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Discussion
At SA2#66 meeting, several proposals were discussed on paging optimization:
· Proposals to limit both MME and radio interface paging load:

1. S2-144244: The MME provides the last known ECGI in the Page Request to suggest that the eNB limits paging in this particular cell;

2. S2-144273: The MME sends the Page Request to the last used eNB with a request that the eNB then relays the page message via X2 interface to appropriate neighbour eNBs (e.g. those that are frequently used for handover);

3. S2-143891: At S1 Release, based on connected mode information, the serving eNB provides current UE’s cell coverage information in terms of neighbouring eNBs to the MME, and the MME selects the eNBs to send Page Requests to.

· Proposal to further limit radio interface paging load 
1. S2-144273: The eNB tells the MME to store the frequency bands supported by the UE. When paging, the MME sends this information to the eNB(s). The eNB(s) then only pages on frequencies that the UE supports.
Let’s them take one by one.
Proposals to limit both MME and radio interface paging load

S2-144244: This is a very simple solution, but it is only focusing completely stationary UEs. Furthermore, even for stationary UEs, there might be some issues due to the fact that the radio environment is not always a stable as it is expected. For example, the UE may have used a cell at some time but that cell coverage might not reach the UE some time after because of e.g. a new obstacle between the UE and the base station such as a car, or a specific overload of that particular cell at that time, etc.  It would be better to add some neighbour cells in order to save signalling in more situations. 

S2-144273: An alternative solution is proposed in which
· The MME may send a first page in the area of the last used eNodeB: it proposes to not only page the last cells, but an area around it.

· Then the MME would page only the last eNB plus adjacent cells via X2 interface. Three observations can be made: 
1. This means that there are cases where neighbouring cells not belonging to the last eNB should be considered;

2. When the MME pages the serving eNB, the UE context is not there anymore and using X2 interfaces for paging would result in paging in a set of neighbouring cells which is the same for all UEs i.e. not specific to the UE.  

3. The way to reach these cells (via X2 interface) is somehow delegating the paging strategy to the RAN. We believe that the MME should not delegate too much paging strategy to the RAN. 

4. Moreover, there are many cases where X2 interfaces are not deployed everywhere. 

 S2-143891: The solution is based on the fact there is a need to page in neighbour eNBs (on this aspect it is almost on the same line with S2-144273, except that it does not propose neighbour cells but only neighbour eNBs in their whole): even a stationary/fix UE may be under the coverage of overlapping cells of different eNBs, M2M device's registered cell may change due to changes in the surrounding environment (increase/decrease in interference depending on degree of traffic congestion, presence/absence of moving obstacles like automobiles, etc.). However, it does not use X2 interfaces but S1 interface. 
One issue is that an eNB can be a large eNB, and this scenario has not been taken into account. It is not optimized enough to page in eNBs: We believe that it is necessary to be able to page in cells and neighbour cells. These cells might be in the serving eNB and/or in neighbour eNBs. 
Moreover, instead of paging in neighbouring cells valid for all UEs, the mechanism proposed in S2-143891 (using S1 Release to provide the MME with the list of eNBs/cells) allows to provide the MME with a fresh list of eNBs/cells that is specific to the UE (e.g. the last set of cells the UE has been connected to, with their neighbours). The main idea is to keep this fresh list of cells somewhere even after the deletion of the UE context in the eNB: the list of cells is to be stored in the MME for further paging. The fresher list of cells would be obtained if the eNB sends it at S1 Release. No need to send it before. 
ALU proposal 1: In order to minimize the cells through which the UE will be paged in the first place while maximizing the paging success a list of cells towards which the UE should be paged (in the rest of the document we call it the list of “recommended cells for paging”) should be provided by the serving eNB to the MME at S1 Release. 
ALU proposal 2: In order to minimize the area i.e. the number of cells through which the UE will be paged in the first place while maximizing the paging success the list of “recommended cells for paging” should be built by the serving eNB from the cells the UE has been connected to and from their neighbours. 

