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Abstract of the contribution: This contribution try to discuss the error indication handling mechanism in the GPRS one tunnel solutions. 
Introduction

SA2 now are studying the One Tunnel Solution in the TR 23.809. This contribution proposes solutions for GGSN not supporting One Tunnel.
Discussion
SGSN Controlled Bearer Optimisation solution

In this solution the SGSN keeps the user plane functionality and has no modification on RNC and the GGSN. Only the SGSN needs to be upgraded. 
With this intension the following Error Indication handling mechanism is introduced (quoted from the TR): 

If direct tunnel is enabled and GGSN sends GTP error indication, RNC just releases the RAB locally. If RNC sends error indication then GGSN marks the PDP context as invalid.
As a result the PDP context has been marked as invalid in GGSN however kept active in SGSN and UE. It causes PDP context hanging in the SGSN and UE for some period of time. The RAB is released in RNC locally but the SGSN is not informed. The following are some cases after the RNC/GGSN receiving the Error Indication message.
1. The UE wants to send uplink data before the Iu release. It shall send Service Request to the SGSN to request resource reservation, including the service type = data. 
a) It maybe difficult for the SGSN to determine whether to re-establish/modify the radio access bearer because the SGSN thinks the Radio Access Bearer has been established in the RNC. 
b) If the SGSN determines to perform RAB re-establishment procedure and after the SGSN get the RNC tunnel information the SGSN shall sends this information to the GGSN in the Update PDP Context request message. The SGSN deactivates the PDP context in the SGSN and UE when the SGSN gets error response from the GGSN if the GGSN does not know the PDP context. It may bring bad experience to the user because the user needs to deactivate the old PDP context and activate a new PDP context before it can send uplink data.
2. RAB/Iu release. When the SGSN receives an Iu release request it shall release the RAB locally. The SGSN shall re-establish the GTP-U tunnel between the SGSN and GGSN. When the SGSN gets error response from GGSN it releases the PDP context locally. However the PDP context in UE keeps active.
3. After the Iu has been released if the UE tries to send data it shall send Service Request to the SGSN, including the active PDP context status in UE. The SGSN shall include the PDP context status in the Service Accept message to inform the UE to deactivate the PDP context locally. The UE may activate a new PDP context after receiving the Service Accept message.
As summary the drawback of this error handling mechanism are only in the period before the Iu/RAB is released.
1. After receiving the Service Request the SGSN needs to know whether to re-establish the radio access bearer when the radio access bearer already exists.
2. Before the user can send uplink data the PDP context need to be deactivated by the core network because of missing PDP context in GGSN. It may bring bad experience to the user.
3. If RAB is released the SGSN shall establish the GTP-U tunnel between the SGSN and GGSN. However when the GGSN detects the RAB does not exist by receiving the Error Indication the GGSN shall release the PDP locally. These two behaviours may cause conflict in GGSN. 
If we make some modification as the following to the current RNC and GGSN then the handing PDP context in SGSN and UE can be avoided.

1. If the GGSN receives the Error Indication from RNC, it shall send an Update PDP Context Request to the SGSN to inform the RAB in RNC does not exist. The SGSN should preserve the associated PDP context and Release the RAB. The SGSN may re-establish the RAB.

2. If the RNC receive the Error Indication from GGSN, it shall send a RAB Release request with new cause to inform the SGSN the PDP context in GGSN is already invalid. After receiving the RAB Release request message with such new cause the SGSN shall deactivate the PDP context in the UE and SGSN instead of establishing the GTP-U tunnel to the GGSN.
In order to do the above modifications the GGSN/RNC need to know whether the Error Indication is from SGSN or RNC/GGSN, which means the GGSN and RNC need to know whether the SGSN determines to use OTS or not. 

1. The GGSN need to know whether the Error Indication is from RNC or from SGSN. One of the solutions is adding a new OTS flag in Update PDP context request message to indicate whether the SGSN determines to use the OTS.

2. The RNC need to know whether the Error Indication is from SGSN or from GGSN. One of the solutions is adding a new OTS flag in RAB Assignment Request to indicate whether the SGSN determines to use the OTS. 
As the amount of GGSN is less than that of SGSN, it is recommended for the operator to do some update to some of the GGSN. The amount of RNC is more than that of SGSN so it is not recommended to update all of the RNC to support OTS. However the operator may update some of the RNC to improve the user experience when user access from such updated RNC.
GGSN Proxy

In this solution the SGSN have no user plane functionality, there is no GTP-U re-establishment procedure between the SGSN and GGSN when the RAB releases. When the RNC/GGSN receives the Error Indication an OTS specific Error Indication is sent to the SGSN on the signaling connection for the concerned PDP Context. In the existing specification the Error Indication message is a GTP-U message. The signaling protocol used between RNC and SGSN is RANAP and used between SGSN and GGSN is GTP-C. 
It is feasible to define the Error Indication message in RANAP/GTP-C protocol. However define new message in RANAP may cause backward compatibility issues and bring more complexity to RANAP protocol. There are other solutions to inform the SGSN, such as for the RNC it can use a existing RAB Release Request message with a new cause (Error Indication from GGSN) to inform the SGSN to mark the related PDP context as invalid, for the GGSN it can use the existing GGSN initiated Update PDP Context Request message with a new cause (Error Indication from RNC) to inform the SGSN to release the RAB. 
Conclusion

