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1 Introduction
This contribution proposes a way forward with the NAS / RRC / S1-AP inter-actions. 
In principle two types of NAS / RRC / S1-AP inter-actions are identified, inter-actions when the NAS procedures can be executed in parallel with AS (RRC / S1-AP) procedures and inter-actions when there is a need to handled NAS and AS sequencially. 

It is proposed that all NAS and S1-AP / RRC procedures that can be supported in parallel should on a peer-to-peer protocol level be independent. This means that the lower layer procedure can complete independently of the status of the higher layer procedure, and that the protocol behaviour of the higher layer is independant of which lower layer message was used to deliver he higher layer message. Independent protocol handling between the layers will most likely reduce the overall protocol complexity which would make the implementation and maintenance easier. The coordination of these independent layers can be handled within the MME and UE.
Procedure that cannot be handled independently and parallel should be handled sequentially. Example of such procedures is NAS ATTACH / AKA and AS security start.

In this contribution it is concluded that the following NAS procedures (or part of procedures) can, if desired by the MME, be handled in parallel with S1-AP / RRC procedures in order to reduce signaling delay:

· Dedicated Bearer Activation (discussed in section 2)
· The accept message during Attach (discussed in section 3)

· The accept message during Tracking Area Update (discussed in section 4)
2 Dedicated Bearer Activation
2.1 Background

During dedicated bearer activation the MME basically do two things, it setup the EPS bearer in the UE (e.g. UL TFT) and it setup of the S1 / Radio level bearer. Once these two tasks have been completed it acknowledges the bearer towards the S-GW / P-GW. 

It is assumed that the following failures can occur:

· The S1 (/RRC) bearer setup failed e.g. due to failed admission control (common)

· The NAS EPS bearer failed for some reason yet to be determined (rare)

2.2 Support for independent dedicated bearer activation

The following functionality is needed in order to support independent handling of the NAS and S1-AP / RRC protocol layers at dedicated bearer activation:
1 An inter-layer bearer identity which could link the EPS and Radio Bearer in the UE

2 Solutions for handling the case when one of the layers fails

For (1) it is possible to use an EPS Bearer Id that can be transferred both on S1-AP / RRC layer and on NAS layer. This would be similar to how the NSAPI / RAB id is handled in UTRAN. If the bearer id is used it would be possible in the MME and UE to check if both layer have succeeded before (a) starting to use a bearer and (b) for the MME acknowledge the bearer towards S-GW / P-GW. This is based on the assumption that there is always a direct dependency between a S1 “bearer” and RRC “bearer”. Following these rules it would be possible to do independent / parallel setup of NAS and S1-AP / RRC.

For (2) there are two sub-cases. 

· Case (2a) when the AS bearer (S1-AP / RRC bearer) fails but the NAS bearer procedure succeeds. In this case the MME and the UE should not start to use the bearer. The MME should be responsible for correcting the situation, either by also removing the NAS bearer or re-initiated the AS bearer setup. In previous contributions it has been argued that it is undesirable to allow the NAS layer to succeed before the AS resources are setup, this should however not be any problem if the UE and MME will not start to “use” this bearer until both layer have succeeded.

· Case (2b) when the NAS bearer fails but the AS bearer succeeds. Also in this case the MME will be aware of what happened and the can therefore be responsible for correcting the situation, either by removing the AS bearer or re-initiated the NAS bearer setup. The MME and the UE should not start to use the bearer before both layers have succeeded.
Note: It is assumed that the detailed UE behaviour in both of these scenarios will be defined in the NAS protocols by CT1. The RRC layer will just report to higher layer when the AS bearer is established.

Note: These error cases might also be handled slightly differently if there was a GBR or a Non-GBR bearer that was setup. E.g. for a Non-GBR bearer it might not even be required that the S1 / RRC layer completes before the MME can go and create the bearer in the S-GW / P-GW.

Conclusion:
By using a common inter-layer bearer identity between the AS and NAS layer, and follow the principle that a bearer is not used until both layers have succeeded with the setup and that it is the MME that is responsible for correcting any failure, it is possible to support independent NAS and AS bearer setup. 

The benefit of having independent layers is that the protocol design and implementation becomes cleaner and therefore most likely simpler.
The benefit of performing the bearer setup in parallel is that the setup delay is lower than for sequential setup.

Proposal 1: The NAS and AS (S1-AP / RRC) should have independent bearer activation procedures.  This means that the UE should be able to receive and process the NAS and RRC messages in any order.
Proposal 1a: The linking between the NAS and AS bearer is done using a common bearer id transferred in both layers.