How the list of recommended cells could be built by the eNB?

· The serving eNB knows the list of cells the UE has been connected to within the eNB.
· The serving eNB also knows the neighbour cells of those cells, thanks to the Automatic Neighbour Relation (ANR) procedures. See TS 36.300 clause 22.3.2a.

· Among this list of neighbour cells and from the UE Radio Capabilities, the serving eNB can derive a “list of neighbour cells that are compatible with the UE Radio Capabilities”. 

· The serving eNB knows the list of cells that the UE has been connected to, thanks to the UE History Information. See TS 36.413 clause 9.2.1.42. Note that this IE also includes the duration of the time the UE stayed in each cell, and from this an “age” can be derived by the Serving eNB.
· In order to align the contents of UE History Information IE to the serving eNB knowledge on local cells, we propose to add a (restricted) list of neighbour cells for each cell included in the UE History Information. The duration of the time the UE stayed in each cell would also be used for the corresponding neighbour cells. We also propose that, for each cell the UE has been connected to, the list of neighbour cells is compatible with the UE Radio Capabilities. 
· From all these above information, the serving eNB can easily build a list of recommended cells for paging. It is not intended to standardize how this list is built: much other available information can be used additionally.  
ALU proposal 3: In order to allow the serving eNB to build the list of recommended cells for paging, it is proposed to enhance the UE History Information with the addition of the list of neighbour cells to cells the UE has been connected to.  
Another aspect is “how long the list of recommended cells for paging is valid?”
We believe that it should be possible for the MME to decide whether this list of cells for paging is valid. After a certain time, there is no real benefit to page the UE in these recommended cells because there is no chance to reach the UE. It depends on whether the UE is a fix UE a stationary UE or a mobile UE. 

ALU proposal 4: The MME may store the list of recommended cells with a timestamp in order to assess whether the list of recommended cells for paging is still relevant or not when paging the UE later on.

About the organization of the recommended cells for paging, it can be observed that the MME does not manage cells but eNBs. Hence, it seems reasonable to organize the “list of recommended cells for paging” per eNB to be paged. 

It is also not needed that the MME exactly knows the list if cells per eNB: it is only required that the MME knows that it is a list of cells. So that the “list of recommended cells” (per eNB) could be carried in a transparent container.
ALU proposal 4: The list of recommended cells for paging sent by the serving eNB to the MME is organized as a list of eNBs to be paged, each one with a list of recommended cells for paging in a transparent container.

Proposals to further limit radio interface paging load
1) Existing proposals
We believe that the proposal from S2-144273 is a good proposal: 

· the eNB tells the MME to store the frequency bands supported by the UE. 
· when paging, the MME sends this information to the eNB(s). 
· the eNB(s) then only page on frequencies that the UE supports
When looking at the UE Capabilities in TS 36.331 clause 6.3.6 “UE-EUTRA-Capability” below, it looks like that the frequency bands is the main parameter that would influence the list of “recommended cells to be paged” the eNB receives. The other parameters may influence the way the eNB pages the UE (such as category 0 UEs) but they do not influence the list of cells the UE is to be paged.
Possible parameters in the UE-UTRA-Capability IE are highlighted in yellow in the table below. But it is up to RAN to decide which ones would actually apply.
	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	accessStratumRelease

Set to rel11 in this version of the specification.
	-

	bandCombinationListEUTRA

One entry corresponding to each supported band combination listed in the same order as in supportedBandCombination. 
	-

	BandCombinationParameters-v1090

If included, the UE shall include the same number of entries, and listed in the same order, as in BandCombinationParameters-r10.
	-

	BandCombinationParameters-v1130

The field is applicable to each supported CA bandwidth class combination (i.e. CA configuration in TS 36.101 [42, Section 5.6A.1]) indicated in the corresponding band combination.
	-

	bandEUTRA
E‑UTRA band as defined in TS 36.101 [42]. In case the UE includes bandEUTRA-v9e0 or bandEUTRA-v1090, the UE shall set the corresponding entry of bandEUTRA (i.e. without suffix) or bandEUTRA-r10 respectively to maxFBI.
	-

	bandListEUTRA
One entry corresponding to each supported E‑UTRA band listed in the same order as in supportedBandListEUTRA.
	-