Based on the above discussion we can conclude: 
1. GGSN receives Error Indication

a) GGSN needs to know whether the Error indication is from RNC or from SGSN
b) GGSN needs to notify the SGSN that the Context in RNC is invalid

2. RNC receives Error Indication from GGSN
c) RNC needs to know whether the Error indication is from GGSN or from SGSN

d) RNC needs to notify the GGSN that the Context in GGSN is invalid

Proposal
We propose SA2 to discuss and agree the above conclusion and then update the following text into the TR 23.809.

/***********************First Change Begin***********************/
6.10
Error Indication

GSN/RNC sends GTP-U error indication if it can not find the PDP context or RAB for the received  G-PDU. When direct tunnel  is established between RNC and GGSN, possible GTP-U error indication is sent from GGSN to RNC or vice versa.

In such case SGSN does not receive information about PDP context or RAB release immediately because also GTP-U error indication bypasses SGSN.

SGSN failure (ref. 3GPP TS 23.060 [1] clause 13.8.2)

When the SGSN receives a GTP‑U PDU from the GGSN for which no PDP context exists, it shall discard the GTP‑U PDU and send a GTP error indication to the originating GGSN. The GGSN shall mark the related PDP context as invalid.

When the SGSN receives a GTP‑U PDU from the RNC for which no PDP context exists, the SGSN shall discard the GTP‑U PDU and send a GTP error indication to the originating RNC. The RNC shall locally release the RAB.
GGSN Failure (ref. 3GPP TS 23.060 [1] clause 13.8.3)

When the GGSN receives a GTP‑U PDU for which no PDP context exists, it shall discard the GTP‑U PDU and return an error indication to the originating SGSN. The SGSN shall mark the related PDP context as invalid and send a Deactivate PDP Context Request message to the MS. The MS may then reactivate the PDP context.
RNC Failure (ref. 3GPP TS 23.060 [1] clause 13.8.6)

When the RNC/BSC receives a GTP‑U PDU from the SGSN for which no RAB context exists, the RNC/BSC shall discard the GTP‑U PDU and return a GTP error indication to the originating SGSN. The SGSN shall locally release the RAB. The SGSN should preserve the associated PDP context. The SGSN may initiate the RAB Assignment procedure in order to re-establish the RAB.
6.10.1
SGSN controlled bearer optimisation

If direct tunnel is enabled and GGSN sends GTP error indication, RNC use the RAB Release request message with a cause, which indicates the RNC receiving an Error Indication from GGSN, to inform the SGSN that the Context in GGSN is invalid. The SGSN then sends a Deactivate PDP Context Request message to the MS. The MS may then reactivate the PDP context. 
If direct tunnel is enabled and the RNC sends error indication then GGSN sends a Update PDP context request message with a cause, which indicates the GGSN receiving an Error Indication from RNC, to inform the SGSN that the RAB in RNC is invalid. The SGSN preserves the associated PDP context and releases the RAB. The SGSN may re-establish the RAB..
The RNC/GGSN need to know whether the Error Indication message is from SGSN or GGSN/RNC, which means the RNC and GGSN need to know whether the SGSN determines to use OTS or not. The followings are one of the alternatives.
For the GGSN to know whether the SGSN determines to use OTS, one of the solutions is adding a new OTS flag in Update PDP context request message. This new OTS flag indicates whether the SGSN determines to use the OTS or not.
For the RNC to know whether the SGSN determines to use OTS, one of the solutions is adding a new OTS flag in RAB Assignment Request. This new OTS flag indicates whether the SGSN determines to use the OTS or not.
..





6.10.2
GGSN Bearer relay

To be described.

6.10.3
GGSN Proxy

When an Error Indication is received by the RNC on the direct tunnel from a GGSN, a RAB Release Request message with a new cause shall be sent to SGSN on the signaling connection for the concerned PDP Context. This new cause indicates the RNC receiving an Error Indication from GGSN. According to TS 23.060 subclause 13.8.3, the SGSN shall then mark the related PDP context as invalid and send a Deactivate PDP Context Request message to the MS. The MS may then reactivate the PDP context.
When an Error Indication is received by the GGSN Proxy on the direct tunnel from an RNC, an Update PDP Context Request with a new cause shall be sent to SGSN on the signaling connection (GTP-C tunnel) for the concerned PDP Context. This new cause indicates the GGSN receiving an Error Indication from RNC. According to TS 23.060 subclause 13.8.6, the SGSN shall then locally release the RAB. The SGSN should preserve the associated PDP context. The SGSN may initiate the RAB Assignment procedure in order to re-establish the RAB.
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