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1
Introduction

During the discussion of "limited signalling inter-RAT mobility", the impact of not having a CS domain in the LTE/SAE system has been queried.

This document analyses the impact and proposes a solution.

Text for TR 23.882 is proposed.

2
Discussion

The existing CS domain MM mechanisms were developed in GSM phase 1 to cope with the issue of imperfect coverage. Some of the key aspects of these mechanisms are Periodic Location Updating and Implicit Detach.

Periodic Location Updating

Following each "radio contact" with the MSC, the mobile restarts its PLU timer. Upon expiry of the PLU timer, the mobile attempts to contact the MSC. If the mobile is out of coverage, the mobile waits until it returns to coverage, whereupon it immediately contacts the MSC.

It is proposed that this mechanism is used for the case of overlapping "CS+PS domain" (cf 2G and UTRA) coverage and "PS only" (cf LTE) coverage. I.e. that the CS capable mobile treats the LTE radio as a "hole in CS coverage".

In this manner, the UE can toggle between 2G, UTRA and E-UTRA and need only contact the MSC on entry into CS domain coverage, if, while in PS-only coverage, the PLU timer has expired.

If the UE powers up in LTE coverage, then when the UE first moves into CS coverage, the UE performs a CS attach.

Such a mechanism provides "very limited signalling mobility" – e.g. with PLU timer = 2 hours, the UE only contacts the MSC if it has not done so in the previous 2 hours.

For this functionality to work well, it is likely to be useful if there is independence between the LTE RAIs and the GSM-MSC LAIs. This is facilitated by the "equivalent routeing area concept".

CS domain mobile terminating events and "voice call continuity" need some consideration.

CS domain mobile terminating events

It seems logical that for an LTE-capable UE, mobile terminating events are routed first to the IMS domain and not to the CS domain. 

In this case, for services that cannot (or are not desired to) be supported by GSM-PS, the IMS domain can cause "parallel paging" in both PS and CS domains. (ie it sends a packet containing an Invite to the "GGSN" at the same time as sending an IAM to the MSC). 

If the mobile just responds in the CS domain, then, the CS domain is used for the call.

If the mobile just responds in the PS domain, then the S-CSCF uses the Cell information in the P-access network info header in the first IMS message from the mobile to determine whether the RAT can support the session. If the RAT is GSM, then that call is released and another IAM is sent to the MSC. The UE should then respond to the first or second IAM.

If the mobile responds in both domains, then the S-CSCF can use the Cell information in the P-access network info header information in the first IMS message from the mobile to determine which domain to use.

If the mobile has been implicitly detached by the MSC, then the call is rejected immediately back to the IMS domain.

voice call continuity

If the UE has been in LTE coverage when the PLU timer; then initiates a call; and then moves to an area of CS only coverage, the UE will need to perform a (P)LU to the MSC before the call can be "continued" in the CS domain. Techniques to mitigate this can be imagined, but, probably require changes to the legacy CS domain. 

Note that this is "active mode" mobility rather than "idle mode" mobility.

Gs interface

If an SGSN is connected to an MSC but the local cell does not support CS, then the UE can continue to perform combined updates. The result is that the UE would not be Implicitly Detached by the MSC and then that CS domain paging would fail.

Summary

a) attachment to the CS domain seems to be able to be handled well by the existing PLU functionality;

b) terminating voice calls can be handled by the IMS domain causing paging in both CS and PS domains, and, the IMS domain using the received Cell ID information to determine how to 'progress' the call.

3
Proposal

 It is proposed that the following revision marked updates are made to annex D of TR 23.882.

Annex D: 
More detailed descriptions of potential solutions for limiting signalling due to idle mode mobility between E-UTRA and UTRA/GSM

D.1
Introduction

This annex provides more information on some potential solutions that could be used to meet this requirement. Further analysis of these solutions (and other potential solutions) is needed before a decision is made.

D.2
Potential Solutions

D.2.1
Do Nothing

D.2.1.1
Overview

This does not meet the requirement to minimize the signalling due to idle mode mobility between E-UTRA and UTRA/GSM, but, is a feasible solution for single-mode E-UTRA terminals, or, if the E-UTRA coverage does not overlap other coverage areas, or, if the proportion of "dual" mode terminals is low. In this solution the terminal context in the network is only located in the network the terminal is currently camping on. As in all other solutions it is possible to utilize various hysteresis based cell selection criteria (thresholds, timer based etc.) in order to minimize the risk that the terminal toggles between different systems.

