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Introduction

In the Warsaw SA2 meeting, the topic of idle-mode buffering for LTE was discussed. However, the interaction of location of idle-mode buffering with 2G/3G systems needed to be discussed. Specifically, the issue of signalling reduction for idle-mode mobility between 2G/3G should be considered. In this paper we provide a brief overview of how idle-mode buffering in MME could work with 2G/3G systems and provide overview of how reduced signalling idle-mode mobility between 2G/3G and LTE would work. We also answer the claim in the Warsaw contribution S2-071397 by Nokia, Siemens Networks that data forwarding between MME and 2G/3G SGSN is complicated. In this contribution we do not provide detailed flows of procedures.
Discussion
Idle-mode buffering in MME and idle-mode mobility with 2G/3G
The following picture provides, pictorially where idle-mode buffering would occur if idle-mode packet termination occurs in MME for LTE. Also connections to 2G SGSN and 3G SGSN are shown. Here the buffering location for both 2G and 3G SGSNs are unaltered, i.e not impacted by the fact that SGSN is anchored at Serving GW.
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Figure 1: Idle-mode in MME for LTE and idle-mode signal reduction scheme. [Approach 4b S2-071397]
In this case, the S-GW is not aware of the active/idle state of the UE. It simply forwards packet to the 2G/3G SGSN and for LTE either to eNB when UE is in active state or MME when UE is in idle state (which to the S-GW appears to be a “pseudo-eNB”). In the idle-state the S-GW forwards packet to the node at which the UE last performed RA or TA update. For idle-mode signalling reduction feature the UE simultaneously belongs to both a 2G/3G RA and an LTE TA. If UE last performed TA update at MME, the packet arrives at the MME. The MME pages in its area and requests the SGSN to page in case the UE also belongs to an RA. In case the UE responds in LTE, the MME forwards packets to the target eNB (an LTE procedure) along with other context information for the UE. The target eNB sets up radio bearers and performs a path-switch with the S-GW and packets start arriving at the target eNB from the S-GW. The target eNB transmits to the UE first any packets that were forwarded by the MME and then packets it receives from the S-GW. If the UE responds in 2G/3G, the MME forwards context information and any buffered packet to the 2G/3G SGSN. The SGSN updates the PDP context with the S-GW and packets from S-GW arrives at the 2G/3G SGSN. 

In case reduced signalling for URA-PCH is also supported and the UE dual-attached and is in URA-PCH state then the RNC will need to request the MME via the 3G SGSN to also page for the UE. In case the UE responds in LTE, the RNC will need to forward context and any buffered packets to the MME.
These are fairly straight-forward procedures. Sending paging request on S3 interface is new on top of Gn/Gp. However, context transfer on Gn/Gp is supported. Having packets forwarded as part of context-transfer would result in definition of some new context transfer messages, but this only has Stage 3 impacts. 

In Section 3 of the analysis contained in S2-071397, there was a proposal that four new “additional procedures” are needed for packet forwarding. These procedures were based on where the UE last performed RA/TA update (2G/3G, URA-PCH, LTE) and if the UE responded to paging in the “other” RAT (LTE, 2G/3G).  There was proposal that “user plane bearer” will need to be setup and torn-down between the MME and 2G/3G SGSN for forwarding packets. And this just for forwarding a few buffered packets in the MME or 2G/3G SGSN. It should be kept in mind that active-state for LTE is a long-lived state (please remember the discussion back in Denver with RAN2/RAN3) and hence the number of packets that will arrive in the MME during idle-state for UE are few. These packets can easily be forwarded as part of context transfer between the MME and 2G/3G SGSN. We agree with S2-071397 that setting up bearers for forwarding between MME and 2G/3G SGSN is complicated. However, these procedures are not needed.
Hence, as can be clearly seen, with idle-mode buffering in MME, signalling reduction for idle-mode mode mobility between 2G/3G and LTE can be easily implemented. Moreover, there are no impacts to idle-mode buffering in 2G/3G SGSN. This continues to occur in the 2G/3G SGSN. Also, 2G/3G SGSN do not need perform any additional process of informing the S-GW if the UE has gone idle. For idle-mode the S-GW just appears to the 2G/3G SGSN as a GGSN. Hence, the impacts on 2G/3G SGSNs is reduced. A side effect is that the S-GW is also simplified.
Idle-mode buffering in S-GW and idle-mode mobility with 2G/3G
The proposal in S2-071397 Nokia-Siemens, is depicted in the following figure (corresponds to option 2a). 
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Figure 2: Approach 2a (S2-071397) where the S-GW does idle-mode buffering for LTE and sends duplicate of one pkt to 2G/3G SGSN for dual-attached UEs.
The highlights of this proposal are:

1. In idle-state the S-GW does buffering for all UE in 2G/3G or LTE. (Not clear if this is only for UE’s that are dual attached or for UE’s that are also *only* in 2G/3G. More on this later)

2. If last RAT from which UE performed RA/TA update is 2G/3G, then the S-GW duplicates the first packet and forwards it to 2G/3G SGSN. If the last RAT from which UE performed TA update is LTE, then paging request is sent to MME.

3. The MME and 2G/3G SGSNs coordinated paging. MME requests SGSN to page and vice-versa. If UE is is URA-PCH, the RNC requests the MME to page through SGSN.

4. The S-GW is informed where the UE responded. A bearer path is setup to that entity (eNB for LTE and SGSN for 2G/3G) and forwards the packet to that entity.

The other option of sending page request to 2G/3G SGSN was, rightly, ruled out due to high impact on 2G/3G SGSNs. In the above approach the S-GW is made aware of the idle-state of the UE in both LTE and 2G/3G and also about URA-PCH state. In 2G/3G every time a UE goes into URA-PCH the SGSN will need to signal to S-GW. This has significant impact to the SGSN and also to the S-GW. 
This is not a very elegant solution. However, if companies insist on doing idle-mode buffering in S-GW for LTE, and idle-mode signal reduction is needed then the above will need to be supported. The impacts of S-GW for supporting buffering for UE’s that are also in 2G/3G attach are significant. This solution also adds unnecessary signalling between the access nodes and the GW to allow it to perform buffering. It will also require a S1-U preservation procedure.
Miscellaneous

Idle-mode buffering in S-GW for UEs attached *only* to 2G/3G 

In previous meetings, the argument has been made several times by companies that if idle-mode buffering for LTE is performed in S-GW, then idle-mode buffering for all 2G/3G SGSNs connected to S-GW should occur in S-GW.  The term used for introducing this feature has been referred to as “Release 8 Direct Tunnel”. It is important to note that changing the buffering location for all 2G/3G SGSNs that will interface to S-GW is a major upgrade required to 2G/3G SGSNs and should not be connected to the decision for idle-mode buffering for LTE. Any idle-mode buffering solution for LTE that *requires* idle-mode buffering on all 2G/3G SGSN connected to the S-GW should not be accepted as an idle-mode buffering solution for LTE.
From the previous discussion, if idle-mode buffering for LTE occurs in S-GW, the main reason for *also* buffering in S-GW for UEs attached to 2G/3G is for idle-mode signal reduction. For UEs attached to 2G/3G SGSNs there is no other reason for buffering in the S-GW. Hence, for dual-mode UEs that are only attached to 2G/3G SGSNs, idle-mode buffering should *continue* to occur in  2G/3G SGSN. Any new behaviour of buffering on 2G/3G side, should only occur for UEs that are idle on both 2G/3G and LTE. 

Proposal

Based on the above analysis for idle-mode signalling reduction and other advantages for idle-mode packet buffering in MME (S2-071427), it is proposed that the simplest option with the least impact to 2G/3G SGSN would be to have idle-mode packet termination in the MME. Packets buffered during idle-mode are typically very few, since LTE RAN supports dormant mode which is part of the active-mode of UE. Idle-mode buffered packet in the MME or 2G/3G SGSN should be forwarded between these entities as part of context transfer (special context transfer packets can be defined that such buffered packets).

It is also proposed that the following principles are agreed, irrespective of where idle-mode packet termination occurs for LTE:

· The location of downlink idle-mode packet termination for dual-mode UE’s attached *only* to 2G/3G accesses should occur in 2G/3G SGSNs.
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