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This papers evaluates various aspects related to the allocation of the downlink user plane termination for idle state UEs and 2G/3G access especially under consideration of “idle state signalling reduction”. An allocation of that functionality is proposed.

1 Introduction

This papers evaluates various aspects related to the allocation of the downlink user plane termination for UEs in 2G or 3G idle state. An allocation of that functionality is proposed.

2 Discussion

2.1 General

With the allocation of the user plane termination for LTE_idle to the SGW it remains the allocation of the user plane termination for 2G and 3G PMM idle and for URA_PCH, for which a system behaviour as for 2G and 3G idle is required.

There are two cases to consider. The idle state termination for the Rel-8 DT functionality. And the idle state termination for the functionality of “idle state signalling reduction” for 2G and 3G PMM idle and for URA_PCH.  

2.2 Rel-8 DT functionality
This DT functionality assumes for 3G the same UP model as for LTE access. In 3G active state the UP is a direct connection between RNC and SGW. In 3G idle state the UP terminates at the SGW and the SGW notifies the SGSN when downlink packets arrive and the SGSN performs paging.

The UP termination for LTE and 3G Rel-8 DT is identical, i.e. the UP terminates at the SGW. 


2.3.1 UP handling for idle state signalling reduction
The options of a) maintaining the existing UP termination on SGSN/RNC and b) all UP termination on SGW and c) that uses UP termination in RNC/SGSN and SGW are evaluated and compared in the following.

a) Idle state UP termination on SGSN/RNC
In this case Rel-7 UP termination functionalities of the RNC and the SGSN are used. As there is no other buffering of downlink packets received for the idle state UE all packets have to be forwarded from the RNC or the SGSN buffer to the eNodeB when the UE enters URA_PCH or 2G/3G idle state and sends paging response on LTE. This results in different user data forwarding functions, which have to extend the LTE Service Request procedure:

· Establishment of a UP path from RNC to eNodeB to forward packets when UE went to URA_PCH state and becomes active on eUTRAN 
· Establishment of a UP path from SGSN to eNodeB to forward packets when UE went to 2G or 3G PMM_idle state and becomes active on eUTRAN
· The UP path from RNC or SGSN to eNodeB may need to be routed via the Serving GW when indirect data forwarding has to be used
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b) Idle state UP termination on Serving GW
The Serving GW terminates and buffers downlink packets when the UE is in 2G/3G PMM_idle or URA_PCH states. Any buffering is SGW node internal and requires no configuration or signalling on external standard interfaces.
When the UE is idle on all 3GPP RATs the SGW duplicates downlink packets and sends the packets to the SGSN/RNC, which causes, depending on UE state, URA or RA paging without any modification of pre-R8 UP functionality in RNC or SGSN. If the UE responds via LTE the unmodified Service Request procedure establishes S1-U and all buffered and received downlink data are forwarded to the eNB. If the UE responds to RNC (URA_PCH) or to SGSN (2G/3G PMM_idle) the radio or PMM active state is signalled to the SGW and all buffered and received downlink data are forwarded to the SGSN/RNC. There is no need for any data forwarding paths between RATs. Buffered data are forwarded the same path that is used during active state.
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c) Idle state UP termination on SGSN/RNC and on SGW
UP termination functionality of the RNC and the SGSN are used for 2G/3G PMM_idle and URA_PCH states. The RNC pages in URA or SGSN in the RA when receiving downlink packets. When the UE enters URA_PCH the RNC buffers downlink data and forwards duplicates via a forwarding tunnel to the SGW. When the UE enters 2G/3G PMM_idle the SGSN buffers downlink data and forwards duplicates via a forwarding tunnel to the SGW. The SGW initiates paging in LTE via the MME. 

There are always additional data forwarding tunnels from the RNC to the SGW (for URA_PCH) or from the SGSN to the SGW (for 2G/3G PMM_idle). As a result any Iu and S4 establishment procedures and also procedures that change Iu or S4 due to mobility have to get functionality to establish and maintain the Iu and S4 data forwarding tunnels.
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Comparison:

When UP termination is allocated at RNC and SGSN (variant a) the network and its configuration is getting more complex. The LTE Service Request procedure has to be extended to establish additional forwarding paths from RNC or SGSN. Indirect data forwarding extends the required functionality further. 

Variant c maintains forwarding tunnels always in parallel to Iu and S4 are part of the solutions. Further it requires that the RNC and the SGSN duplicate data and forward that data to the SGW. For this the SGW needs a separate UP termination for the forwarded data to trigger MME paging, or the UP path within the SGW needs to change with any RAT change. All procedures establishing, modifying, moving or releasing Iu and S4 have to be extended.
When UP termination is allocated at Serving GW (b) then the LTE Paging Response/Service Request procedures need to establish only the normal active state UP path like without idle state signalling optimisation. The UP termination and buffering function is available at SGW for LTE access. In addition for 2G/3G the SGW duplicates downlink packets and sends the duplicates via S4 when the UE is idle on all 3GPP RATs.