D.2.1.2
Advantages

1. No additional functionality needs to be added to the network architecture.

2. Possible to utilize any camped state in each access (e.g. URA_PCH) 

D.2.1.3
Drawbacks

1. The camped terminal needs to signal the network at every inter-access cell change leading to unnecessary signalling load. Multiple signalling sessions (eg for both CS and PS domains) may be required when moving into a pre-LTE RAT.
2. There is also a higher risk that the terminal will miss a page message from the network since the number of inter-access tracking area updates might be higher in this solution.

D.2.2
Common Routeing Area and common SGSN

D.2.2.1
Overview

Placing the GSM and UMTS cells into the same LA and RA is the basic part of the UMTS/GSM solution. However this does mean that both the MSC and SGSN are shared between 2G and 3G. The SGSN has to support both the Gb and Iu-ps interfaces and their different RAN/CN functional splits.

From a standardisation point of view, it would be relatively easy to extend this concept to cover E-UTRA, UTRA and GSM. However, from an implementation point of view, this requires the development core network nodes that support all of the Gb, the Iu-ps AND the E-UTRA RAN-CN interface.

In addition, the "signalling free movement between 2G and 3G" only applies in the "idle" state (GPRS-Standby to PMM idle) and means that the URA-PCH state does not get utilised to its full benefits.

D.2.2.2
Advantages

1. Tracking areas that overlap multiple RATs are supported which reduces signalling, assuming the E-UTRA/UTRA/GSM cells belong to the same CN node area

D.2.2.3
Drawbacks

1. Required combined PS nodes (or CS nodes) for different accesses (2G/3G, SAE / LTE)

2. Slower transition from camped to active state when the terminal is in UTRAN since it is not possible to utilize camped state containing RAN context in UTRAN (e.g. URA_PCH) and at the same time perform signalling free inter-RAT cell changes.

3.

Solutions for the absence of the CS domain in LTE need to be developed.

D.2.3
Common RAN / CN for E-UTRA / UTRA

D.2.3.1
Overview

With "basic GSM" and "EDGE", and with GSM in different frequency bands (900, 1800, etc), a common BSC can be used with all the cells in the same LA/RA.

A similar technique could be used for connecting E-UTRA and UTRA cells to the same RAN / CN. The terminal would operate using a common upper layer protocol stack for both E-UTRA and UTRA. Only the lower layers would be different depending on which technology the terminal is connected to. In this solution UTRA cells (at least HSxPA capable ones) are supported in the SAE / LTE architecture either using combined E-UTRA / UTRA nodes or using new or modified interfaces between UTRA and E-UTRA nodes. This does constrain the E-UTRA architecture since it needs to support UTRA cells, but it would permit the URA-PCH/long live Iu-ps connections to be maintained. 

D.2.3.2
Advantages

1. Tracking areas that overlap E-UTRAN and UTRAN are supported, which reduces signalling

2. It is possible to utilize a concept similar to URA_PCH where tracking areas can overlap each other, which avoids hard tracking area borders.

D.2.3.3
Drawbacks

1. Tracking areas do not overlap E-UTRAN and GERAN.
2. Require that UTRA cells are integrated in the SAE / LTE network either using combined UTRA / E-UTRA nodes or using new or modified interfaces between UTRA and E-UTRA nodes.
3.
Solutions for the absence of the CS domain in LTE need to be developed.
D.2.4
Equivalent Routeing Areas and SGSN proxy

D.2.4.1
Architectural overview

The description of this mechanism is based on the architectural picture indicated below.

Note: these techniques may also be applicable to other architectural concepts (eg there could be an E-UTRA RNC in between the AP box and the UP/CP-GW boxes).

Note: the use of some "GPRS terminology" does NOT imply that these interfaces/functions are reused by LTE/SAE, rather, the terms are just used to aid comprehension of the concept.
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Figure D.1: architecture overview.

