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1. Introduction
For paging optimization and Paging MTC, there’re still some open issues need to be further investigated, listed them as below. 
	Paging Optimization：
1) In order to cover the case of a recommended cell which is a HeNB cell behind a HeNB GW, the list of “recommended cells and eNBs” would need to contain TAI information as well. Details are FFS.
2) It is FFS whether the recommended cell part of the Information on Recommended Cells and eNBs for Paging may be propagated in between the eNBs at S1/X2 handover.
Paging MTC：
1) It is FFS if the coverage enhancement level associated with other cells than the last serving cell could also be sent by the last serving eNB.
2) It was agreed that the last serving eNB will send the last serving cell ID to the MME in the S1AP UE Release Complete message, one of these three options will be used:

· Transfer this new (last serving cell) information element in the same RRC container as its associated coverage enhancement level (option 1)

· Reuse the transfer of “last recommended cells and eNBs for paging” (option 2)
· Include a new S1AP E-CGI IE in the S1AP UE Release Complete message and S1AP Paging message (option 3).
Common issues for Paging Optimization and Paging MTC：
1) It is FFS whether an additional “last page” indication needs to be added.
2) 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.
3) It is FFS if the same paging attempt count is also used for Coverage Enhancement purposes. The eNB behavior 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 contribution will discuss the open issues above and give some proposals.
2. Discussion
2.1. Paging Optimization
1) In order to cover the case of a recommended cell which is a HeNB cell behind a HeNB GW, the list of “recommended cells and eNBs” would need to contain TAI information as well. Details are FFS.
An example, recommended cells with the TAIs: 1, 2, 3; while UE supported TAI list are: TAIs 2, 3, 4; two alternatives are given below to discuss the differences between containing and not containing TAI info in “Recommended cells and eNBs”.
Alt. 1) Not contains TAI info in “Recommended cells and eNBs”: 

MME will page HeNB GW with UE supported TAI list (TAIs 2, 3, 4), and also take the recommended cells to HeNB GW, HeNB GW will page UE in the recommended cells. As HeNB GW knows the mapping between the recommended cells and TAIs, so the recommended cells with the TAIs which are not in the list of UE supported TAIs can be filtered out. In this example, that means TAI1 and its related cells will not be paged by HeNB GW. Similar to TAI4, MME paged TAI 4 to relevant HeNB GW, the GW will analyze the “recommended cells and eNBs” and found there’s no cells of TAI4 need to be paged.
Alt. 2) Contains TAI information as well in the “recommended cells and eNBs”:

Recommended cells and their TAIs will be sent to MME during the UE context release, in the example above TAIs 1, 2, 3 will be reported to MME as well.  Before send out the paging request, MME can loop the recommended cells and TAIs info and compare the TAIs(1,2,3 in this example) with the UE supported TAIs(2, 3, 4 in this example), then TAI 1 and 4 can be filtered out for the next paging.
Comparing the two solutions above, we can see that taking TAIs as well within the “recommended cells and eNBs” may save the paging messages between MME and HeNB GW, but it will increase the complexity of MME, e.g. MME is required to analyze the “recommended cells and eNBs” and filter out some of the TAIs before paging. Using Alt.1 solution above, HeNB GW can page the proper cells according to the recommended cells and the TAI info provided by MME. “Recommended cells and eNBs” can be transparent to MME, no further impact for MME.
Observation 1:  Contains TAI info as well in “Recommended cells and eNBs” may save a few paging messages between MME and HeNB GW, but it will increase the complexity of MME.
Proposal 1: Recommend not to include TAI info in “Recommended cells and eNBs”.

2) It is FFS whether the recommended cell part of the Information on Recommended Cells and eNBs for Paging may be propagated in between the eNBs at S1/X2 handover.
We have got the conclusion in RAN3#88 meeting 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.”
Propagation the Information on Recommended Cells and eNBs for Paging between the eNBs at S1/X2 handover may need eNB to get the info when UE first access to this eNB, e.g. MME sends the info to this eNB during initial context setup procedure of a specific UE (the info was sent to MME during the last context release of this UE). Then eNB will maintain it during handover procedures, the recommended cells and eNBs will be sent to MME again during UE context release procedure.

Observation 2: The aim of paging optimization is to reduce the load of network, but propagation of the “Information on Recommended Cells and eNBs for Paging” may increase the signaling load of the S1/X2 interface, especially when large amount of UEs are in mobility state.
Proposal 2: Recommend not to propagate the “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.
2.2. Paging MTC

1) It is FFS if the coverage enhancement level associated with other cells than the last serving cell could also be sent by the last serving eNB.
Firstly, the last serving eNB could not get the CEL associated with other cells than the last serving cell. If needed, we need to consider how to get this info from the other cells.

What’s the usage of the CEL associated with other cells?

If CEL associated with other cells (e.g. last visited cells) can be provided, eNB can consider those info together with the CEL associated with the last serving cell, then decide using which CEL for paging(not simply use the CEL of the last serving cell).

