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Abstract of the contribution: This paper discusses the different locations for buffering user data in IDLE state in the case of S4 interface, w/o Direct Tunnel and w/o ISR. It proposes to agree on DL data buffering in S-GW in IDLE mode for all UE's. 
Discussion

Current TS 23.060 [1] specifies in clause 12.7.2.2 the RAB Release procedure with S4 interface for the case Direct Tunnel between RNC and S-GW is established without clarifying what happens in the case there is no Direct Tunnel. This has been discussed in the various revisions of [2] during email approval, but no agreement could be found at that time. 
When Direct Tunnel is established, TS 23.060 specifies that the downlink path between S-GW and SGSN is released. This means that when the S-GW receives DL packets, it buffers them and notifies the SGSN that data has arrived by sending a Downlink Data Notification to the SGSN as specified in 6.12.2A (Network Initiated Service Request procedure using S4). The SGSN, in its turn, pages the UE in the RA as specified in clause 6.13.1.3.2 (Downlink Signalling or Data Transmission). When the UE responds, the SGSN establishes the DL path by sending Update Bearer Request (S4/S12 downlink user plane TEIDs and IP address) to the S-GW. 
It is obvious that when ISR is enabled, the buffering must be performed in the S-GW as well since the paging must be done in both E-UTRAN and GERAN/UTRAN which only have the S-GW as common transmitting entity.
The question comes now for the case there is neither ISR nor Direct Tunnel. 
There are two alternatives:

1- As in Gn case, the S4 path is not released, therefore the DL data will be buffered in the SGSN. 
2- As in Direct Tunnel and ISR enabled cases, the S4 path is released and the DL data will be buffered in the S-GW.

The two alternatives will be studied below with regards to:
i) the size of the required memory in SGSN and S-GW
ii) the complexity of the procedures and impacts to SGSN/S-GW
iii) the performances
iv) further enhancements introduction flexibility, such as an equivalent for the PS domain of the "roaming retry feature" specified for the CS domain in Rel-8 TS 23.018

Alternative 1 

This alternative is depicted in figure 1. 
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Figure 1: Alternative 1 with queuing in SGSN when no ISR and no Direct Tunnel
In this alternative, the location of the buffering is different depending on whether the ISR is enabled or not for the UE, and whether Direct Tunnel is established or not.
i) size of the required memory in SGSN and S-GW 

There is no restriction to use Direct Tunnel in a systematic way as even in the roaming cases, Lawful Interception and inter-operator Charging are performed in the S-GW. In the same way, if ISR is not implemented, queuing will be deterministic: Queuing in the S-GW with DT; Queuing in the SGSN if no DT. So, it may be possible for the operator to dimension the S-GW and SGSN depending on whether it uses DT or not.
However, when ISR is implemented, it is not possible to know in advance how many UE's will be LTE-capable and ISR-capable UE's, furthermore it is not possible to plan how many ISR-capable UE's will be registered only in GERAN/UTRAN (first registration or in an area without LTE coverage). 
Therefore, the operator has to dimension the SGSN buffer memory to cope with the case of no ISR-capable UE's and no Direct Tunnel, but has also to dimension the S-GW buffer memory to cope with all-ISR capable UE's or Direct Tunnel. This double the global memory size in the network. 

Even if Direct Tunnel and ISR are not implemented and that the SGSN buffer size is dimensioned , a decision to introduce any of these features will force the operator to increase the memory size of the S-GW. And this may imply a hardware upgrade or may even not be possible.
It is true that the 2G-SGSN's have already a buffer for SNDCP/LLC for Ready mode, but there is none in 3G-SGSN's for PMM-Connected mode as it is done in the RNC. Furthermore, HSPA throughput is high and it would be better to avoid an increase of the queues in the SGSN because HSPA is used more and more. 
ii) complexity of the procedures and impacts to SGSN/S-GW
When an ISR-capable UE moves between GERAN/UTRAN and E-UTRAN, depending on the type of S4 SGSN (supporting ISR, Direct Tunnel, or none) and whether ISR is activated for the UE or not, the buffering has to be moved between SGSN and S-GW as shown in the following figure (red arrows).  

