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Introduction

This contribution discusses the existing alternatives for limiting signalling due to inter-3GPP access mobility management and adds a quick proposal to clarify the main difference between Solution A and Solution B in Section D.2.4.4 for Equivalent RA concept.
Discussion
There are some alternative solution so far for limiting signalling due to idle mobility management between EUTRAN and UTRAN/GERAN:
a)
Separate Routeing Area/Do nothing

b)
Common Routeing Area/Common SGSN

c)
Common RNC

d)
Equivalent RAs and SGSN proxy

e)
UE remains camped on the last used RAT

f)
Packet Data Bearer Proxy

g)
Inter RAT Resource Allocation

h)
User-IP layer interconnection
i)
Combined MME/SGSN
Alternative solution a, b, e, has been decided to avoid studying further 

Here we discuss the features of other alternatives solutions in the following aspects:

1) If support Idle MM between GERAN/UTRAN and EUTRAN

All the solutions except Alternative C supports idle mobility between GERAN/UTRAN and EUTRAN. If it is agreed that Idle MM between GERAN and EUTRAN should be supported, Alternative C could be ignored for further study.

The following compassion doesn’t consider Solution C.

2) Using GTP based or MIP based route update

“Alternative d, f, g, I “are based on GTP protocol to perform routing update from MME/UPE to inter-AS anchor, while “Alternative h” is based on MIP. It should be consider with idle/ active MM solution that If it is necessary to use “Alternative h” 
3) SGSN and MME combined or not 
“Alternative I” introduces an architecture which combines the SGSN and MME together to reduce the signalling transfer with each other. This solution may bring complication while migration from 2G/3G network to SAE network. If SGSN and MME is separated, we only need modify SGSN by software mean while MME is still available, but if they are combined together, we need modify the whole node, which may not support smoothly migration. This Alternative also doesn’t support distributed MME/ MME pool. 
4) Alternative d, f and g has the similar idea, the main difference is that in Alternative d, MME may management a List of RA for UE, but in solution f and g, UE only send the TA/RA update when TA/RA changed, one drawback we could see is that even TA and RA are not overlapped, UE won’t send TA/RA update, which may lead to unnecessary paging. The other difference is that Alternative D need Gr interface to support register the SGSN via the MME, which could avoid UE context transfer when UE move from 2G/3G network to SAE network, While Alternative f and g doesn’t add interface Gr to MME/UPE. 
5) Alternative f is a solution for UE first register with SGSN, then register with MME/UPE, Alternative g is a solution for UE first register with MME/UPE, then register with SGSN, thus those two solution need to combined together for further study to fit this two case. 
6) If it is necessary for SAE capability UE to active PDP context in 2G/3G network.

The UE with SAE capability needs an IP address once it attach to the network to support “Always on”. If the UE first register with 2G/3G MME/UPE, the UE needs to active PDP context to the network. If the UE first register with SAE MME/UPE and get an IP address, then UE move to 2G/3G MME/UPE without changing IASA, it’s unnecessary for UE to activate PDP context to avoid increasing air interface signalling. Solution B of Alternative d and Alternative h can support while UE hasn’t activate PDP context between SGSN and MME/UPE. 
7) Modification on 2G/3G SGSN:
Alternative d, g, h, and J need modify 2G/3G SGSN to support limiting signalling solution, Alternative g can be applied without modifying 2G/3G SGSN.

Conclusion

According the above discussion, we propose to preclude the Alternative solution C and solution I for further discussion. For MIP based solution only be considered if MIP mechanism is agreed to apply for idle/active mobility management. We may carefully consider Alternative d , f and g for further study. If MME and UPE could be separated or not is also necessary to consider when we decide the selection.
This contribution also adds a quick proposal to D2.4.4.4 of TR23.882.
Proposal
------------------------------------ Begin of change---------------------------------------------------------
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.
There are two main difference between Solution A and B
1) In Solution B, UP-GW won’t send downlink data to SGSN unless it knows there is Iu connection by information from CP-GW, so that UP-GW could handle the downlink data more efficiently. 
2) UE shall always activate PDP context when it register with SGSN for Solution A, but for Solution B, it’s not necessary to activate PDP context in the coverage of SGSN if UE has no service. This may benefit UE when UE first register in SAE network, then move to the coverage of SGSN, at which case, UE is not necessary to activate PDP context if there is no service.
Solution B needs less modification for SGSN than Solution A.
D.2.4.6
Advantages

Editor's Note: this list is suitable for both Solution A and Solution B for Equivalent Routing area concept.
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 is suitable for both Solution A and Solution B for Equivalent Routing area concept.
1. Requires updates to existing GERAN / UTRAN networks to support the equivalent tracking area concept.
------------------------------------------------------End of change  -------------------------------------------------------------------
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