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1. Introduction
This paper was stimulated by S2-141884 that was presented by NTT DOCOMO at SA2#103 in May 2014 and which is anticipated to be presented in an updated form at this meeting. 
Vodafone has some hesitation over the technical solution that might be proposed in the updated document and wishes that the alternatives described in this document are also considered.
This document assumes that the reader has read the above indicated documents.

2. Paging Load Issues
The voE_UTRAN_PPD work item has revealed concerns over the ability of some MMEs to handle S1 interface paging load.
In R1-143635 = S2-142961, RAN 1 indicated concerns about the system efficiency caused by load on the E-UTRAN paging channel.
S2-141884 appears to try to address both these issues.

However, one aspect that does not seem to be raised in S2-141884 is the following:

a) many M2M devices will be “cost optimised” and only support a subset of the frequencies in use by that PLMN (e.g. they might only support the “coverage layer” frequency).
b) eNodeBs frequently support multiple frequency bands.
c) in order to limit TA Update signalling load on the network, all the cells in one ‘sector’ of an eNodeB are likely to be allocated to the same Tracking Area.
d) hence with the current EPS architecture, radio interface paging will be sent on all frequency bands – even those that the UE does not support! This is (and will become more) wasteful of radio paging capacity.

Note: 	this issue is not just related to M2M devices: many (perhaps most?) LTE devices do not (and will not) support all the frequency bands used by their VPLMN.

3. Alternative solution to reduce MME paging load
Note: if successful in reducing MME paging load, this solution would also reduce radio interface paging load.
The procedure is as follows:
a) As a result of MME algorithms and configuration parameters, the MME determines that it wishes to send a first page in the area of the last used eNodeB. There is no intention to specify this algorithm. 

b) The MME sends the S1 Paging message only to the last used eNodeB. This S1 Paging message contains an additional information element that requests the eNodeB to page in adjacent cells.

c) The eNodeB uses its configuration data and/or handover counters and/or SON to determine the appropriate set of neighbour cells. (This step may be done as a background process before step b.)

d) That eNodeB then sends a (new) X2 interface “Paging” message to each of these neighbouring eNodeBs. 

e) The neighbouring eNodeBs then page that UE – either in all their cells, or, in only the cells that they determine are neighbours to the source eNodeB.

The exact details of the S1 and X2 procedures are for the RAN WGs. For example, 

- whether the MME sends the full TAI List or only the TAIs from the List that are part of the ‘source eNodeB’ (in which case the neighbours might page the UE in an area where it is not registered -> but does this really matter? -> control might be useful at a shared network boundary.)
- whether the source eNodeB sends the selected neighbour cells to the Neighbour eNodeB, or, lets the neighbour eNB choose the cells on that neighbouring eNodeB.
- interactions with the Supported Frequency Band IE (see next section).

One aspect of this approach is that the MME is kept free of any detailed RAN knowledge.

4. Alternative solution to reduce radio interface paging load
Note: this solution does NOT reduce MME paging load.
In order to limit EMM signalling load, an operator may choose to place cells that are on different frequencies but which are on the same sector of an eNodeB in the same Tracking Area. 
While some UEs will support all these frequency bands, other UEs – especially cost optimised M2M devices - may only support a subset (e.g. one) of the frequency bands.
In order to reduce radio interface paging load by not paging UEs on frequencies that that UE does not support, the following is performed:
a) when the E-UTRAN receives the UE Radio Capability IE, the E-UTRAN processes it and creates a new information element called the Supported Frequency Band IE. 
b) The E-UTRAN sends the Supported Frequency Band IE to the MME whenever the E-UTRAN sends the UE Radio Capability IE to the MME.
c) The MME stores both IEs. Whenever the MME deletes the UE Radio Capability IE it also deletes the Supported Frequency Band IE.
d) When the MME sends a S1 interface Paging message to the E-UTRAN, the MME includes the Supported Frequency Band IE.
e) The E-UTRAN uses the Supported Frequency Band IE to choose which cells to (not) transmit the page to the UE.
When combined with the previous alternative (section 3), the Supported Frequency Band IE should be used by the source eNodeB to avoid selecting an inappropriate set of neighbour eNodeBs.

5. Proposals
It is proposed that:
a) The above alternatives are discussed along with other relevant input contributions.

b) The CR to TS 23.401 in tdoc S2-144274 is reviewed and updated.

c) Dialogue with RAN Working Groups is opened.
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