It can be noted that each time the queuing is in the SGSN the S4 bearers have to be re-established even if there is no DL data coming (blue lines). This makes useless network traffic even if it is not critical. 
Moreover, it makes the development and the IOT of the S-GW and the SGSN more complicated since there are plenty of different cases with different behaviours. 
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Figure 2: Move of the queuing in Idle Mode in Alternative 1
iii) performances 
In alternative 1, there is no signalling message between the S-GW and the SGSN. But this happens only in the case of non-ISR activated and non Direct Tunnel. 
iv) Further enhancements such as an equivalent of the "roaming retry feature" specified for the CS domain
Roaming Retry feature in PS domain would not be possible. See description in alternative 2 below.
Alternative 2
This alternative is depicted in figure 2. 
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Figure 3: Alternative 2 with queuing in S-GW for all the cases

i) size of the required memory in SGSN and S-GW 

The size of the buffer of the S-GW will be dimensioned with the same size as in alternative 1, as explained in corresponding section above. But there is no specific additional buffering required for HSPA or for increase of "always connected" UE's. 
ii) complexity of the procedures and impacts to SGSN/S-GW
The simplification is obvious as there is only one case for S4 SGSN, whatever they are connecting GERAN or UTRAN, whether they are ISR-capable or not, and whether they are Direct Tunnel capable or not.
This minimizes the developments and the IOT between nodes. 

Furthermore, with a S4-SGSN, there is no need to buffer packets from the 3G-SGSN in any case, as in IDLE state they are buffered in S-GW, and in PMM-Connected State they are buffered in the RNC in case of inter-RNC/inter-RAT handover. This simplifies a lot the 3G S4-SGSN.  

Impacts: as the SGSN is already deeply upgraded because of the introduction of S4, the introduction of the processing of the signalling message DL Data Notification, used to trigger the paging from the SGW when DL packets arrive, is not an issue. In alternative 1, the implementation of the different behaviours has higher impact. 
iii) performances

In addition to alternative 1, and only considering the cases where ISR is not activated for the UE and there is no Direct Tunnel, alternative 2 requires the S-GW to send a signalling message (Data Downlink Notification) to the SGSN which will establish the S4 bearer(s) when the UE responds to the Paging. 

However, the paging phase is quite a long procedure compared to the sending of a signalling message (DL Data Notification) and the establishment of the S4 bearer(s).  The additional delay for a paging is estimated to 15 or 20 ms. Moreover, this is the way it works with EPS (S-GW sends a DL Data Notification to the MME, which in its turn sends a Paging to the eNB).
iv) Further enhancements such as an equivalent of the "roaming retry feature" specified for CS domain
Roaming Retry feature has been introduced in CS domain for Rel-8 in TS 23.018. It allows to avoid the loss of paging e.g. in the case the UE in IDLE mode is changing from one old MSC to a new MSC. Indeed, without this feature, the Paging may be sent on the old MSC if HLR has not yet been updated, which would result in the failure of the terminating call. The solution consists in the old MSC triggering a retry of the terminating call on the new MSC, by sending a Resume Call Handling (RCH) message to the GMSC. This is shown in the next figure extracted from TS 23.018.
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Figure 4: Information flow for a mobile terminating roaming retry call
This feature could be also useful in PS domain in GPRS and EPS with Evolved Packet Core. The EPC solution for GPRS would consist in having the S-GW playing the role of the GMSC, and the SGSN playing the role of the MSC's as shown in the following figure, only as an example.
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Figure 5: Example of solution for roaming retry in the PS domain

This feature would not be possible in alternative 1 where the DL Data are buffered in the old SGSN. Moreover, the buffered DL Data would be lost. If these DL data are IMS Signalling (e.g. a SIP Invite), then the SIP session will fail. 
Proposal

Considering that:
- Alternative 1 has no significant benefits in terms of performances over Alternative 2;

- With the introduction of ISR or Direct Tunnel, Alternative 1 requires more complicated developments due to additional behaviours, and additional IOT between nodes;

- Alternative 1 requires same memory size for S-GW as Alternative 2, but more memory for SGSN because it is not possible to foresee the number of ISR-capable UE's, and because HSPA will be widely used; therefore, it will not be possible to globally optimize memory size in the network; 
- Alternative 2 simplifies the 3G S4-SGSN (no buffering for both idle and connected modes);

- Alternative 2 allows for future evolutions such as roaming retry for PS domain. 

It is proposed to agree on DL data buffering in S-GW in IDLE mode for all UE's. 

A companion CR in [3] is proposed. 
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