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1 Introduction
Note: This is an updated version of R2-081486 submitted to previous RAN2 meeting.The updates mainly include to address SA2 aspects.

The solutions for NAS / AS interaction during parallel NAS / AS procedures have been discussed in the RAN groups for some time. The background for this issue is that early in the SAE / LTE work it was identified that it would be good to execute some time criticial procedures that involve both the NAS and AS layer in parallel in order to reduce the latency of these procedures. The main affected procedures are: 

· Service Request

· Attach procedure
· Tracking Area Update (with active flag)

· Dedicated Bearer Activation
· Bearer Modification

· Bearer Release
For Service Request (SR) the main principles for NAS / AS interaction is already defined, the SR procedure is a one way NAS procedure which ends (from the UE point of view) with an indication from the AS layers.
The solutions for NAS / AS interaction in the other procedures are still up for discussion in the RAN groups and this contribution is proposing a way forward for these procedures. 
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. Examples of such procedures are 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)
· Bearer Modification (discussed in section 3)
· Bearer Release (discussed in section 4)

· The accept message during Attach (discussed in section 5)

· The accept message during Tracking Area Update (discussed in section 6)

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 e.g. due to that the UL TFT is not possible to apply in the UE (most likely an error case)
Note: Currently in 23.401 these procedures are combined into one procedure, however there is also cases (e.g. at Idle to Active transition, handover) when only the AS bearers are setup in the eNB. There could also be other case when only the NAS bearers are setup (e.g. at Attach over S101).  This paper is arguing that it is better to handle the Dedicated Bearer Activation ysing separate NAS and AS procedures.

2.2 Support for independent dedicated bearer activation

The following functionality is needed in order to support independent parallel 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 (i.e activate TFTs) 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.
Additional SA2 Proposal 1: Add EPS Bearer Id also to S1 signalling in 23.401.
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 (i.e. activate TFTs, notifiy S-GW / P-GW) until both layer have succeeded.
Additional SA2 Proposal 2: Add Separate NAS bearer release procedure in 23.401.
· 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 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.
Additional SA2 Proposal 3: Add Separate AS bearer release procedure in 23.401.
Note: The same principles above can be applied when one layer is delayed compared to the other layer. I.e. the UE and MME will not start to use the bearer until both layers have completed.
Note: It is assumed that the detailed UE behaviour in 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 meaning that the bearer is ready for use from AS point of view.

Note: In case of Non-GBR bearers it might not be required for the MME to wait for the S1 / RRC layer to complete 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 in the UE and MME 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 (i.e. activate UL TFTs) 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 and testing point of view 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. 
2.3 Dedicated Bearer Activation Signalling Flow (example)
The signaling flow below illustrates how the dedicated bearer activation would look like when supporting parallel and independent procedures.
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3 Bearer modification
Using the same rules as for bearer activation it should also 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 modifying 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 flow, before reducing the GBR.
Proposal 3: The NAS and AS (S1-AP / RRC) should have independent bearer modification procedures.  This means that the UE should be able to receive and process the NAS and RRC messages in any order.

Additional SA2 Proposal 4: Add Separate AS and NAS bearer modify procedures in 23.401.
4 Bearer release
Using similar principles as for bearer activation it would also be possible to handle bearer release using parallel procedures. When the UE receives information on RRC level that a AS bearer is released it will report this to higher layer. The NAS layer in the UE will then stop (or deactivate) the UL TFTs associated with this bearer. Similarly it is assumed that the MME will stop the DL filters in the S-GW / P-GW as well as releasing the NAS bearer towards the UE. From the UE point of view it does not matter in which order the NAS / AS bearers are released (the filter will always be stopped when the first message is received).
In case the AS bearer release was due to intra-LTE handover when not all AS bearers could be supported in the target cell, it is assumed that the target eNB will inform the UE (in the RRC handover command) that it has released some AS at the handover. The NAS layer in the UE will then stop (or deactivate) the UL TFTs associated with this bearer. Similarly the MME will from the target eNB (via S1 signalling) be informed about the AS bearer release making it possible for the MME to stop the DL filters in the S-GW / P-GW as well as releasing the NAS bearer towards the UE or alternatively retry to set up the AS bearer.
Note: The exact behaviour in the NAS layer when the AS layer reports that an AS bearer has been released is FFS and can discussed further in SA2/CT1. E.g. an alternative solution to deactive the filter is to trigger an implicit relase of the EPS bearer.
Additional SA2 Proposal 5: Discuss in SA2 what should happen with the NAS bearer when the corresponding AS bearer is released. Should the NAS bearer be implicitly releases? Or should the UL filter be deactivated? Or should the UL filter keep running but any traffic will be stopped or deleted in the UE?
Proposal 4: The NAS and AS (S1-AP / RRC) should have independent bearer release procedures.  This means that the UE should be able to receive and process the NAS and RRC messages in any order. Independent release procedure can also be used when releasing the bearer at one layer in case the MME failed to setup the bearer in the other layer.
5 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 [see 23.401 ch 5.3.2.1] 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 bearers) 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
3 Or some of the AS bearers fail to be setup

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). 
In case (3) it is assumed that the MME would either release the corresponding EPS bearer or re-attempt to setup the AS bearers. The UE will not be able to use the EPS bearers until the corresponding AS bearers are up.
Given that 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 and any other EPS bearer ids are 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 5: 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 5a: Same rule regarding usage of bearers as in proposal 1a-c applies. 

Proposal 6: The NAS Attach Accept and Complete message should be delivered using direct transfer messages no piggyback should be used. 

Additional SA2 Proposal 6: Update 23.401 to show that it is not mandated from the UE or eNB point of view that the initial S1 UE context is setup as a result of the NAS Attach procedure, meaning that the NAS Attach procedure can succeed even if the S1 context is not setup. 
6 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. This can be done without impacting the performance of the transition to active state as illustrated in the figure below. If S1 context setup failed but the UE succeeded with the TAU, it is assumed that UE will perform a Service Request procedure on a new RRC / S1 connection. This will also handle the case when the core network has not reacted on the active flag (detailes to be defined by CT1). 
Proposal 7: 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 8: The NAS TAU Accept and Complete message should be delivered using direct transfer messages no piggyback should be used. 

The signaling flow below illustrates how the end of the TAU procedure with “active” flag would look like when supporting parallel and independent procedures.
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Note: Currently in 23.401 in the Service Request procedure it is stated that the UE should implicitly release bearers that are not setup after an Idle->Active state transition such as above.  It is possible if desired to continue with this assumption also when a separate NAS release procedure is avalible. The criteria for doing this implicit release should then be linked to the first RRC CONNECTION RECONFIGURATION received after the RRC CONNECTION was setup.
7 Conclusion
It is proposed to adopt all the proposals 1-8 in this contribution. When the proposals are agreed, a CR to 23.401 will be provided. 
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The NAS and AS procedures can be executed in parallel. Any order NAS and AS messages are supported.
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5b. RRC SECURITY MODE COMMAND







 







 







 







6b. RRC SECURITY MODE COMPLETE







 







 







 