In this architecture, the "2G/3G packet core" connects to the "evolved packet core" as follows:

- 
the user plane from the 2G/3G SGSN connects to the User Plane GateWay via the GTP-U part of Gn.

- 
the control plane part of the Gn interface connects the 2G/3G SGSN to the Control Plane GateWay via a somewhat modified GTP-C part of Gn.

- 
for E-UTRA capable UEs, the SGSN does not send MAP signalling to the HLR/HSS. Instead these functions are proxied across "Gr minus" to the CP-GW. The CP-GW has a Gr reference point between it and the HSS/AAA.

Between the E-UTRA Access Point and the core network:

- 
the interfaces need not be based on GTP/Iu, however, the same functional split might apply.

The GateWay:

- 
is split into separate Control Plane and User Plane units, and

- 
should support the concept that more than one "APN" may need to be supported (eg for IPv4 and IPv6, and/or for Corporate access and Public Operator MMS/IMS service), with each APN potentially being on different User Plane GateWays. 

D.2.4.2
Concept: Equivalent Routeing Areas

The concept is summarised as follows:

a)
the E-UTRA Access Points and UTRA/GSM cells are in separate Routeing (Tracking) Areas.

b)
Upon Attach and RA update, the UE is "accepted" into multiple, Equivalent Routeing Areas. Typically, one is for E-UTRA and one is for UTRA/GSM. The UE may be allocated different P-TMSIs in the different Tracking Areas.

c)
When the mobile moves between (E-UTRA) LTE-IDLE and an "inactive" UTRA state, the UE does no signalling to the network (as long as the new cell is within one of the set of Equivalent Routeing Areas). The "inactive" UTRA states are RRC-IDLE and URA-PCH. The nature of CELL-PCH and CELL-FACH are FFS. 

d)
Movement to E-UTRA from UTRA by mobiles in URA-PCH does NOT cause the Iu-PS connection to be released. This permits fast reconnection of the UE's data flow if the mobile later returns to UTRA. 

e)
While in E-UTRA, the UE keeps the periodic URA update timer running. If this expires while not in UTRA coverage, the UTRA will release the Iu connection, so when the UE next returns to UTRA coverage, it enters PMM-IDLE state.

f)
If the new cell is in a Routeing Area that is not within the List of Equivalent RAs (LERA) stored in the UE, then the normal RAU procedure is performed.

g)
When the mobile changes RAT while in an "active" state, UE-network signalling takes place to ensure that user data is correctly routed. The "active" states include LTE-active, UTRA-Cell-DCH and GPRS-Ready.

h)
For E-UTRA UEs, GMM and SM contexts in the SGSN and the CP-GW are synchronised by the SGSN proxying GMM and SM signalling to the CP-GW, and, by using a 'context reference number' (CRN). Whenever the UE modifies its SM or GMM state via E-UTRA, the CRN is updated. When the UE accesses via UTRA or 2G, the UE sends the CRN to the SGSN. If the SGSN detects a CRN mismatch, the SGSN pulls the SM and GMM context from the CP-GW. Changes in the security context that are made on E-UTRA may be pushed towards the SGSN(s) in advance of the UE leaving E-UTRA.

i)
The Periodic RA Update Timer is replaced with a Periodic SMU Timer, running between the UE and the CP-GW.

j)
If needed, Mobile Terminating activities based on MSISDN/IMSI (e.g. Location Services, SMS) are routed to the CP-GW. 

k)
The Access Point informs the UP-GW(s) from which it has sent/received data if the UE leaves the LTE-Active state.

l)
When the mobile is in LTE-idle and a downlink IP packet arrives at the User Plane Gateway (UP-GW) entity of the GW, then the UP-GW entity contacts the Control Plane Gateway (CP-GW), and the CP-GW initiates the Paging procedure in all of that UE's Equivalent RAIs. (Extra details are given below.)
m)
When the mobile is camped on an LTE cell, the mobile regards this as a geographic area where there is no CS domain coverage. The mobile's CS domain Mobility Management functions run as normal. Typically this results in the mobile performing a CS domain IMSI Attach when the mobile first moves into CS domain coverage after being powered on, and, in the mobile performing a Periodic Location Update when the mobile returns to CS domain coverage after PLU timer expiry.

