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1
Introduction

There have been discussions on how to achieve forwarding of user data and control plane data for light connection at RAN3#93bis.
This paper discusses and explains a possibly agreeable solution.
2
Discussion

2.1
Forwarding of user data
2.1.1
Context Retrieval via X2 – successful case

Main point during discussions at RAN3#93bis was the question when and how to provide TNL addresses for forwarding user data of potentially buffered DL user data at the old eNB.

As the X2 Retrieve UE Context procedure, introduced in Rel-13 did not contain the possibility to provide forwarding addresses to the new eNB, there were considerations to use the X2 Handover preparation procedure. Such an approach is not recommended due to the fundamental difference between active mode handover (a UE context is prepared in advance, before the UE actually starts to consume radio resources at the target eNB) and mobility while the UE is suspended/inactive (the UE context is established once the UE already started activities on the target side). Future additions to both features may become unmanageable if handled by the same protocol function. 
There is also a difference in handling data forwarding as discussed along proposal 3 (the new eNB always provides forwarding addresses for all successfully established bearer contexts). Such differences are rather cumbersome to introduce in an existing procedure, that handles data forwarding in a different way. 
Proposal 1 Agree to use the X2 Retrieve UE Context procedure for retrieving the UE context for light connected UEs.

A further topic was the question on the timing of provision of forwarding addresses to the old eNB. It has been argued that providing those addresses at UE Context Release might be too late and there is the possibility to introduce an additional new message for that purpose. It is suggested to agree, as a way forward, on the latter approach.

Proposal 2 Agree to introduce a new X2 procedure – X2 Data Forwarding Address Indication – to provide forwarding addresses to the old eNB after the UE context has been successfully established at the new eNB.

See the way how such an approach would be capture in the draft stage 2 CR [1]:
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A further topic, probably not sufficiently discussed at the last meeting was the fact, that the old eNB is not able to provide a reliable indication to the new eNB whether user data for forwarding is available, as DL user data may arrive at any time before the S1 Path Switch has been performed.

It is therefore proposed that the new eNB provides forwarding addresses for all bearer contexts to the old eNB.

Proposal 3 The new X2 Data Forwarding Address Indication procedure shall provide forwarding addresses for all bearer contexts that have been successfully established at the new eNB.
2.1.2
Context Retrieval via S1 – successful case

The context retrieval via the EPC is outlined in the stage 2 CR in [1]:
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Figure 19.2.2.bb-1: Retrieve UE Context procedures (successful case)
Basically, a UE-associated, connectionless, class 2 signalling scheme is proposed that allows to mimic the X2 Retrieve UE Context procedure on S1, without the need to keep any state information in the MME. It is also not necessary to retrieve the UE Context via the MME that holds the UE context, it is even not necessary that the reply message is sent via the same MME as the request message.
Also in case of Context Retrieval via S1, there is the possibility that the old eNB has buffered DL user data. It proposed that data forwarding is also possible for that case.

Proposal 4 Context Retrieval via the EPC shall support data forwarding.

Stage 2 [R3-16xxxx] and stage 3 [S1AP R3-16xxxx] CRs already contain protocol support for user data forwarding.

While in the X2 case, an additional X2 message for providing forwarding addresses would make sense, this is not the case for the S1 case. As can be easily seen from the message flow, the S1 Path Switch procedure would provide a timely possibility to indicate forwarding addresses, which are then provided to the old eNB via the S1 UE Context Release procedure. It is proposed to agree on this kind of approach.

Proposal 5 DL user data forwarding addresses for all bearer contexts successfully established at the new eNB are provided by the new eNB within the S1 Path Switch procedure and relayed to the old eNB by the MME within the S1 UE Context release procedure.

2.1.2
Context Retrieval – unsuccessful case

In case the UE Retrieve Context wasn’t successful, there could be still user data pending at the old eNB, which are, dependent on the service, of importance in order to guarantee an acceptable service quality.

Proposal 6 It is proposed to support forwarding of DL user data also in case of unsuccessful context retrieval.

While provision of forwarding addresses in the successful context retrieval case can be embedded into the overall context retrieval signalling, this is not the case for the unsuccessful case. A direct access to the UE Context at the old eNB from the new eNB is not possible (and shall not be made possible due to security concerns – either the context reference is not resolvable at the old eNB or the new eNB, for whatever reasons, has decided to not allow context retrieval). The only remaining possibility would be to allow the new eNB to provide forwarding addresses at UE Context establishment. Such forwarding address could be provided to the old eNB at S1 UE Context release. 
The trigger for the new eNB to provide forwarding addresses would be the UE’s attempt to resume the connection. 
Proposal 7 For unsuccessful context retrieval scenarios detectable by the new eNB (i.e. the UE attempted to resume the connection from light connection) the new eNB provides forwarding addresses to old eNB by means of Initial Context Setup and UE Context Release signalling.
2.2
Forwarding of signalling (NAS) data

2.2.0
General

As far as we have seen any UE associated S1 signalling is caused by either MT or MO signalling. E.g. an E-RAB Setup procedure would not be triggered by any preceding NAS interaction. 

We would also not expect NAS PDUs to “pile up” at the old eNB, so that more than one NAS PDU would need to be handled.
2.2.1
Context Retrieval via X2 – successful case

We could foresee allowing a NAS PDU, that was not able to be provided to the UE from the old eNB, to be “forwarded” to the new eNB.