How to provide the CEL associated with other cells?

Maybe we can consider of propagating the CEL associated with the current serving cell during handover. Just similar to propagation of the “recommended cells and eNBs” we discussed for paging optimization.
Observation 3: The CEL associated with other cells than the last serving cell can be provided by the last serving eNB, but that requires propagating the info between cells/eNBs.

Proposal 3: RAN3 is requested to discuss if it’s acceptable to propagate the CEL info between cells/eNBs for other cells than the last serving cell.
2) It was agreed that the last serving eNB will send the last serving cell ID to the MME in the S1AP UE Release Complete message, one of these three options will be used:

· Transfer this new (last serving cell) information element in the same RRC container as its associated coverage enhancement level (option 1)

· Reuse the transfer of “last recommended cells and eNBs for paging” (option 2)
· Include a new S1AP E-CGI IE in the S1AP UE Release Complete message and S1AP Paging message (option 3).
First of all, all of the three options above can meet the requirement, the following texts will analyze the three options one by one.
· For the option 1, the serving cell id shall be added in the RRC container, paired with the CEL info. 

· For the option 2, the last serving cell id has already been included in the “last recommended cells and eNBs for paging”, consider of reusing this information can avoid of introducing the unnecessary new IE(s). With the assumption that the last serving cell id will always be the first one in the cell list, MME can easily get the last serving cell id from the “last recommended cells and eNBs for paging”.
· For the option 3, adding a new IE not seems to be a good choice, reusing the existing container maybe a better choice. 

Proposal 4: For reporting of the last serving cell id, option 2 is preferred, reusing the information “last recommended cells and eNBs for paging”, not to add special IEs.

2.3. Common issues for Paging Optimization and Paging MTC

	Agreements:

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.


1) It is FFS whether an additional “last page” indication needs to be added.
As it has been agreed to have a Paging Attempt Counter over S1, eNB can deduce which is the last page if eNB knows the total number of paging attempts, no need an additional indicator. This will help eNB to know which paging attempt of the current page is, not only knows which is the last page. Thus eNB can do different actions for each paging attempts.
Proposal 5: No need to add an additional “last page” indication, using total number of paging attempts and Paging Attempt Counter instead is good enough.
2) 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.
For normal paging, MME knows the total number of paging attempts and whether the attempt is the last one. So, it’s no problem for MME to provide such kind of information.

Proposal 6: It should be no problem for MME to provide information on the total number of paging attempts or (alternatively) whether a paging attempt is the last one.
3) It is FFS if the same paging attempt count is also used for Coverage Enhancement purposes. The eNB behavior 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.
The same paging attempt count should be applied for both paging optimization and paging MTC. Due to the eNB behavior 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, the eNB can handle them like that:

1. Select the cells for paging according to the “Information on Recommended Cells and eNBs for Paging”.
2. Paging the selected cells in step 1 with the consideration of “Coverage Enhancement Information”.
Even for the last paging attempt, the “Information on Recommended Cells and eNBs for Paging” may not be included in the paging message; the eNB may page the whole TAI(s) it supported with the consideration of “Coverage Enhancement Information”.
Base on the analysis above, it seems there’s no conflict in the eNB between handling of Information on Recommended Cells and eNBs for Paging and Coverage Enhancement Information. 
Proposal 7: The same paging attempt count should be applied for both paging optimization and paging MTC, and no conflict for handling of “Information on Recommended Cells and eNBs for Paging” and “Coverage Enhancement Information”.
3. Conclusions
In this contribution, we discussed the open issues of Paging Optimization and Paging MTC and summarized in the proposals below:
Observation 1:  Contains TAI info as well in “Recommended cells and eNBs” may save a few paging messages between MME and HeNB GW, but it will increase the complexity of MME.

Observation 2: The aim of paging optimization is to reduce the load of network, but propagation of the “Information on Recommended Cells and eNBs for Paging” may increase the signaling load of the S1/X2 interface, especially when large amount of UEs are in mobility state.

Observation 3: The CEL associated with other cells than the last serving cell can be provided by the last serving eNB, but that requires propagating the info between cells/eNBs.

Proposal 1: Recommend not to include TAI info in “Recommended cells and eNBs”.

Proposal 2: Recommend not to propagate the “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.

Proposal 3: RAN3 is requested to discuss if it’s acceptable to propagate the CEL info between cells/eNBs for other cells than the last serving cell.

Proposal 4: For reporting of the last serving cell id, option 2 is preferred, reusing the information “last recommended cells and eNBs for paging”, not to add special IEs.

Proposal 5: No need to add an additional “last page” indication, using total number of paging attempts and Paging Attempt Counter instead is good enough.

Proposal 6: It should be no problem for MME to provide information on the total number of paging attempts or (alternatively) whether a paging attempt is the last one.
Proposal 7: The same paging attempt count should be applied for both paging optimization and paging MTC, and no conflict for handling of “Information on Recommended Cells and eNBs for Paging” and “Coverage Enhancement Information”.
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