o)
mobile terminating events are routed to the IMS domain. If the IMS domain determines that the service may require the use of the GSM CS domain (eg it is a voice call), then the IMS domain causes paging to be initiated in both CS and PS domains. The IMS domain examines the P-Access Network Info header in any IMS response from the UE to determine which domain is used for the call.
D.2.4.3
LERA Management 

The CP-GW could manage LERA and update the LERA to the UE in the corresponding set of Equivalent RAs. For paging process, CP-GW could send paging to the APs and SGSN according to the LERA it stores. SGSN does not have to store the LERA, nor has to take part into the LERA management, since the normal routing area update process will be performed.
After registration with HSS via CP-GW is finished in RA update process or in network attachment, the CP-GW may include the LERA in the confirm message to the UE.

Figure D.2 shows how the LERA is allocated for UE when UE initiates a routing area update request or attach request via 2G/3G SGSN. 


[image: image2.emf]5) Registration Confirm

(Including LERA)

1. Routing Area Update Request /

Attach Request

UE CP

-GW

HSS

2G/3G

SGSN

3) Registeration Request

2) Other Steps

4) Registration Confirm

3) Registeration Request

5) Registration Confirm

(Including LERA)


Figure D.2: Information flow for LERA management

1
UE sends RA Update Request or Attach Request to 2G/3G SGSN.

2
Other steps in RA update or Attachment processes, such as security functions. 

3
if UE is in a legacy network, SGSN sends the registration request to the CP-GW. The registration request includes the legacy RAI, CP-GW then forwards the request to HSS. 
4
HSS sends registration confirm message to CP-GW.

5
If UE is in a legacy network, CP-GW sends the registration confirm message including LERA to SGSN according the legacy RAI, and SGSN will forwards the message to UE.
D.2.4.4
Downlink data flow to an "inactive" UE

D.2.4.4.1
Solution A
When downlink packets are received at the UP-GW and the UE is in LTE-Active state, a (virtual) connection between the UP-GW and the AP may already exist for the UE. If such a connection exists, the UP-GW sends the packets directly to the AP. 

After the expiry of the LTE-Active State Timer in the AP, the AP and UP-GW release the connection between them for that UE. No user plane transmission path for the UE exists for future packets received in the downlink. 

When a downlink packet arrives the procedure described below is applied:

The UE may be in LTE-Active state as a result of signalling between UE and the core network and/or data transmission through a different UP-GW. In this case, a 'disconnected' UP-GW also acts as described below when a downlink packet arrives.
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Figure D.3: Transfer from Idle to Active states for UEs caused by downlink Traffic whilst in EUTRA coverage

0
The User Plane Gateway has two flags associated with the "PDP context". One indicates whether the UE is in "LTE-active or not". The other indicates whether the last "GTP-U tunnel" to be used was "on E-UTRA or on UTRA/2G".

1
A downlink packet is received in a UP-GW function and the "LTE-active or not" flag indicates "not".

2
If the "last used tunnel" flag in the UP-GW indicates that the UE was last in the coverage of the SGSN, then the UP-GW sends the downlink packet to the UTRA/2G SGSN.
A
When received by a 2G-SGSN:

I
If the MS is in the Ready state then the SGSN sends the packet to the BSS.

II
If the MS is in the Standby state, then the SGSN initiates paging for the MS, AND immediately returns a copy of the Packet to the UP-GW with an indication that parallel "paging in a wider area" is required. Once the 2G paging process has been completed, the SGSN returns an indication to the UP-GW of whether the MS was reachable or not (in 2G coverage).

B
When received by a 3G-SGSN:

I
If an Iu connection for this UE exists, the SGSN forwards this packet to the RNC on the Iu connection. If the UE is in URA_PCH or CELL_PCH, the RNC immediately returns a copy of the packet to the UP-GW, via the SGSN, with an indication that parallel "paging in a wider area" is required, AND, in parallel initiates paging in the URA/CELL. Once the UTRA paging process has been completed, the RNC sends the UP-GW an indication of whether the MS was reachable or not.


If the UE is in Cell_DCH, the packet is delivered to the mobile.

II
If an Iu connection for this UE does not exist, the SGSN immediately returns a copy of the packet to the UP-GW with an indication that parallel "paging in a wider area" is required, AND, the SGSN initiates paging for this UE in UTRA. Once the paging process has been completed, an indication of whether the UE was reachable or not is sent to the UP-GW.

