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1. Introduction 
In last meeting, it is agreed:
· RAN3 thought beneficial to have the last serving eNB sending “information on recommended cells and eNBs for paging” that may be stored in MME and may be 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. RAN3 recommends this information to be sent by the last serving eNB to the MME at the time of transition to idle (i.e., in the S1AP UE CONTEXT RELEASE COMPLETE message). 

· RAN3 is still working to identify more precise recommendations in line with the high level guidelines provided here-above.

In this paper, the more recommendation for paging optimization is analyzed and proposed.
2. The restriction for UE history information

The UE history information records the cells visited by UE and how long it stays. Paging recommended Cells comes from UE history information is good for MME to predict the UE’s mobility status and the cells UE is likely to stay. E.g. the UE history information indicates UE stay at the last serving cell for a long while. MME may estimate the UE as “stationary” and apply the last serving cell as the paging area. However, UE may not stationary just its mobility range isn’t out of the cell.
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Figure1 UE is “stationary” at a cell

Observation1: UE history information is not enough to indicate whether a UE is in mobility or not under a cell. 
With regard to the mobility of UE inside a cell, even if a UE is estimated as “stationary” at the last serving cell according to the UE history information, the likelihood to successfully reach the UE in the last serving cell is different for different UE locations.

·  When the UE is located at the centre of last serving cell, UE is probably be reached at the last serving cell.

· When the UE is located at the edge of the last serving cell, the possibility of successful paging degrade great. Since the coverage of the edge is not stable and UE probably reselects to a neighbor cell. In hence, the paging area extended to the last cell and the last cell’s neighbor cell is reasonable.
Observation2: When a UE is estimated as stationary at the last serving cell, the possibility of successful paging the UE in the last serving cell is different for different UE locations.
If the neighbor cells are always applied for the stationary UE, the paging load doesn’t reduce efficiently especially when UE is located at the centre.  The paging in the neighbor cells is approximately 100% wasted.

Alternatively, we can ask eNB decides the recommended area according to the UE’s location, UE mobility speeds, etc. E.g., when UE is in the centre of last serving cell and the UE is estimated as stationary, only the last serving cell is recommended. However, the possibility of successfully paging UE in the last serving cell degrade according to a significant factor, i.e. interval from when UE is disconnected to when the paging is required (shorten as T_idle in Figure2).  In hence, it is not sufficient to recommend the last cell only at any case.
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Figure2 
For example, if only the last serving cell is recommended without neighbors, the last serving cell may be expired when the time of idle across a threshold. Then the MME miss the change to apply the last cell and neighbor cell to decrease the paging load.
Furthermore, it is reasonable for eNB to provide the useful information and all the paging strategy is concentrated at MME.

In hence, UE’s location information of the last serving cell is benefit for MME to decide paging area. It is proposed to be transferred to MME.
Proposal1: UE’s location information of the last serving cell is beneficial for MME to decide paging area. It is proposed to be transferred to MME.
3. Recommended area out of UE’s TAI list

In last meeting, a recommended area is proposed to help MME to decrease the paging area. The recommended area may come from UE history cells and their neighbors. 
However, some recommended area may not support the TAI of the TAI list configured for UE. E.g. cell2, 3, 41, 52, 63, 64 in Figure 3. Transport of paging on these areas cost extra resource. In hence, these areas not supporting the TAI configured for UE should be excluded.

Observation3: the recommended area may not support the TAI of UE’s TAIlist.

Considering eNB doesn’t have the TAIlist of UE and the TAIlist is dynamical information, it seems beneficial for MME to filter out the recommended area in case the TAI for each recommended cell are provided. 

Proposal2: It is proposed to provide the recommended cells with its supported TAI to MME to help MME filter out the cells out of UE’s TAI list. 
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Figure3
4. Leftover issues in last meeting

4.1 time stamp and time spent
Considering some users’ mobility trail is predictable, if the history visited information is enough plentiful, UE’s location can be foresaw. With regards to the possibility of a cell camped by a UE, the time stamp and time spent for this cell is benefit for the selection of the cells where the UE is likely to stay at different period. E.g. UE is probably at home at 24:00-6:00 and at office at 10:00-17:00 respectively. 

· The time spent provides an evidence to decide whether the UE is stationary or in mobility among cells.
· The time stamp help to accumulate where the UE probably stay at which period 
Proposal3: It is proposed to provide the recommended cells with the timestamp visited by a UE and time spent by the UE.
4.2 The second paging
All the recommended information is to provide evidence to estimate the likelihood to reach a UE at cells. No recommended area is guaranteed to 100% reach a UE. The second paging may be triggered by MME if no response from the UE is received. However, it worth nothing to require the eNB to understand which paging it is.

Proposal4: eNB doesn’t need to understand which paging it is.

5. Conclusion
In this paper, the more recommendation for paging optimization is analysis and proposed.
Observation1: UE history information is not enough to indicate whether a UE is in mobility or not under a cell. 
Observation2: When a UE is estimated as stationary at the last serving cell, the possibility of successful paging the UE in the last serving cell is different for different UE locations.
Proposal1: UE’s location information of the last serving cell is beneficial for MME to decide paging area. It is proposed to be transferred to MME.
Proposal2: It is proposed to provide the recommended cells with its supported TAI to MME to help MME filter out the cells out of UE’s TAI list. 
Proposal3: It is proposed to provide the recommended cells with the timestamp visited by a UE and time spent by the UE.
Proposal4: eNB doesn’t need to understand which paging it is.
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