Proposal 1b: The MME is responsible for handling the case when one layer succeeds but the other layer fails. 

Proposal 1c: The UE is not allowed to use a bearer until both the AS and NAS layer report that the bearer is up (the detailed UE behaviour will be defined in NAS by CT1).

Proposal 1d: The MME should not acknowledge the bearer activation procedure towards the S-GW / P-GW until both layers reports that the bearer is up (possible exception of Non-GBR bearers are FFS).
Given that it is proposed to use independent NAS and AS procedure it is also proposed to avoid piggy-backing of the NAS and S1-AP / RRC bearer setup message. Although piggy-backing is technically possible the performance benefits are small and from a protocol complexity is always good to only have one way to do one thing (i.e. only use NAS direct transfer).

Proposal 2: The NAS bearer setup messages should be delivered using direct transfer messages no piggyback should be used. 
Note on bearer modification:

Using the same rules as above it should also most likely be possible for the MME to modify existing bearers using parallel independant procedures, from performance point of view however this might in some cases be undesirable. In these cases it is possible for the MME to perform sequencial NAS and AS procedures when modifyin the bearers. For example:

· When adding a new flow to an existing GBR bearer it might be desirable to first update the GBR of that bearer before adding new UL filters in order to minimize the impact to the other service using that GBR bearer-
· Similarly when removing a flow from an exísting GBR bearer it might be desirable to first update the UL filters and remove the flor, before reducing the GBR.
3 Attach Accept Message

The NAS Attach has a NAS Accept message transmitted at the end of the procedure. Since this Accept message always includes the default EPS bearer the UE will always respond to this message with a Complete message, which verifies that the UE is attached and that the default EPS bearer is up.  Similarly to the Dedicated Bearer Activation procedure it is possible to setup the S1 context (including an AS bearer) in parallel with the Accept message.

Possible error cases are:

1 That the S1 context setup fails

2 Or that Attach Accept / Attach Complete procedure for some reason fails
In case of (1) it should be possible for the MME to either order the UE to EMM-IDLE by releasing the S1 logical connection for that UE or re-initiated the S1 context setup. 

In case (2) it is assumed that the UE would re-initiate the Attach on a new RRC / S1-AP connection, making it possible for the MME to release the S1 context for the previous attempt, once the new Attach procedure succeeds (details to be specified in CT1).

Given that both these error cases can be solved, it is proposed to adopt the same working assumptions as for dedicated bearer activation and support independent parallel NAS and AS handling.

This means that the “default” EPS bearer id is transferred both on NAS and AS level.

The UE or MME do not start to use the bearer until both layers are up. The detailed UE behaviour will be defined in NAS by CT1.
Proposal 3: The Attach Accept is independent from S1-AP / RRC procedures to setup the UE context and bearers. This means that the UE should be able to receive and process the NAS and RRC messages in any order.
Proposal 3a: Same rule regarding usage of bearers as in proposal 1a-c applies. 

Proposal 4: The NAS Attach Accept and Complete message should be delivered using direct transfer messages no piggyback should be used. 

Note on multiple bearers at attach:

From a RAN point of view it would also not be a problem if the NAS Accept message and the S1 context setup setup up additional bearers than the “default” bearers. 
4 TAU Accept
During the TAU procedure no new EPS bearers are setup, and the content of the TAU Accept message is also most likely not related to the S1 context. It should therefore be possible to also send the TAU Accept message in parallel to S1 procedures. 

Note: In case the TAU contained an “active” flag indicating to the MME that the UE wants to enter EMM-Connected, it is also proposed that the TAU Accept NAS message is sent independently from the S1-AP and RRC procedures. It it is assumed that the UE will have a NAS layer timer which will stop when the AS bearers are setup. If this timer times out but the UE succeeded with the TAU, it is assumed that UE will perform a Service Request procedure on a new RRC / S1 connection to handle the case when the core network has not reacted on the active flag (detailes to be defined by CT1).

Proposal 5: The TAU Accept is independent from S1-AP / RRC procedures to setup the UE context and bearers.  This means that the UE should be able to receive and process the NAS and RRC messages in any order.
Proposal 6: The NAS TAU Accept and Complete message should be delivered using direct transfer messages no piggyback should be used. 

5 Conclusion
It is proposed to adopt all the proposals 1-6 in this contribution and to lias RAN3, SA2 and CT1 with the conclusions.
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