3
When receiving a downlink packet from the Gi interface when the "last used tunnel" flag in the UP-GW indicates that the UE was last in EUTRA coverage (and the "LTE-Active or not" flag is set to "not"), then, the UP-GW will contact the CP-GW requesting paging to be initiated for this UE. 


Also, if the UP-GW receives a copy of a packet from an RNC/3G SGSN/2G SGSN with a request for "paging in a wider area" the UP-GW will contact the CP-GW requesting paging to be initiated for this UE in other areas.

4
The CP-GW sends a Paging message to all the APs and SGSN which are part of RAs that have been allocated to the UE (and which are not yet paging the mobile), including the parameters needed to page the UE (c.f. IMSI in 2G/3G).
5
The UE is paged on each of the E-UTRA, UTRA and 2G Cells that are contained within the list of Equivalent RAIs allocated to the UE.

6
When the UE receives the Paging message it responds with the Service Request/Cell Update message (or E-UTRA equivalent). In EUTRA this message contains enough information for the AP to gather the context for the UE (either directly from the last registered AP or from the CP-GW). In UTRA/2G, the SGSN indicates to the CP-GW that the mobile has responded to paging.

7
The AP (or SGSN) then creates the connection to the UP-GW (via the CP-GW in the case of an SGSN). When the connection is created to the UP-GW the IP packet buffered for the UE is sent on the connection to the AP (or SGSN).

8
The AP informs the CP-GW that it controls the UE, and the CP-GW passes the QoS information to the AP for this flow.

9
The CP-GW informs the UP-GW that the Paging procedure to locate the UE was successfully completed.

D.2.4.4.2
Solution B
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Figure D.4:
Transfer from Idle to Active states for UE caused by downlink traffic arriving while UE is in LTE IDLE.

0
The User Plane Gateway has a flag associated with the "PDP context", which indicates whether the UE is in "LTE-active or not"..

1
A downlink packet is received in a UP-GW function and the "LTE-active or not" flag indicates "not" or a copy of a packet from RNC with a request for “ paging in a wider area” is received in a UP-GW function.

2
UP-GW sends paging request to CP-GW, the paging request should indicate if “paging in a wider area” is requested.

3
CP-GW checks UE MM states, if UE is in PMM-CONNECTED State/GPRS-READY State, then go to step 6, if UE is in PMM-IDLE State/GPRS-STANDBY State or LTE-IDLE State, or the paging request from UP-GW indicates “paging in a wider area” then go to step 4.

4
The CP-GW sends a Paging message to all the APs and SGSN which are part of RAs that have been allocated to the UE (and which are not yet paging the mobile), including the parameters needed to page the UE (c.f. IMSI in 2G/3G).
The UE is paged on each of the E-UTRA, UTRA and 2G Cells that are contained within the list of Equivalent RAIs allocated to the UE.

5
When the UE receives the Paging message it responds with the Service Request/Cell Update message (or E-UTRA equivalent). In E-UTRA this message contains enough information for the AP to gather the context for the UE (either directly from the last registered AP or from the CP-GW). In UTRA/2G, the SGSN indicates to the CP-GW that the mobile has responded to paging.
6
CP-GW sends paging response to UP-GW, which indicates if UE is now in coverage of UTRA/GERA. When UP-GW receives paging response, which indicates that UE is now in coverage of UTRA/GERA, then the UP-GW sends the downlink packet to the 2G/3G SGSN. 

If the UE is in URA_PCH or CELL_PCH, the RNC immediately returns a copy of the packet to the UP-GW, via the SGSN, with an indication that parallel "paging in a wider area" is required, AND, in parallel initiates paging in the URA/CELL. Once the UTRA paging process has been completed, the RNC sends the UP-GW an indication of whether the UE was reachable or not. 

If the UE is in Cell_DCH, the packet is delivered to the mobile.
7
User plane connection will be established between UP-GW and UE (User plane connection could be controlled by the CP-GW). The AP informs the CP-GW that it controls the UE, and the CP-GW passes the QoS information to the AP for this flow.
8
When the connection is created to the UP-GW the IP packet buffered for the UE is sent on the connection to the AP (or SGSN).

