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1
Introduction

This contribution is related to the open issue identified at RAN3#49 and concreted at the joint meeting with SA2 during RAN#30.

For reference, this open issue is stated in S2-060546 “SAE timeplan” [2], chapter 2, issue k:

k)
(SA 2) Conclude "eNodeB"-"above eNodeB" functional split (already started, end S2 adhoc in April 06) (dependent upon (j) and its dependencies)

k1) re: initiation of paging for LTE IDLE mobile (eg from "previous Node B" or "GGSN"): RAN 2/3 delegates to provide status of current discussions to SA 2. SA 2 to try to resolve this issue at joint R2-R3-S2 meeting 21/2/06.

Further, this issue has been also addressed by a contribution from Motorola (R3-051352) which caused RAN3#49 not to conclude on the location of the paging initiation functionality of the UPE.

SA2#50 then discussed this issue again along documents [3] and [4] which where all noted.

2
Discussion

2.1
Relation to Inter-RAT Mobility Architectures

In order to analyse the paging initiation options, the current status of the key issue “Limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM” (see [1]) needs to be reviewed. A detailled analysis is given in [5].

As stated also in [5], the corresponding requirement is captured as follows 

"The SAE/LTE system shall provide effective means to limit mobility related signalling during inter-RAT cell-reselection in LTE_IDLE state. For example, with similar performance to that of the “Selective RA Update procedure” defined in TS 23.060."
The following solutions/concepts have been identified so far (numbered according to the chapters in Annex D of [1] they are described in):

D.2.1)
Separate Routeing Area/Do nothing

D.2.2)
Common Routeing Area/Common SGSN

D.2.3)
Common RNC

D.2.4)
Equivalent RAs and SGSN proxy

D.2.5)
UE remains camped on the last used RAT

D.2.6)
Packet Data Bearer Proxy

D.2.7)
Inter RAT Resource Allocation

The following considerations follow architectural assumptions of D.2.4), D.2.6) and D.2.7) and they can be summarised as follows:

-
2/3G Radio Access Networks separated from LTE-RAN

-
SAE Access Gateway (comprising MME, UPE and IS-MM-Anchor, ongoing debate in SA2) separated and connected to 2/3G SGSN via S3/S4 interfaces.

-
2/3G RAN is connected to 2/3G SGSN via Iu/Gb, LTE-RAN is connected to SAE-aGW via S1.

-
Once the UE is registered to both, 2/3G and LTE access, the UE’s mobility state is known in the SAE Access Gateway and the 2/3G SGSN.

-
No Mobility Signalling is necessary if UEs in LTE_IDLE/RRC_IDLE UEs are registered to “equivalent” routing/tracking areas and re-select LTE / 2/3G cells belonging to that “equivalent areas”.

-
The consequences of requiring limited mobility signalling for UEs in URA_PCH as well are debated separately in each chapter
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Figure X. Architecture assumed for Paging Initiation Discussions.

2.2
Paging Option 1: Paging Initiation in a central UP entity

This option foresees that the incoming data packets are buffered in the UPE, the MME distributes the paging request to all the relevant RATs and forwards the packets towards the network where the UE responds to the paging request.

Paging UEs in URA_PCH:

It is currently not clear whether UP resources are established between SAE UPE and 2/3G SGSN for UEs in URA_PCH. If no resources are established, the same handling as for IDLE mode is performed, however, it needs to be ensured, that the establishment/release of those resources are controlled by one of the entities controlling the mobility states (SGSN or SAE MME). 

If no UP resources are kept established between SAE UPE and 2/3G SGSN for URA_PCH mobiles, the aGW is informed via the release of resources on S3, if the UE changes from any active RRC state to URA_PCH. The UE then needs to be paged explicitly via S3.

If UP resources are kept established two options are conceivable:

A)
Either the central paging UP entity sends copies of the user packets towards the 2/3G SGSN while paging LTE. 

B)
Or the central UP entity needs to be aware of the UE being in URA_PCH and sends a paging indication to the 2/3G SGSN.

In order to align with paging handling for UEs in IDLE/STANDBY option B) would be preferable. 

The following flow chart depicts the various paging scenarios and should be self-explaining.
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Figure Y. Paging Initiation in a central UP entity.

