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1
Introduction

At the joint SA2/RAN WG meeting in Tallinn, the following requirement was agreed: 

"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."
This document mentions existing potential solutions and describes an additional technique that could be used to meet this requirement. Text is then proposed for inclusion in TR 23.882.

2
Existing solutions

2.1
Do Nothing

This does not meet the requirement, 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.

2.2
Common Routeing Area

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. This is awkward for the SGSN as it 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, it is unlikely that it will be ideal to develop 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.

2.3
Common RNC

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 RNC. This does constrain the E-UTRA architecture but might permit the URA-PCH/long live Iu-ps connections to be maintained. 

3
Alternative Solution: Equivalent Routeing Areas and SGSN proxy

3.1
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 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. 

3.2
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 UE contacts the UTRA when it next returns to UTRA coverage.

f)
If the new cell is in a Routeing Area that is not within the list of equivalent RAs, 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.)

3.3
Downlink data flow to an "inactive" UE

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 2: 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.

4
Discussion

It is believed that, the description given above in section 3 shows that there are mechanisms available for limiting "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. 

The functionality described above can be imagined as part of a "plus" that needs to be added to "Gn/Gp" in figure B.1a and as part of the "plus" in either "Gi+" and/or "Rh" in figure B.2 in TR 23.882.

5
Proposal

It is proposed that the following text is added to a sub section of section 7 "key issues", in TR 23.882. 

With the exception of the last sub-section (7.x.3), the following text only contains editorial and formatting changes compared to the text in sections 2, 3 and 4, above.

7.x
Key issue: Limiting signalling due to In-active mode mobility between E-UTRA and UTRA/2G 

7.x.1
Requirement

Section 5 of this TR contains the following requirement:

"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."
This section describes potential solutions that could be used to meet this requirement. 

7.x.2
Potential Solutions

7.x.2.1
Do Nothing

This does not meet the requirement, 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.

7.x.2.2
Common Routeing Area

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. This is awkward for the SGSN as it 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, it is unlikely that it will be ideal to develop 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.

7.x.2.3
Common RNC

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 RNC. This does constrain the E-UTRA architecture but might permit the URA-PCH/long live Iu-ps connections to be maintained. 

7.x.2.4
Alternative Solution: Equivalent Routeing Areas and SGSN proxy

7.x.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 x: 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. 

7.x.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, 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.)

7.x.2.4.3
Downlink data flow to an "inactive" UE

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 x+1: 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.

7.x.2.4.4
Summary
It is believed that, the description given above in section 7.x.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. 

7.x.3
Selected Solution(s)

This/these are FFS.
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