In principle it should be also possible to use the S1 NAS non delivery indication to the procedure that would cause the MME to re-send the NAS PDU via the new S1 signalling connection. But looking at the signalling and specification effort to introduce a NAS PDU IE it is proposed to foresee the possibility within the X2 Retrieve UE Context procedure.

Proposal 8 The X2 Retrieve UE Context procedure provides the possibility to forward a NAS PDU to the new eNB.

2.2.2
Context Retrieval via S1 – successful case

It should be also fairly straight forward to allow the S1 Retrieve UE Context procedure to include a NAS PDU IE, as the S1 Retrieve UE Context procedure basically mimics the X2 case.

Proposal 9 The S1 Retrieve UE Context procedure provides the possibility to forward a NAS PDU to the new eNB.

2.2.3
Context Retrieval – unsuccessful case

The requirements for handling buffered NAS PDU at the old eNB are probably on the same page as for handling of user data in the same case. There exist for sure cases, where retransmission on application level would impact the service quality in a considerable way.

However, including a NAS PDU into a messages that completes the UE Context Release (on the old side) is probably not the wisest approach, as it cannot be expected that the receiving entity (the MME) is prepared for any following action.

We would propose to not foresee any specific signalling for that case and utilise the S1 NAS non delivery indication procedure.
Proposal 10 At unsuccessful Context Retrieval, the old eNB utilises the existing S1 NAS non delivery indication to allow provision of a potentially buffered NAS PDU to the new eNB.

2.3
Support of forwarding of DoNAS NAS PDUs

It is well possible that a UE supports CP and UP CIoT optimisations and respective EPS bearers utilise both methods for delivering user data. So, it might happen that the trigger for RAN Paging of a UE in light connection is a NAS PDU containing user data and not signalling data, as discussed in the previous chapter. As the nature of the NAS PDU is transparent to the eNB, one might argue that this topic is already, implicitly, covered by the previous chapter.
The only question one may raise is whether it should be possible to forward more than one NAS PDU via X2/S1 Context Retrieval or in case of unsuccessful context retrieval.

In principle, one may expect careful utilisation of the DoNAS feature, but foreseeing only a single (user data) NAS PDU to be forwarded is probably not representing a complete solution.

We would suggest, as a way forward, to discuss the possibility to forward more than one NAS PDU at (successful) Context Retrieval to the new eNB, both, for the S1 and X2 case and to rather rely on legacy signalling means for the unsuccessful case, i.e. in case that is needed, to utilise the S1 NAS non delivery indication procedure in a repetitive way. A trigger for the old eNB to provide NAS PDUs to the MME could be the mere fact that the old eNB has sent the UE into suspend/light connected mode.

Proposal 11 For support of forwarding multiple NAS PDUs containing user data at successful UE context retrieval, discuss whether the possibility to include more than one NAS PDU into response message for the X2 and S1 Retrieve UE Context procedures.

Proposal 12 For support of forwarding multiple NAS PDUs containing user data at unsuccessful UE context retrieval, discuss the approach to use legacy signalling means, i.e. to repetitively apply the S1 NAS non delivery message.
3
Conclusion
We have discussed data forwarding aspects for UEs coming back from light connected mode into full connected mode. The following is proposed:
Proposal 1
Agree to use the X2 Retrieve UE Context procedure for retrieving the UE context for light connected UEs.
Proposal 2
Agree to introduce a new X2 procedure – X2 Data Forwarding Address Indication – to provide forwarding addresses to the old eNB after the UE context has been successfully established at the new eNB.
Proposal 3
The new X2 Data Forwarding Address Indication procedure shall provide forwarding addresses for all bearer contexts that have been successfully established at the new eNB.
Proposal 4
Context Retrieval via the EPC shall support data forwarding.
Proposal 5
DL user data forwarding addresses for all bearer contexts successfully established at the new eNB are provided by the new eNB within the S1 Path Switch procedure and relayed to the old eNB by the MME within the S1 UE Context release procedure.
Proposal 6
It is proposed to support forwarding of DL user data also in case of unsuccessful context retrieval.
Proposal 7
For unsuccessful context retrieval scenarios detectable by the new eNB (i.e. the UE attempted to resume the connection from light connection) the new eNB provides forwarding addresses to old eNB by means of Initial Context Setup and UE Context Release signalling.
Proposal 8
The X2 Retrieve UE Context procedure provides the possibility to forward a NAS PDU to the new eNB.
Proposal 9
The S1 Retrieve UE Context procedure provides the possibility to forward a NAS PDU to the new eNB.
Proposal 10
At unsuccessful Context Retrieval, the old eNB utilises the existing S1 NAS non delivery indication to allow provision of a potentially buffered NAS PDU to the new eNB.
Proposal 11
For support of forwarding multiple NAS PDUs containing user data at successful UE context retrieval, discuss whether the possibility to include more than one NAS PDU into response message for the X2 and S1 Retrieve UE Context procedures.
Proposal 12
For support of forwarding multiple NAS PDUs containing user data at unsuccessful UE context retrieval, discuss the approach to use legacy signalling means, i.e. to repetitively apply the S1 NAS non delivery message.


These proposals are reflected in the stage 2/3 CRs provided in [1], [2] and [3] which are proposed to be further used as the (only) BL CRs.
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