D.2.4.5
Summary

It is believed that, the description given above in Annex D, section D.2.4 shows that this mechanism can limit "inactive mode signalling" while maintaining the E-UTRA core network separate from the 2G/UTRA core network. 

Upgrades to existing equipment are necessary, but these upgrades appear to be limited to software. 

D.2.4.6
Advantages

Editor's Note: this list was prepared with respect to "Solution A" in section D.2.4.4.1.

1. Allows overlapping tracking areas between E-UTRA / UTRA and GSM regardless which tracking area concept is used in each technology, which reduces signalling.

2. It is possible to assign multiple tracking areas to the terminal, which avoids hard tracking area borders also within each access.

D.2.4.7
Drawbacks

Editor's Note: this list was prepared with respect to "Solution A" in section D.2.4.4.1.

1. Requires updates to existing GERAN / UTRAN networks to support the equivalent tracking area concept.
D.2.5
UE remains camped on the last used RAT

D.2.5.1
Description

In this solution, the network knows the technology in which the mobile can be reached, and the paging is performed in that particular technology alone. This will require that the mobile make a location area/tracking area update whenever it makes an idle mode handover from one technology to another. Initial coverage of E-UMTS will be spotty compared to UMTS. Therefore, if the network needs to know the current technology in which the mobile can be reached, there will be a high tracking area update signalling load on the network due to idle mode handovers. It would be best if we can avoid this kind of signalling load by reducing idle mode handovers. 

The main idea of this option is that the mobile continues to remain camped in the technology in which it last did a tracking area update, unless it enters a region where there is no coverage of that particular technology. For example, if a mobile did its last location area update in UMTS technology, it continues to remain in UMTS technology and makes its location area updates as per UMTS location areas for as long as there is UMTS coverage. Even if it enters E-UMTS coverage areas, if there is still UMTS coverage, it continues to remain in the UMTS technology. When the mobile needs to be paged, it is paged in the UMTS technology, and if there is E-UMTS coverage in that area as well, and if operator and mobile policies are such that E-UMTS is the preferred technology, then an active mode handover is carried out to the E-UMTS technology. 

A minor modification of the above idea would be to have the mobile camped on the last used RAT for a certain period of time before switching over to the preferred RAT when under common coverage. This builds in a certain amount of hysterisis to reduce signalling load and at the same time reduce the occurrence of active mode handover.

The main advantage that this technique offers is that the location area/tracking area signaling load is reduced, while still allowing the network to know the exact technology in which the mobile can be reached. This benefit is obtained by postponing any inter-technology handovers in idle mode until it is actually required, i.e., when it loses coverage in the technology in which it made its last tracking area update, or when it needs to move to active mode and the alternate technology is the preferred technology for active data transfers.

D.2.5.2
Advantages

1.
Paging in a single technology alone is required at all times.

2.
No additional functionality needs to be added to the network architecture.

3.
Reduced signaling load compared to the scheme where a tracking area update is sent when a new preferred technology is available.

D.2.5.3
Drawbacks

1. Imposes a restriction on the mobile to not perform idle mode handovers when coverage of the previous technology exists.

2. Requires an inter-technology handoff at the time of call setup, if the mobile is in the coverage area of a preferred technology, while still in idle mode in a different technology.

3.
If UMTS coverage is more extensive than E-UTRA coverage, then the mobile will frequently be initiating access from UMTS. These accesses are unlikely to achieve the E-UTRA performance requirements for the transition time for moving from Idle to active mode data transfer.
4.
De-registration in the CS domain is not performed when the mobile returns to E-UTRA coverage. The impact of this on mobile terminating events is FFS.
D.2.6
Packet Data Bearer Proxy

D.2.6.1
Architectural overview

The description of this mechanism is based on the picture shown below.
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Figure D.5: architecture overview.

In this mechanism the UPE is in the data path of the packet data bearer provided by the 2G/3G SGSN. The UE registers with SGSN and receives TMSI and RA from SGSN. And the UE establishes a packet data bearer, which has the UPE in the data path. A subsequent registration with the MME maintains the TMSI and RA from SGSN and allocates in addition TMSI and RA from MME to UE. The UE remains registered at SGSN and the SGSN at HSS. After this registration with MME the UE may change between 2G/3G access and Evolved RAN without any registration signalling. 

