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Abstract of the contribution:

This paper discusses how to re-establish the preserved PDP context in different scenarios. Different conditions that whether the direct tunnel is established or not, served by GnGp SGSN or S4 SGSN are considered. 
Discussion

Direct Tunnel is an optional function in Iu mode that allows the SGSN to establish a direct user plane tunnel between RAN and GGSN (for connectivity with GGSN through Gn/Gp) or S‑GW (for connectivity through S4) within the PS domain.
Figure 1 and 2 shows the idle mode handling for Gn/Gp and S4 SGSN respectively when the direct tunnel is not enabled between RAN and CN. 
Case 1: direct tunnel is not supported in Gn/Gp SGSN

In figure 1, SGSN handles the control plane signalling and user plane tunnel between the RNC and GGSN. When the RAB assigned for a PDP context is released but the PDP context is preserved in the network, the GTP-U tunnel between RNC to SGSN is released but the tunnel between GGSN and SGSN should be kept for the downlink data receiving.
When the DL packets are received in GGSN, GGSN will send the packets to the SGSN. If SGSN check that the UE is in idle mode, SGSN will paging UE according to the procedure specified in clause 6.12.2 in TS 23.060. If the UE is in connected mode but the related RAB is not established, SGSN will trigger the RAB assignment procedure to establish the user plane between RAN and CN.
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Figure 1: IDLE mode handling for Gn/Gp connection without direct tunnel
Case 2: direct tunnel is not supported in S4 SGSN
In figure 2, SGSN handles the control plane signalling and user plane tunnel as well. When the RAB is released but the PDP context is preserved, the GTP-U tunnel between SGSN, SGW and PGW is still kept, only the GTP-U tunnel between the SGSN and RNC is deleted.
The received downlink packets will transmit to the SGSN. If the SGSN determines that UE is in idle mode, SGSN will initiate paging procedure. If UE is in connected mode but the PDP context is preserved, SGSN will initiate the RAB assignment procedure to re-establish the related RABs.
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Figure 2: IDLE mode handling for S4 SGSN without direct tunnel

Figure 3 and figure 4 are excerpted from clause 15.6 in TS 23.060. These two figures show the idle mode handling for Gn/Gp and S4 SGSN respectively when the direct tunnel is enabled between RAN and CN. 
Case 3: direct tunnel is supported in Gn/Gp SGSN
In figure 3, SGSN handles the control plane signalling but not handle the user plane tunnel between RAN and CN. RNC has a direct user plane GTP-U tunnel to the GGSN. When the RAB assigned for the PDP context which is preserved by the network is released, the GTP-U tunnel will be established between the GGSN and the SGSN in order to handle the downlink data.
When the PDP context is preserved by the network, the downlink data will reach the SGSN. SGSN initiates paging or RAB re-establishment procedure as the handling in case 1.
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Figure 3: IDLE mode handling for Gn/Gp connectivity
Case 4: direct tunnel is supported in S4 SGSN
In figure 4, SGSN does not handle the user plane tunnel between RAN and CN as well as figure 3. However, the difference to the figure 3 is that SGSN will not handle the GTP-U tunnel between SGSN and S-GW even when the PDP context is preserved by the network.
In this case, when the received downlink data is related to the preserved PDP context, the downlink data will be buffered in the S-GW. If the UE is in idle mode, S-GW will initiate the Downlink data notification to the SGSN to trigger a paging procedure. If the UE is not in idle mode, but the RAB is not established in RAN, how does the SGW inform the SGSN to re-establish related RAB is not described clearly in the TS 23.060.
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Figure 4: IDLE mode handling for S4 connectivity
According to the analysis, it can be seen that the downlink data is buffered in SGSN during paging procedure in case 1, 2 and 3. The downlink data will be buffered in S-GW during the paging procedure only in the condition that direct tunnel is enabled in S4 SGSN or the ISR is activated.

If the UE has signalling connectivity and the downlink data is received in the S-GW in case 4, in case the S-GW detects that there is no S4 GTP-U tunnel established for the received downlink data, S-GW shall initiate the Downlink data notification message to the SGSN and SGSN initiates the RAB assignment procedure to re-establish the preserved PDP context.
The above conclusion also applied for HNB subsystem deployed architecture. The deployment of HNB subsystem will not impact the handling of GTP-U tunnel in S4 or S12 interface when the GTP-U tunnel assigned for a PDP context is preserved. When the received downlink data is for LIPA, in GnGp SGSN architecture, the LGW will send the first packet to the SGSN, the SGSN buffers the first packet and initiates paging if the UE is in idle mode or initiates the RAB assignment if the UE has signalling connection to the network. In S4 SGSN case, if the direct tunnel is not enabled, the LGW will send the first packet to the SGSN as well. SGSN buffers the first packet and initiates the RAB re-establishment procedure. Otherwise, if the direct tunnel is enabled in S4 SGSN, the first downlink data shall be buffered in S-GW and S-GW send the Downlink data notification to the SGSN to initiate the RAB re-establishment procedure.

Conclusion
If downlink packets are received when the UE is in idle mode, the network shall be applied as follows:
- for GnGp SGSN:

- GGSN sends the received downlink packets to SGSN, SGSN initiates paging procedure. If the downlink packet received in L-GW for LIPA, L-GW sends the first packet to the SGSN and buffers all the other received packets.
- for S4 SGSN:

    - if the direct tunnel is not enabled or ISR is not activated, the handling is like the procedure in GnGp SGSN case. PGW sends the downlink packets to the SGSN via S-GW, SGSN initiates paging procedure. If the downlink packet is for LIPA, L-GW sends the first packet to the SGSN, SGSN buffer the first packets until the RAB established successfully,
    - if the direct tunnel enabled, the PGW sends the downlink packets to the S-GW, S-GW will inform SGSN via DL data notification message to initiate paging procedure. In LIPA case, L-GW sends the first downlink packet to the S-GW, the first packets shall be buffered in S-GW until the RAB established successfully.

If downlink packets are received when the UE is in connected mode while the downlink packets related PDP context is preserved, the network shall be applied as follows:

- for GnGp SGSN:

    - GGSN sends the received downlink packets to SGSN, SGSN initiates RAB assignment to re-establish the PDP context. In LIPA case, the first downlink packet is sent to SGSN to initiate RAB assignment procedure to re-establish PDP context.

- for S4 SGSN:

    - if the direct tunnel is not enabled, the handling is similar as in GnGp SGSN case, received packets are sent to SGSN and SGSN use the RAB assignment procedure to re-establish the preserved PDP context. In LIPA case, the first packet was transmitted from PGW to SGSN to trigger the RAB assignment procedure.

    - if the direct tunnel is enabled, PGW sends downlink packets to S-GW to buffer this packets. S-GW will send the Downlink data notification to SGSN to trigger MME initiates RAB assignment procedure. If LIPA packets are received in L-GW, the first packet is sent to the S-GW and buffered in it. S-GW will also need to use the downlink data notification to inform SGSN to initiate RAB assignment procedure.
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