	CA-BandwidthClass

The CA bandwidth class supported by the UE as defined in TS 36.101 [42, Table 5.6A-1]. 
The UE explicitly includes all the supported CA bandwidth class combinations in the band combination signalling. Support for one CA bandwidth class does not implicitly indicate support for another CA bandwidth class.
	-

	cdma2000-NW-Sharing

Indicates whether the UE supports network sharing for CDMA2000.
	-

	crossCarrierScheduling
	No

	crs-InterfHandl

Indicates whether the UE supports CRS interference handling.
	No

	deviceType

UE may set the value to “noBenFromBatConsumpOpt” when it does not foresee to particularly benefit from NW-based battery consumption optimisation. Absence of this value means that the device does benefit from NW-based battery consumption optimisation.
	-

	dtm

Indicates whether the UE supports DTM in GERAN.
	-

	e-CSFB-1XRTT

Indicates whether the UE supports enhanced CS fallback to CDMA2000 1xRTT or not.
	Yes

	e-CSFB-ConcPS-Mob1XRTT
Indicates whether the UE supports concurrent enhanced CS fallback to CDMA2000 1xRTT and PS handover/ redirection to CDMA2000 HRPD.
	Yes

	e-CSFB-dual-1XRTT

Indicates whether the UE supports enhanced CS fallback to CDMA2000 1xRTT for dual Rx/Tx configuration. This bit can only be set to supported if tx-Config1XRTT and rx-Config1XRTT are both set to dual.
	Yes

	e-HARQ-Pattern-FDD

Indicates whether the UE supports enhanced HARQ pattern for TTI bundling operation for FDD.
	-

	enhancedDualLayerTDD

Indicates whether the UE supports enhanced dual layer (PDSCH transmission mode 8) for TDD or not.
	-

	ePDCCH

Indicates whether the UE can receive DCI on UE specific search space on Enhanced PDCCH.
	Yes

	e-RedirectionUTRA
	Yes

	e-RedirectionUTRA-TDD

Indicates whether the UE supports enhanced redirection to UTRA TDD to multiple carrier frequencies both with and without using related SIB provided by RRCConnectionRelease or not.
	Yes

	extended-RLC-LI-Field

Indicates whether the UE supports extended RLC length indicator.
	-

	featureGroupIndicators, featureGroupIndRel9Add, featureGroupIndRel10

The definitions of the bits in the bit string are described in Annex B.1 (for featureGroupIndicators and featureGroupIndRel9Add) and in Annex C.1.(for featureGroupIndRel10)
	Yes

	freqBandRetrieval

Indicates whether the UE supports reception of requestedFrequencyBands.
	-

	halfDuplex

If halfDuplex is set to true, only half duplex operation is supported for the band, otherwise full duplex operation is supported.
	-

	inDeviceCoexInd

Indicates whether the UE supports in-device coexistence indication as well as autonomous denial functionality.
	Yes

	interBandTDD-CA-WithDifferentConfig
Indicates whether the UE supports inter-band TDD carrier aggregation with different UL/DL configuration combinations. The first bit indicates UE supports the configuration combination of SCell DL subframes are a subset of PCell by SIB1 configuration and the configuration combination of SCell DL subframes are a superset of PCell by SIB1 configuration; the second bit indicates UE supports the configuration combination of SCell DL subframes are neither superset nor subset of PCell by SIB1 configuration. This field is included only if UE supports inter-band TDD carrier aggregation.
	-

	interFreqBandList
One entry corresponding to each supported E‑UTRA band listed in the same order as in supportedBandListEUTRA.
	-

	interFreqNeedForGaps

Indicates need for measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the E‑UTRA band given by the entry in interFreqBandList.
	-

