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1. Introduction
In RAN3#87bis, the following aspects have been discussed but are still FFS [1]:

	1)
Timestamp and time to stay. It is FFS whether:
-
The cells and eNBs which the UE has visited are associated with a timestamp and a time of stay;

-
The MME uses the timestamp and time of stay of the eNBs to determine the final list of relevant eNBs to page. Similarly whether each paged eNB uses the timestamps and time of stay of the cells to filter which exact cells to page.  

2)
Organization of the list built by last serving eNB:

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). It is FFS whether, e.g.,:

-
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.

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” 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.

3)
Paging repetitions: 

It is FFS if the paged eNBs are to be made aware of whether the MME is using a paging strategy in several steps or not, the number of the ongoing step and the total number of steps to be applied. Examples of possible options are:

-
MME indicates to each paged eNB a certain paging is, e.g., number 1 out of 3;

- 
MME only indicates to each paged eNB when a certain paging is the last paging attempt.

4)
Propagation of the list: 

It is FFS if the information on recommended cells and eNBs for paging is sent at Initial Context Setup and/or propagated at S1/X2 handover so that receiving eNBs can maintain it.


This contribution analyzes the open issues as above, and some proposals are recommended.
2. Discussion
Timestamp and time to stay
The cause of adding the timestamp and time to stay info for eNB list and/or cell list is to further limit the scope of paging, it should be a kind of enhancement and we do not know how big gains we can get with this method. A few concerns are listed below:
· More information needs to be transferred between eNB and MME, and this will increase the signaling load of the S1 interface.
· Filtering eNBs and/or cells by the timestamp and time to stay info will also increase the work load of MME and eNB.
· This method may not work in some mobility cases, e.g. the idle mode UE reselect to a neighbor cell which UE never stayed in. The eNB may select last visited cell and the cells which UE stayed for long time for paging, the current cell the UE camping on may be filtered out, that’s the problem.
Proposal 1: Recommend not to add timestamp and a time of stay info associated with the cells and eNBs which the UE has visited. 
Organization of the list built by last serving eNB
For option 1, only one cell list is sent towards MME from the last serving eNB, the list contains all the cells associated with the eNBs in the eNB list. MME send the full cell list to all the eNBs which it expects to send the paging. With this method, it’s easier for MME to handle the cell list, but the signaling load of the S1 interface is higher than option2 as the same cell list may be sent to several eNBs. 
For option2, eNB and the associated cell list are paired, MME can select the proper cell list for a certain eNB. E.g. MME may only send the associated cell list to the specific eNB. Thus the signaling load of S1 interface should be lower than option1, but MME may need to consider which cell lists to be sent for a specific eNB.
According to the above analysis, both solutions are ok. 
Paging repetitions
In LS [2], it’s said “It is beneficial to indicate to the eNB whether the page is an e.g. 1st page or 2nd, or last page from the MME for that UE.” 

Following the proposal of RAN2, it seems option1 is preferred.
Proposal 2: MME indicates to each paged eNB a certain paging is, e.g., number 1 out of 3.
Propagation of the list
We have a few concerns for transmitting and maintaining the info “recommended cells and eNBs for paging” as below:
· Need to decide which information shall be transmitted and maintained between different eNBs during handover.

· Need to consider how to transmit the info between eNBs, e.g. through S1/X2 interface. New signals or information elements may need to be defined.
· May increase the signalling load of the S1/X2 interface, especially when big amount of UEs are in high mobility state.

· Hard to decide which info is still valid for paging and which info can be deleted after handover. 
For example, before transaction to idle, many times of handover between different cells and eNBs has happened for a connected mode UE.  In this scenario, the info “recommended cells and eNBs for paging” need to be transmitted and maintained many times, but the work seems to be not so meaningful. At the time of UE transition to idle, the last serving eNB can generate and transmit the “recommended cells and eNBs for paging” to MME (i.e. in S1AP UE CONTEXT RELEASE COMPLETE message), maybe that’s enough. 

As we do not see big gains to propagate the list during handover, and doing this may also increase the load of the network, that’s against the original intention of the project.  So, it’s not recommended to transmit and maintain the information “recommended cells and eNBs for paging” during handover.
Proposal 3: Recommend not to transmit and maintain the info “recommended cells and eNBs for paging” during handover. The info shall only be generated and transferred to MME by the last serving eNB at the time of UE transition to idle.
3. Conclusions

In this contribution, some open issues for the paging optimization are discussed and the proposals are summarized below:
Proposal 1: Recommend not to add timestamp and a time of stay info associated with the cells and eNBs which the UE has visited.
Proposal 2: MME indicates to each paged eNB a certain paging is, e.g., number 1 out of 3.
Proposal 3: Recommend not to transmit and maintain the info “recommended cells and eNBs for paging” during handover. The info shall only be generated and transferred to MME by the last serving eNB at the time of UE transition to idle.
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