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1. Introduction
Motorola would like to thank CMCC for their contribution [1] on potential paging optimization solutions, e.g. with respect to Paging load or overhead on the Uu and S1 interface. Motorola also has studied field statistics which show a UE remains in the same cell as last observed quite often. In reference [2] Motorola reported this to be the case approximately 50- 90% of the time. The method in [1] proposes to take advantage of this information by Paging in the same cell as last observed and its direct neighbours first, and only if no response to that page occurs will the MME send a paging message to the rest of the TA list. Motorola has a couple comments on Tdoc R3-092204 including its pros and cons and mentions alternatives as well as an enhancement to [1] which could minimize the disadvantage.
2. Comments on R3-092204
While paging per [1] should reduce the message loading for paging, there is a disadvantage with this approach. Namely, if the UE is not located on the first page attempt via this method then an additional Paging interval of delay occurs, plus a delay to account for a UE possible response and MME to send a Page to the entire area when it does not.  (Otherwise the mobile must wake up twice as often in order to avoid suffering this additional delay. Of course waking up more would have the disadvantage of reducing the UE battery life.)
A further question Motorola has is whether there is significant performance advantage of Paging both in the LastKnownCell and its neighbours per [1], versus only Paging in the LastKnownCell (or rather paging in all the cells in the same eNB as the LastKnownCell, assuming they are all in the same TA)? Paging in all cells of the eNB containing the LastKnownCell could of course be done per the existing standard and requires no standard change. So has CMCC examined whether the UE is most of the time to be located in the very LastKnownCell and the other cells of the same site, so that it would not be necessary to include the neighbouring sites in order to reach the UE the vast majority of the time?
3. Possible modifications and alternatives
Motorola discusses next ways one can reduce the over the air Paging loading as proposed by [1], while not incurring all of this additional delay (and without requiring the mobile wake up twice as often to avoid this delay). One means of this is by assuming a cascaded approach as per [2]. In this cascaded approach the UE is paged only in its LastKnownCell (or perhaps the LastKnownCell and neighbour cells per [1] if including the neighbours is found worthwhile). If there is no response, the UE is then paged in the remaining cells of the tracking area after a short time duration T (e.g. 100 ms). So the UE’s not in the LastKnownCell use a PCH2 that depends on the PCH1 allocated to the UE in its LastKnownCell. To quote from R3-070965: 

”When the UE is in its last known cell, it wakes up to listen to PCH1 and when it moves out to a new cell, the UE automatically wakes up to listen to a different PCH based on its knowledge of the timing of PCH1 in the last known cell. This implicit determination of the PCH slot requires that the eNBs are time-synchronized. Because the value of T is expected to be small, the paging delay introduced due to this sequential paging is not significant. After paging the UE in the first cell, the source eNB informs the UE of the result of the paging. In case of failure, the MME informs the remaining cells to page for the UE.”

Note this cascaded approach does require that the page messages be time synchronized and impacts UE behaviour. So while Motorola believes this is the superior solution, it has a disadvantage in terms of effort being required to enable page slot synchronization, though such synchronization would also help paging delays in other ways, e.g. when a mobile UE currently performs idle hand-over and misses a page about to be transmitted to it and moves to an unsynchronized eNB where its page slot just occurred and so also misses that.
In cases where time synchronization across eNBs does not exist for [2], then another method to reduce over the air Paging without introducing additional delay is via Page cancelling [3]. In this method the MME employs a new message, call it the PAGE CANCEL message. The MME Paging controller would transmit a page to all the eNB's in the TA, but then cancels the pages at most of the eNB's if the mobile is located under an eNB which happens to be one of the first eNBs to transmit the page. See [3] for an analysis of the expected benefits when using this method.
An approach based on [1] that should minimize the delay disadvantage would be to extend the existing S1AP Page message to include a list containing the most likely cells or eNBs, e.g. LastKnownCell (and optionally an indication to notify neighbour cells per [1]). Cells “not in the list” would only send the Page msg over the Uu interface if they are not highly loaded (since the non-loaded cell is not in need of saving Uu load). Thus only the highly loaded cells that are really in need of saving air interface resources would not Page the UE unless necessary. This would reduce the delay disadvantage of [1] where the UE is not in the last observed cell, as Motorola has observed only a small percentage of mobiles are in highly loaded cells normally.
4. Summary and Proposal
Motorola welcomes the contribution responded to herein and agrees that potential exists for improving the paging performance and further that a UE typically can be found in the last known cell; but Motorola thinks that consideration should be given to  alternate approaches, i.e. as given in section 3, one of which as described may be combined with [1] and that should then minimize the disadvantage with respect to additional paging delay. So in conclusion Motorola proposes to discuss the different options and determine if one should be standardized in release 9.
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