2.3 Paging Option 2: Paging Initiation at the last active RAT

This option foresees that the incoming data packets are first routed towards the node which served the UE last. I.e. either the 2/3G SGSN in case the was served last via 2/3G access and is now in IDLE/STANDBY or to the RNC if the Iu ps connection is kept established and the UE is in URA_PCH or towards the last known eNodeB. 

Information about the last UP connection needs to be kept in UPE. 

There is no need to keep the UPE informed about the UE’s mobility state for paging reasons.

Further, the UPE does not need to buffer incoming data packets until successful paging response.

Figure Z depicts the case where the last know RAT was LTE, flow charts are given for the cases where the UE either moved to another eNodeB’s area (case a) or stayed at cells served by the last known eNodeB (case b) or or changed to 2/3G access (case c).

In any of these cases, 

1’’)
the eNodeB needs to keep a UE context containing at least the temporary id with which the UE needs to be paged, tunnel data and the MME entity that holds the MM context for the UE. 

2)
In case mobile terminating data arrives at the UPE, it is encrypted and sent to the last known  eNodeB.

3)
the eNodeB pages within cells of the last known eNodeB and triggers the MME entity that holds the MM context for the UE to distribute paging requests towards all the eNodeBs within the same TA and towards the 2/3G SGSN, referenced by the temporary paging identity.

Cases a), b) and c) are described below Figure Z.
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 Figure Y. Paging Initiation in the last active RAN.

case a) 



A certain fraction of mobile users (estimation of 65% given in [4]) will have changed to cells served by another eNodeB or cells of other RATs. Paging response is forwarded to the MME in charge (step 4a) which informs the last known eNodeB that the user packets buffered there need to be forwarded to another eNodeB (step 5a). After E-UTRAN resources have been established (step 6a) the forwarded packets (step 7a’’) as well as the packets sent by UPE directly (step 7a’) can be sent to the UE (step 7a).

case b) 



A certain fraction of mobile users (estimation of 35% given in [4]) will stay in cells served by the same eNodeB where they moved to LTE_IDLE state. In that case the UEs response might be received a bit earlier than in case a) and c) (step 4b). However, in order to reduce the UE’s response time, paging requests need to be forwarded to other RATs in any case (steps 3).

case c)


If the UE has moved to 2/3G access, the respective paging response will be received via interface “S3” (2/3G SGSN – SAE MME/UPE) (step 4c). The last active eNodeB is requested (step 5c) to forward buffered user data to the UPE (step 6c) which need to be decrypted (step 7c), before they are sent (step 9c) via the established resources to the 2/3G SGSN (step 8c).

2.4
Comparison of both options

	issue
	paging option 1: central paging
	paging option 2:paging at last RAT

	context in last known eNodeB
	not necessary
	UE context containing at least MME address, tunnel data and temporary paging id 

	distribution of paging request in LTE-TA and RAs
	via MME
	via MME

	buffering MT data for paging reasons
	at UPE
	at eNodeB (however, according to [4] the UPE could also buffer several packets within a “packet collection” timer, see §2.3.2 in [4])

	handling of eNodeB failures (as the eNodeB is not expected to be a highly reliable node it might fail frequently)

It needs to be ensured that the page-ability of the UE is guaranteed. 
	no recovery mechanism needed
	Recovery mechanism needed, i.e. paging initiation functionality needs to be implemented in MME/UPE in any case.

	security threats
	not applicable
	storing (NAS) UE contexts in eNodeB might be a security risk. It is possible to reference to the UE’s context in the MME via the paging id .

If necessary, SA3 should be consulted

	scalability
	no issue at eNodeB
	eNodeBs serving cells at the edge of a TA will most likely have to provide more UE context storage and UP buffer capacity as they will be contacted first at TA Update and keep the context until the UE changes to active.

	timing performance 
	no issue (assuming DRX cycles ~1s)
	assuming DRX cycles ~1s sending forth and back page requests should not be an issue, however network complexity increases


3
Conclusion and Proposal

As the paging initiation functions needs to be implemented in the aGW in any case to overcome with eNodeB failures and inter-eNodeB mobility, and as network complexity increases if option 2 paging schemes are followed (although they are smart and feasible) it is proposed to finally agree on Option 1.

It is further proposed to capture chapter 2 in TR 23.882 (or R3-018).
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