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Abstract of the contribution:

This paper compares 4 different approaches to initiate downlink data transfer in the situation of overall idle state on 2G, 3G and LTE, including URA_PCH. In addition it takes care on specifics of 2G. An approach with reasonable handling of downlink data in terms of buffering and duplication is proposed to be adopted.
1. Introduction

The current description of the procedures that reduce idle state signaling contains some options or FFS items. This paper compares 4 different approaches to initiate downlink data transfer in the situation of overall idle state on 2G, 3G and LTE, including URA_PCH. In addition it takes care on specifics of 2G. The approach with reasonable handling of downlink data in terms of buffering and duplication is proposed to be adopted. I.e. the approach that buffers downlink data only in the Serving SAE-GW and the paging on 2G/3G is triggered by a duplicate of the initial downlink packet that the Serving SAE-GW forwards to the SGSN.
2. Discussion

Having agreed parallel UE registrations in UMTS and SAE the main interesting issue for reducing mobility management signalling is the transition from idle state (including URA_PCH) to active state when downlink data have to be transferred. 4 basic approaches exist. 
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The main differences between the 4 different approaches are in the initiation of downlink data transfer towards the UE: 

1) buffering on Serving SAE and paging messages to any RAT

2) buffering on Serving SAE-GW and sending a duplicate of initial packet to SGSN

3) Serving SAE-GW duplicates all data and forwards to SGSN

4) Serving SAE-GW uses last used data path and other entities coordinate

There are two variants for any of the four approaches differing in LTE user plane idle state termination on SAE-GW (a) or on MME (b):
1a)
the Serving SAE-GW buffers all downlink data and sends paging messages to MME and SGSN, and the SGSN pages 2G/3G or sends page request to RNC in case of URA_PCH, Serving SAE-GW sends downlink data on that path from which it receives paging response or “connection indication” 
1b) this alternative has no variant with user plane termination in MME
2a)
the Serving SAE-GW buffers all downlink data and forwards a duplicate of the first packet to the SGSN, the SGSN pages 2G/3G or forwards the packet to RNC in case of URA_PCH, and Serving SAE-GW requests MME to page; Serving SAE-GW sends downlink data on that path from which it receives a “connection indication”; i.e. like 1a) but packet duplicate instead of message from SAE-GW to SGSN
2b)
same as 2a) with difference that Serving SAE-GW sends also to MME a duplicate of first packet to trigger paging in LTE

3a)
the Serving SAE-GW duplicates and buffers all downlink data and forwards the duplicates to the SGSN, the SGSN buffers all data and pages 2G/3G or forwards all data to RNC in case of URA_PCH, and Serving SAE-GW requests MME to page; Serving SAE-GW stops duplication when it receives “connection indication” from one RAT and sends downlink data on that path from which “connection indication” is received
3b)
same as 3a) with difference that Serving SAE-GW sends also to MME the duplicates of all downlink packets that the MME buffers and that also trigger paging in LTE
4a)
the Serving SAE-GW sends all downlink data to the last used RAT, i.e. when 2G/3G was used the Serving SAE-GW forwards all downlink data to SGSN, the SGSN buffers and pages 2G/3G and requests the MME to page LTE, in case of URA_PCH (i.e. Iu connected) the SGSN forwards all data to the RNC and the RNC pages and buffers and sends a paging back via SGSN to MME, this initiates paging by MME in LTE; in case the UE responds on LTE forwarding paths are established from SGSN or RNC to the evolved RAN; in case the last used RAT is LTE the Serving SAE-GW buffers all downlink data and requests MME to page LTE and also the SGSN is requested to page 2G/3G; any buffering and forwarding stops when the appropriate path between UE and Serving SAE-GW is setup
4b)
same as 4a) with the difference that when LTE is last used RAT the Serving SAE-GW forwards all downlink data to MME, the MME buffers and pages LTE and request the SGSN to page; in case response on LTE the MME forwards data to evolved RAN and establishes path between UE and Serving SAE-GW; in case UE response on 2G/3G the MME forwards data to SGSN or RNC and SGSN establishes path with Serving SAE-GW
3. Comparison
Only 3b) and 4b) do not require buffering downlink data by Serving SAE-GW. 3b) uses parallel downlink paths to SGSN and MME and the Serving SAE-GW has to duplicate data until it is informed which of the downlink paths is the active one. So 3b) has to implement specific means for downlink data path handling on Serving SAE-GW even with user plane termination on MME.
Only 4b) has always a unique downlink path in the Serving SAE-GW and does not require any idle/active signalling from SGSN. On LTE side there is tunnel switching during idle/active transition. The drawback are various data forwarding configuration and inter RAT paging options that have to be setup at idle active transition when the used RAT is different than the last used RAT. 4b) is quite complex and the only advantage of no idle/active signalling from SGSN may be less important when UEs are preferably on LTE and also when the idle state signalling optimisation mechanism is disabled in case there is no overlapping LTE and 2G/3G. In difference to the other alternatives that have only procedures to setup user planes for their own RAT as user plane interoperation is in Serving SAE-GW alternative 4b) has at least four additional inter RAT user plane procedures for idle active transition (with 2G and 3G idle state handled by deferred update):