Uplink data the UE may send to the 2G/3G SGSN or to the MME/UPE. Both are in the data path of the UE’s packet bearer service. Downlink data are duplicated by the MME/UPE and duplicates are forwarded to the 2G/3G SGSN so that both SGSN and MME/UPE start paging. Data are sent by that entity, which receives the paging response from the UE.

D.2.6.2
Information flow: registration and downlink data transfer
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Figure D.6: message flow

0)
In case the UE performs its first registration with MME/UPE this is performed as without any optimisation for limiting idle state signalling. The mechanism starts when the UE registers with the 2G/3G SGSN, e.g. because of selecting 2G/3G access.

1)
The UE registers with the 2G/3G SGSN.

2)
The 2G/3G SGSN registers at HSS and retrieves subscriber data, e.g. authentication data.

3)
In case of successful authentication/authorisation the SGSN accepts the UE registration.

4)
The UE request the establishment of the default IP bearer service if not already established. The packet bearer service is established by the SGSN towards the MME/UPE. The MME/UPE establishes the packet bearer service towards the inter AS MM. As a result of the IP bearer service establishment the MME/UPE is in the data path of the packet bearer service provided by the SGSN.

5)
The UE changes to the Evolved RAN.

6)
The UE sends a registration request to the MME/UPE and sends old TMSI and old RA.

7)
The MME/UPE requests subscriber data from SGSN. The SGSN address is derived from old TMSI/RA. The UE is identified by old TMSI/RA.

8)
The MME/UPE confirms the registration and allocates new TMSI/RA to the UE. And the MME/UPE sends the old TMSI/RA to the UE for the 2G/3G SGSN. The 2G/3G SGSN remains registered at HSS. The UE may change between 2G/3G and LTE access without network registration.

9)
Downlink data arrive at MME/UPE.

10)
The MME/UPE stores data and forwards duplicates to the SGSN.

11)
The SGSN pages the UE in the 2G/3G RA.

12)
The MME/UPE pages the UE in the RA of the Evolved RAN.

13a)
In case the UE responds to the SGSN the SGSN sends data to the UE in step 14a).

13b)
In case the UE responds to the MME/UPE the MME/UPE sends data to the UE in step 14b).

In case URA_PCH shall be included in idle state handling an inactivity timer in MME/UPE may be used to decide whether paging is performed on last used RAT or on all RATs. Alternatively, a message from UTRAN to MME/UPE may indicate the transfer to URA_PCH, which causes paging in all RATs instead of URA-only. 
D.2.6.3
Advantages

1.
Allows UEs to be registered in Tracking Areas of E-UTRAN, UTRAN and GERAN, which reduces signalling for idle state UEs.

2.
Can be applied without modifying 2G or 3G SGSNs. 

3.
Can handle URA_PCH as idle state allowing for fast transitions from camped to active state when the UE is on UTRAN.

4.
Allows to limit updates by UEs at TA borders by overlapping TAs or by confirming multiple TA at least for SAE/LTE (for 2G/3G see drawbacks).

5.
Does not require Gr (MAP) at the SAE entities.

D.2.6.4
Drawbacks

1.
Some potential limitations as subscriber control and registration with HSS remains on SGSN and control on SAE entities is via bearer service control. The specific limitations are FFS.

2.
Some modification of the SGSN (multiple TA in update confirmation) needed to further improve the amount of idle state signalling reduction.

3.
Some modification of the SGSN and RNC (signalling of transition to URA_PCH to SAE entity) needed to further improve the amount of idle state signalling reduction if URA_PCH is handled as an idle state.

4.
The LTE MME/UPE is on the signalling and data path for 2G/3G access, which is no drawback when MME/UPE and Inter AS MM are combined into one network entity.

D.2.7
Inter RAT Resource Allocation

D.2.7.1
Architectural overview

The description of this mechanism is based on the picture shown below.
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Figure D.7: architecture overview.

The UE registers with the MME/UPE and receives a TMSI, an RA of the Evolved RAN and an RA from 2G/3G access. The MME/UPE registers with the HSS. After this registration with MME/UPE the UE may change between 2G/3G access and Evolved RAN without any registration signalling. 

