the current serving cell. 
Meanwhile, propagation of the list will bring standard impact on S1/X2 handover procedure, and overlapped with UE history information propagation. If the size of the list is large, which may bring backhaul time delay on handover signaling, which shall be avoided.
Proposal4: The necessity of propagating the lists needs to be evaluated and decided.
5) The Propagation of paging message over X2.
The principle is that the paging handling and strategy including the foreseen repetitions is entirely mastered at the MME. The Propagation of paging message over X2 will weaken the control of MME and introduce the potential risk of signaling storm over X2 interface.
On the other hand, if paging message can be propagated over X2, then there is no need to send paging assistance information to MME, the paging assistance information can also be propagated over X2 interface within paging message.

Proposal5: The Propagation of paging message over X2 is not needed.
3 Conclusion

According to the above discussion, the following proposals are proposed to be agreed:
Proposal1: The time of stay of the UE’s visited cells can be obtained from current UE history information easily, while the timestamp information needs an extra effort.
Proposal2: Option2) seems better than Option1).
Proposal3: MME can indicate to each paged eNB implicitly when a certain paging is the last paging attempt.

Proposal4: The necessity of propagating the lists needs to be evaluated and decided.
Proposal5: The Propagation of paging message over X2 is not needed.

In general, a simple and clean paging optimization solution with less impact on specification will be preferred.
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