	interFreqProximityIndication

Indicates whether the UE supports proximity indication for inter-frequency E-UTRAN CSG member cells.
	-

	interFreqRSTD-Measurement

Indicates whether the UE supports inter-frequency RSTD measurements for OTDOA positioning [54].
	Yes

	interFreqSI-AcquisitionForHO

Indicates whether the UE supports, upon configuration of si-RequestForHO by the network, acquisition and reporting of relevant information using autonomous gaps by reading the SI from a neighbouring inter-frequency cell.
	Yes

	interRAT-BandList
One entry corresponding to each supported band of another RAT listed in the same order as in the interRAT-Parameters.
	-

	interRAT-NeedForGaps

Indicates need for DL measurement gaps when operating on the E‑UTRA band given by the entry in bandListEUTRA or on the E-UTRA band combination given by the entry in bandCombinationListEUTRA and measuring on the inter-RAT band given by the entry in the interRAT-BandList.
	-

	interRAT-PS-HO-ToGERAN

Indicates whether the UE supports inter-RAT PS handover to GERAN or not.
	Yes

	intraFreqProximityIndication

Indicates whether the UE supports proximity indication for intra-frequency E-UTRAN CSG member cells.
	-

	intraFreqSI-AcquisitionForHO

Indicates whether the UE supports, upon configuration of si-RequestForHO by the network, acquisition and reporting of relevant information using autonomous gaps by reading the SI from a neighbouring intra-frequency cell.
	Yes

	loggedMeasurementsIdle

Indicates whether the UE supports logged measurements in Idle mode.
	-

	maxNumberROHC-ContextSessions

Set to the maximum number of concurrently active ROHC contexts supported by the UE, excluding context sessions that leave all headers uncompressed. cs2 corresponds with 2 (context sessions), cs4 corresponds with 4 and so on. The network ignores this field if the UE supports none of the ROHC profiles in supportedROHC-Profiles.
	-

	mbms-SCell

Indicates whether the UE in RRC_CONNECTED supports MBMS reception on a frequency indicated in an MBMSInterestIndication message, when an SCell is configured on that frequency (regardless of whether the SCell is activated or deactivated).
	Yes

	mbms-NonServingCell

Indicates whether the UE in RRC_CONNECTED supports MBMS reception on a frequency indicated in an MBMSInterestIndication message, where (according to supportedBandCombination and to network synchronization properties) a serving cell may be additionally configured. If this field is included, the UE shall also include the mbms-SCell field.
	Yes

	mfbi-UTRA

It indicates if the UE supports the signalling requirements of multiple radio frequency bands in a UTRA FDD cell, as defined in TS 25.307 [65].
	-

	MIMO-CapabilityDL

The number of supported layers for spatial multiplexing in DL. 
	-

	MIMO-CapabilityUL

The number of supported layers for spatial multiplexing in UL.
	-

	multiACK-CSIreporting

Indicates whether the UE supports multi-cell HARQ ACK and periodic CSI reporting and SR on PUCCH format 3.
	Yes

	multiClusterPUSCH-WithinCC
	No

	multipleTimingAdvance

Indicates whether the UE supports multiple timing advances for each band combination listed in supportedBandCombination. If the band combination comprised of more than one band entry (i.e., inter-band or intra-band non-contiguous band combination), the field indicates that the same or different timing advances on different band entries are supported. If the band combination comprised of one band entry (i.e., intra-band contiguous band combination), the field indicates that the same or different timing advances across component carriers of the band entry are supported. If this field is included, the UE shall include the same number of entries listed in the same order as in BandCombinationParameters.
	-