2.3.2 CP handling for idle state signalling reduction
The options of a) maintaining the existing UP termination on SGSN/RNC and b) all UP termination on SGW and c) that uses UP termination in RNC/SGSN and SGW are evaluated and compared in the following.

a) Idle state UP termination on SGSN/RNC:

There is no signalling to indicate idle to active transition for idle state signalling optimisation. The main part of additional CP functionality is for establishing the different data forwarding paths. In addition ther paging signalling. So the SGSN sends a paging initiation message to the MME any time it receives downlink packets for UEs in 3G PMM_idle or 2G-Ready. In URA_PCH state the RNC sends paging initiation messages to the MME when it receives downlink packets. It seems useful to configure appropriately long Ready state timers to avoid high paging load from SGSN to MME and thereby also in eUTRAN.

b) Idle state UP termination on Serving GW:

For 2G and 3G access the idle or active states are signalled from SGSN to the Serving GW so that the Serving GW starts buffering and performs paging initiation. In addition the URA_PCH state is signalled from RNC to SGSN so that the SGSN can signal it to the Serving GW. This is the only signalling introduced by this approach.
The amount of such state signalling may be discussed. Depending on user data patterns the state change and related signalling may happen quite frequent unless  the UTRAN prolongs the active state, e.g. by using URA_PCH state. In case the Rel-7 direct tunnel should be supported any idle-active transition on 3G is signalled to the Serving GWs in any case. For 2G the Ready state may be considered as active state. Also depending on user data patterns a short Ready state may generate considerable state signalling towards the Serving GW. Therefore the Ready state timer should be appropriately long to avoid entering this state during typical application data transfer scenarios.
It should be noted that two effects limit the amount of state change indications. Firstly, the UE will quite likely select preferably eUTRAN when available. In this case 2G/3G remains idle and no state changes are signalled. Secondly, the idle state signalling optimisation, which is only used for LTE capable UEs, may be deactivated when the UE remains on one RAT, e.g. when the UE moved out of eUTRAN coverage. Then there is always “active state” on S4 and no state change is signalled to the SGW.

c) Idle state UP termination on SGSN/RNC and SGW:

The signalling performance is like for a), which means the amount of messages is the same. However there seem to be more signalling messages and procedures that need extensions. Any signalling to establish, modify, move or relase Iu and S4 connections have to be extended to manage the always existing forwarding tunnels towards the SGW.
Comparison:

Alternative b) that terminates the UP at the Serving GW may, depending on Ready timer configuration, generate more signalling. However when the UTRAN and GPRS (Ready) timers are tuned properly both alternatives have comparable signalling effort. Under this condition the amount of signalling may become comparable for all approaches. 
Termination at RNC/SGSN (alternative a) requires to generate paging messages between different RATs when the UE is in idle state and it requires path establishment signalling messages for data forwarding. Alternative does not need paging messages between the RATs. But the effort for handling data forwarding paths it higher than for alternative a.

Termination at Serving GW (b) requires 2G/3G state signalling but requires no additional path establishment signalling. Paging initiation messages are reduced by sending duplicated user data packets from SGW to SGSN to trigger transition to active state.
For the Serving GW frequent state change signalling should be no issue as it is used in a similar way for all RATs and accepted at least for LTE and Rel-7 DT. For the SGSN especially a short Ready timer may create some additional signalling effort. But this can and should be avoided as stated above for both approaches.
2.3.3 Error handling for idle state signalling reduction
For the CP all alternatives create additional error cases that need to be handled. As alternative b has basically only the state signalling it is assumed to have the fewest CP error cases.

UP error cases may be created by alternatives a and c. Alternative b has no additional UP functionality compared to the normal active state UP paths.
The additional UP error cases may be the needs to handle mis- or unallocated UP bearers. There is a low risk that the short lived data forwarding tunnels of alternative a cause such errors. The always existing forwarding tunnels of alternative c bear a higher risk of causing errors.

3 Conclusion

The allocation of the 3G UP termination for Re-8 DT is inherent feature of that approach.

For idle state signalling reduction the allocation of the 2G/3G user plane termination to the SGW requires the smallest set of additional 2G/3G functionality. It is merely adding state reporting messages to the RNC and SGSN MM state machines. And, the SGW needs the functionality to send duplicates of buffered packets.

Therefore the 2G/3G idle state user plane termination should be allocated to the Serving GW.

4 Proposal

4.4.3.2
Serving GW

The Serving GW is the gateway which terminates the interface towards E-UTRAN. 

For each UE associated with the EPS, at a given point of time, there is a single Serving GW.

Serving GW functions include:

-
the local Mobility Anchor point for inter-eNodeB handover

-
Mobility anchoring for inter-3GPP mobility (terminating S4 and relaying the traffic between 2G/3G system and PDN GW) 
-
E-UTRAN idle mode downlink packet buffering and initiation of network triggered service request procedure
-
Lawful Interception
-
Packet routing and forwarding
-
User plane termination and paging initiation for 3G direct tunnel functionality

-
User plane termination and paging initiation for 2G UEs in idle state, when idle state signalling reduction functionality is applied for the UE
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