 1) Last RAT is LTE and response on URA_PCH (a state in SGSN where RAB is established and CN bearer (partially) released), the packets arrive at MME and MME pages also via SGSN; the RNC pages, receives a paging response and forwards this to SGSN; the SGSN asks the MME for the SAE Bearer contexts and provides forwarding tunnel endpoints for the MME buffered data; the SGSN forwards data to UE; the SGSN performs SAE Bearer updates with the SGW; after a timer the MME releases its SAE Bearer contexts

2)
Last RAT is LTE and response on 2G/3G (UE in 2G and 3G idle state in SGSN), the packets arrive at MME and MME pages also via SGSN; the SGSN pages, receives a service request or a RAU; the SGSN performs an inter CN node RAU with data forwarding from MME, updates PDP contexts with SGW and sets up RABs or 2G radio and Gb; after a timer the MME releases its SAE Bearer contexts.

3)
Last RAT is 2G/3G and response on LTE, the packets arrive at SGSN and SGSN pages also via MME; the MME pages, receives a service request or a TAU; the MME performs an inter CN node TAU with data forwarding from SGSN, updates SAE bearers with SGW and sets up SAE RABs; after a timer the SGSN releases its PDP contexts (partially).

4)
Last RAT is URA_PCH and response on LTE, the packets arrive at RNC and RNC triggers also paging via MME; the MME pages, receives a service request or a TAU; the MME performs an inter CN node TAU including setup of data forwarding paths from RNC via SGSN; MME updates SAE bearers with SGW and sets up SAE RABs; after a timer the MME releases its SAE Bearer contexts.

These additional procedures require considerable user plane handling additions to 2G/3G network entities. Compared to this 2a) basically requires addition of reporting functions to state machines in RNC and SGSN and user plane handling remains unchanged.
Variant 1b) does not exist and 2b) seems not useful, i.e. it is not useful to implement a user plane termination on MME just for the initial downlink packets that triggers paging. So it can be concluded that there is not much use for reduction of idle state signalling reduction by placing idle state user plane termination on MME. All variants that use idle state user plane termination on Serving SAE-GW show less complex procedures.

With idle state user plane termination on Serving SAE-GW it remains the question whether a message 1a) or a duplicate of the first downlink packet 2a) shall trigger the SGSN to page. For RNCs (for URA_PCH) and for SGSNs it is normal operation to trigger paging based on reception of downlink data. If there is no response data are discarded. So 2b) seems to requires less modification.
4. Conclusion

There is considerably more effort on functionality to be provided by MME, SGSN and RNC when placing idle state user plane termination in MME, i.e. the Serving SAE-GW should get functionality of idle state termination for reduction of idle state signalling.
Paging by RNC (during URA_PCH) or by SGSN is preferably triggered by data packets from Serving SAE-GW to limit the additions/modifications for RNCs and SGSNs to support reduction of idle state signalling.
It is proposed to adopt approach 2a). In this approach the Serving SAE-GW buffers all downlink data and forwards a duplicate of the first packet to the SGSN, the SGSN pages 2G/3G or forwards the packet to RNC in case of URA_PCH, and the Serving SAE-GW requests MME to page. The Serving SAE-GW sends downlink data on that path from which it receives a “connection indication”.
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