	NonContiguousUL-RA-WithinCC-List
One entry corresponding to each supported E-UTRA band listed in the same order as in supportedBandListEUTRA.
	No

	otdoa-UE-Assisted

Indicates whether the UE supports UE-assisted OTDOA positioning [54].
	Yes

	pdcp-SN-Extension

Indicates whether the UE supports 15 bit length of PDCP sequence number.
	-

	pmi-Disabling
	Yes

	powerPrefInd

Indicates whether the UE supports power preference indication.
	No

	rach-Report

Indicates whether the UE supports delivery of rachReport.
	-

	reportedFrequencyBands

Indicates frequency bands in response to requestedFrequencyBands.
	-

	rsrqMeasWideband

Indicates whether the UE can perform RSRQ measurements with wider bandwidth.
	Yes

	simultaneousPUCCH-PUSCH
	No

	simultaneousRx-Tx

Indicates whether the UE supports simultaneous reception and transmission on different bands for each band combination listed in supportedBandCombination. This field is only applicable for inter-band TDD carrier aggregation.
	-

	srvcc-FromUTRA-FDD-ToGERAN

Indicates whether UE supports SRVCC handover from UTRA FDD PS HS to GERAN CS.
	-

	srvcc-FromUTRA-FDD-ToUTRA-FDD

Indicates whether UE supports SRVCC handover from UTRA FDD PS HS to UTRA FDD CS.
	-

	srvcc-FromUTRA-TDD128-ToGERAN

Indicates whether UE supports SRVCC handover from UTRA TDD 1.28Mcps PS HS to GERAN CS.
	-

	srvcc-FromUTRA-TDD128-ToUTRA-TDD128

Indicates whether UE supports SRVCC handover from UTRA TDD 1.28Mcps PS HS to UTRA TDD 1.28Mcps CS.
	-

	ss-CCH-InterfHandl

Indicates whether the UE supports synchronisation signal and common channel interference handling.
	Yes

	standaloneGNSS-Location

Indicates whether the UE is equipped with a standalone GNSS receiver that may be used to provide detailed location information in RRC measurement report and logged measurements.
	-

	supportedBandCombination

Includes the supported CA band combinations, if any, and may include all the supported non-CA bands.
	-

	supportedBandCombinationAdd

Includes additional supported CA band combinations in case maximum number of CA band combinations of supportedBandCombination is exceeded.
	-

	SupportedBandCombinationExt, SupportedBandCombination-v1090

If included, the UE shall include the same number of entries, and listed in the same order, as in supportedBandCombination-r10.
	-

	SupportedBandGERAN
GERAN band as defined in TS 45.005 [20].
	No

	SupportedBandList1XRTT

One entry corresponding to each supported CDMA2000 1xRTT band class.
	-

	SupportedBandListEUTRA
Includes the supported E-UTRA bands. This field shall include all bands which are indicated in BandCombinationParameters.
	-

	SupportedBandListEUTRA-v9e0
If included, the UE shall include the same number of entries, and listed in the same order, as in supportedListEUTRA (i.e. without suffix).
	-

	SupportedBandListGERAN
	No

	SupportedBandListHRPD

One entry corresponding to each supported CDMA2000 HRPD band class.
	-

	SupportedBandUTRA-FDD
UTRA band as defined in TS 25.101 [17].
	-

	SupportedBandUTRA-TDD128
UTRA band as defined in TS 25.102 [18].
	-

	SupportedBandUTRA-TDD384
UTRA band as defined in TS 25.102 [18].
	-

	SupportedBandUTRA-TDD768
UTRA band as defined in TS 25.102 [18].
	-

	supportedBandwidthCombinationSet

The supportedBandwidthCombinationSet indicated for a band combination is applicable to all bandwidth classes indicated by the UE in this band combination.
Field encoded as a bit map, where bit N is set to "1" if UE support Bandwidth Combination Set N for this band combination, see 36.101 [42]. The leading / leftmost bit (bit 0) corresponds to the Bandwidth Combination Set 0, the next bit corresponds to the Bandwidth Combination Set 1 and so on. The UE shall neither include the field for a non-CA band combination, nor for a CA band combination for which the UE only supports Bandwidth Combination Set 0.
	-

