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1. Introduction 
This contribution discussed further the general paging optimization, for the purposes that has been aimed by SA2 (R3-150345):
(a) to reduce the paging load on the radio interface, and


(b) to lower processing load on MME from sending pages to large number of eNBs. This is especially for low-mobility or stationary devices, (e.g. a utility meter-reader that can be identified by subscription (eg. APN) information or smart phones that rarely move (e.g. identified by timestamps of past visited cells))

Some possible solutions for the paging optimization that are discussed in this contribution, which have not been yet listed in the way forwarded provided in RAN3#87bis (R3-150819).
2. Discussion

2.1 Paging to cells that operate in frequency bands supported by the UE and eNB
It has been agreed to have UE’s support frequency band information in the paging message from MME to eNB. In order to do this, the eNB need to give the UE support frequency band information to the MME and then store in MME. A LS from RAN3 has indicated to RAN2 also SA2 in R3-150889. Having the UE support frequency band in the Paging message is beneficial to reduce the paging load over the air as the eNB can page only to those frequency band supported by the indicated UE.

Further it is also worth to consider the lowering processing load on MME from pages to large number of eNBs as shown in the SA2 LS the purpose (b). 
We consider two alternatives to realize:
Alt 1): When the eNB provide the recommended cells, it considers also those frequency bands that are supported by the UE. Later when need to page the UE, the MME send Paging message with the UE supporting frequency information to the recommended cells, There will be no need for the MME to be aware the frequency band support by the UE and the eNB. However if the UE is moving, the optimization may not work well.
Alt 2): The eNB provide the eNB support frequency bands information explicitly to the MME. The information is then stored in the MME. Later when need to page the UE, take the UE support frequency band information into account, and then the MME filter out the eNB by selecting the eNB who support the frequency band.
As the Alt 2 will work all the time, it is proposed to consider this as one of the solution for paging optimization.  The realization in the protocol is relative simple, which is to add the eNB support frequency band information in the S1 SETUP REQUEST message and also ENB CONFIGURATION UPDATE message.
Proposal 1: It is proposed to give the eNB support frequency bands information explicitly to the MME. The information is then stored in the MME. Later when page to the UE, take the UE support frequency band into account, and then the MME filter out the eNB by selecting the eNB who support the frequency band.
2.2 Relay Paging via X2
The MME can choose some eNBs to page and the eNBs page via X2 to its neighbor, this way can have benefit that satisfy both the purpose of reducing paging load over the air and reducing processing load on MME.
It has to consider and avoid a risk that some of the eNBs are not paged, the MME will need to give more information to the eNB in the Paging message e.g. the list of eNB (or list of cells) that the eNB can Page. It may be beneficial to also provide an indication from the MME in the Paging message, to tell the eNB that the Paging is intended to be relayed via X2.  If the indicated eNBs (or cells) belong to the eNB’s neighbor, the eNB can then relay the Paging message via X2 to its neighbor.  This way will then still keep the paging handling and strategy in MME without breaking any existing principle.
In summary of the realization:
- the eNB provide its neighbor eNBs (or cells) to the MME in S1 SETUP REQUEST message and ENB RECONFIGURATION UPDATE message.

- the MME takes into account the eNB’s neighbor that were provided, in the Paging message indicate the list of eNBs (or cells) to be paged, together with an indication the intension to be relayed via X2,.
- the eNB page to its cells, and relay via X2 to its neighbor if the indicated eNBs (or cells) belong to its neighbors.
- the neighbor when receive the Paging message via X2, simply process the Paging to the air, similarly to the existing paging received from S1.

Proposal 2: It is proposed to introduce the Paging via X2. 
Proposal 3: It is proposed to provide the eNB neighbour eNBs (or cells) in the S1 SETUP REQUEST message and ENB RECONFIGURATION message.
Proposal 4: It is proposed to introduce an indication in the S1AP Paging message the intension of paging relayed via X2. 

2.3 UE History Information (Mobility Pattern)
While there have been discussed to provide from eNB the recommended eNB list (and/or cell list) to MME, then MME may transparently relay the information to the eNB in the next Paging, it would be simpler to just forward the UE History Information with the timestamp information to the MME.  The reason is that:
- The recommended eNB list (and/or cell list) is assumed to be built by the eNB, this is already partially the paging strategy given to the eNB. According to the understanding, the paging strategy should be handled in the MME.

- The UE history information is purely a mobility information that is collected base on the real mobility, which can be an assistant information for the MME to decide the eNB list to page. Therefore the page strategy is still handled in the MME.
In summary of the procedure, the UE History Information is included in the UE CONTEXT RELEASE COMPLETE message, it is then stored in the MME. In the next Paging to that UE, the MME can select eNBs base on the UE History Information, and may transfer this UE History Information in the Paging message.
Proposal 5: It is proposed to introduce the UE History Information in the UE CONTEXT RELEASE COMPLETE message. 

Proposal 6: It is proposed to introduce the UE History Information in the PAGING message.
Proposal 7: It is proposed to inform SA2 this decision.
3. Conclusion and proposal

This Contribution discussed the relevant possibilities for the general paging optimization.
Proposal 1: It is proposed to give the eNB support frequency bands information explicitly to the MME. The information is then stored in the MME. Later when page to the UE, take the UE support frequency band into account, and then the MME filter out the eNB by selecting the eNB who support the frequency band.
Proposal 2: It is proposed to introduce the Paging via X2. 

Proposal 3: It is proposed to provide the eNB neighbour eNBs (or cells) in the S1 SETUP REQUEST message and ENB RECONFIGURATION message.

Proposal 4: It is proposed to introduce an indication in the S1AP Paging message the intension of paging relayed via X2. 

Proposal 5: It is proposed to introduce the UE History Information in the UE CONTEXT RELEASE COMPLETE message. 

Proposal 6: It is proposed to introduce the UE History Information in the PAGING message.

Proposal 7: It is proposed to inform SA2 this decision.
References:

[1] R3-150008 LS on Paging for MTC (Source RAN1= R1-145454)
[2] R3-150344 Reply LS on paging for MTC (source SA2= S2-150697)

[3] R3-150345 LS on Paging Optimization (source SA2​= S2-150698)
[4] R3-150461 Response LS on Paging Optimization (source RAN3)