When downlink data arrive at MME/UPE the MME/UPE starts paging in the RA of the Evolved RAN and the MME/UPE requests the SGSN to page the UE within the 2G/3G RA. When the UE responds to the MME/UPE data are sent by the MME/UPE to the UE. When the UE responds to the SGSN a data path is established between MME/UPE and SGSN and data are sent by the SGSN to the UE.

For uplink data transfer the UE request MME/UPE or SGSN, respectively to establish data transfer resources. When the UE camps on Evolved RAN this is straightforward like without this mechanism of reducing idle state signalling. When the UE camps on 2G/3G access the SGSN establishes in addition a data path to the MME/UPE and forwards data received from the UE to the MME/UPE. The SGSN derives the serving MME/UPE from information sent by the UE (e.g. the RA of the Evolved RAN) or the SGSN could receive such information from the MME/UPE already during the UE’s registration. 

D.2.7.2
Information flow: registration and uplink/downlink data transfer
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Figure D.8: message flow

0)
In case the UE performs its first registration with 2G/3G this is performed as without any optimisation for limiting idle state signalling. The mechanism starts when the UE registers with the MME/UPE, e.g. because of selecting LTE access. Alternatively, the SGSN may confirm 2G/3G TMSI/RAs and Evolved RAN TMSI/RAs to the UE. This allows the UE to change between 2G/3G and LTE in idle state without any update signalling. This alternative requires SGSN modifications.

1)
The UE request registration at the MME/UPE.

2)
The MME/UPE registers at HSS and retrieves subscriber data, e.g. authentication data.

3)
In case of successful authentication/authorisation the MME/UPE accepts the UE registration and sends TMSI and RAs from Evolved RAN and from 2G/3G access to UE. In case this is the network attach the UE is provided with the IP configuration. This step may include communication between MME/UPE and SGSN to derive 2G/3G RA and TMSI and to establish a UE context in the SGSN.

4)
The UE camps on 2G/3G access and needs to transfer uplink data. It performs the Service Request Procedure in case it camps on 3G access.

5)
The SGSN establishes a data path with the MME/UPE that serves the UE. The data path may be established by existing or by enhanced Gn procedures. The address of the MME/UPE may be stored by the SGSN in an UE context, which is established in step 3. The UE may be authenticated by the SGSN.

6)
The SGSN initiates the RAB establishment.

7)
The UE sends uplink user data to the SGSN, which the SGSN forwards to MME/UPE.

8)
Downlink data arrives at MME/UPE.

9)
The MME/UPE pages the UE in the RA of the Evolved RAN and the MME/UPE request the SGSN to page the UE in the 2G/3G RA.

10a)
In case the UE responds to the SGSN the SGSN establishes a data path with the MME/UPE in step 11a) and the MME/UPE sends user data to the UE via SGSN in step 12a). The data path may be established by existing or by enhanced Gn procedures.

10b) 
In case the UE responds to the MME/UPE the MME/UPE sends user data to the UE in step 121).

In case URA_PCH shall be included in idle state handling an inactivity timer in MME/UPE may be used to decide whether paging is performed on last used RAT or on all RATs. Alternatively, a message from UTRAN to MME/UPE may indicate the transfer to URA_PCH, which causes paging in all RATs instead of URA-only. 
D.2.7.3
Advantages

1. Allows UEs to be registered in Tracking Areas of E-UTRAN, UTRAN and GERAN, which reduces signalling for idle state UEs.

2. Can handle URA_PCH as idle state allowing for fast transitions from camped to active state when the UE is on UTRAN.

3. Allows to limit updates by UEs at TA borders by overlapping TAs or by confirming multiple TAs for every RAT to the UE.

4. Does not require Gr (MAP) at the SAE entities.

D.2.7.4
Drawbacks

1. Some modification of the SGSN needed (multiple TA in update confirmation, interaction with MME/UPE).

2. Some modification of the SGSN and RNC (signalling of transition to URA_PCH to SAE entity) needed if URA_PCH is handled as an idle state.

3. The LTE MME/UPE is on the signalling and data path for 2G/3G access, which is no drawback when MME/UPE and Inter AS MM are combined into one network entity.
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