	supportedCSI-Proc

Indicates the maximum number of CSI processes supported on a component carrier within a band. Value n1 corresponds to 1 CSI process, value n3 corresponds to 3 CSI processes, and value n4 corresponds to 4 CSI processes. If this field is included, the UE shall include the same number of entries listed in the same order as in BandParameters. If the UE supports at least 1 CSI process on any component carrier, then the UE shall include this field in all bands in all band combinations.
	-

	supportRohcContextContinue

Indicates whether the UE supports ROHC context continuation operation where the UE does not reset the current ROHC context upon handover.
	-

	tdd-SpecialSubframe

Indicates whether the UE supports TDD special subframe defined in TS 36.211 [21].
	No

	tdd-FDD-CA-PCellDuplex
Indicates whether the UE supports TDD PCell and/or FDD PCell in any supported band combination including at least one FDD band and at least one TDD band. The first bit is set to "1" if UE supports the TDD PCell.  The second bit is set to “1” if UE supports FDD PCell. This field is included only if the UE supports band combination including at least one FDD band and at least one TDD band. If this field is included, the UE shall set at least one of the bits as “1”. 
	-

	tm5-FDD

Indicates whether the UE supports the PDSCH transmission mode 5 in FDD.
	-

	tm5-TDD

Indicates whether the UE supports the PDSCH transmission mode 5 in TDD.
	-

	tm9-With-8Tx-FDD
	No

	twoAntennaPortsForPUCCH
	No

	txDiv-PUCCH1b-ChSelect

Indicates whether the UE supports transmit diversity for PUCCH format 1b with channel selection.
	Yes

	ue-Category

UE category as defined in TS 36.306 [5]. Set to values 1 to 10 in this version of the specification.
	-

	ue-Rx-TxTimeDiffMeasurements

Indicates whether the UE supports Rx - Tx time difference measurements.
	No

	ue-SpecificRefSigsSupported
	No

	ue-TxAntennaSelectionSupported

TRUE indicates that the UE is capable of supporting UE transmit antenna selection as described in TS 36.213 [23, 8.7].
	Yes

	ul-CoMP

Indicates whether the UE supports UL Coordinated Multi-Point operation.
	No

	utran-ProximityIndication

Indicates whether the UE supports proximity indication for UTRAN CSG member cells.
	-

	utran-SI-AcquisitionForHO

Indicates whether the UE supports, upon configuration of si-RequestForHO by the network, acquisition and reporting of relevant information using autonomous gaps by reading the SI from a neighbouring UMTS cell.
	Yes

	voiceOverPS-HS-UTRA-FDD

Indicates whether UE supports IMS voice according to GSMA IR.58 profile in UTRA FDD.
	-

	voiceOverPS-HS-UTRA-TDD128

Indicates whether UE supports IMS voice in UTRA TDD 1.28Mcps.
	-


In addition, TS 36.413 clause 9.1.6 already specifies a “UE Radio Capability for Paging” IE in the S1 Paging message. UE Radio Capability for Paging contains the UERadioPagingInformation message as defined in TS 36.331 clause 10.2.2. 
UERadioPagingInformation currently only contains information used for paging of category 0 UEs. But it can be easily extended by the addition of the supported frequency bands.
NOTE: the UE supported frequency bands are independent from the recommended cells and is not assumed to change when the UE is in connected mode. Therefore it does not need to be sent at the S1 Release: it can be sent at any time. 

ALU proposal 6: The UE supported frequency bands are provided by the serving eNB to the MME via the existing UE Radio Capability Information parameter (modification of TS 36.331). 

2) Other ideas

The S1 Paging message contains the list of TAs the UE is registered in.
It is therefore obvious that an eNB receiving such paging message with the list of cells to page would only page the UE in those cells which also belong to these Tracking Areas. Nothing needs to be specified for this aspect. 
Proposal
It is proposed to discuss the above proposals one by one, and to agree on the proposals 1 to 6.
Alcatel-Lucent has corresponding companion CR(s) and an LS to RAN2 and RAN3.
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