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1
Introduction

At the last CT1 meeting, CT1 agreed to study the piggybacked transport of NAS signalling messages in the AS messages. Especially the attach procedure and the dedicated EPS bearer establishment procedure were mentioned as candidates. The present contribution tries to study the signalling transport in a systematic way, although it has to be noted that some of the message flows in the stage 2 used for this analysis are still partially unstable, and the details of the NAS protocol, e.g. the existence of certain NAS procedures, are still for further study.

(Note: In the following we will use the abbreviation EMM for "EPS mobility management" and E-TMSI instead of S-TMSI.)
2
NAS EMM Procedures

2.1 Overview

In spite of the instabilities mentioned in the introduction, judging from the experience with TS 24.008 and the latest versions of TS 23.401, we expect that the NAS mobility management protocol will contain the following procedures:
a) EMM Specific procedures:

At any time only one EMM specific procedure can be running. The procedures belonging to this type are:

-
attach procedure
-
detach procedure
-
tracking area updating procedure (normal and periodic tracking area updating procedure)
b) EMM Connection management procedures:
The Service Request procedure can only be initiated if no MS initiated EMM specific procedure is ongoing.

-
service request procedure
c) EMM Common procedures:
An EMM common procedure can always be initiated whilst a NAS signalling connection exists. The procedures belonging to this type are:
-
E-TMSI reallocation procedure (stand-alone E-TMSI reallocation)
-
authentication and security mode procedure
Editor's Note:
The inclusion of the NAS security mode procedure in the authentication procedure is FFS.
-
identification procedure
-
EMM information procedure
-
EMM status procedure

Note: 
The term NAS signalling connection is used here in analogy to the PS signalling connection in UTRAN Iu mode.
In the following we will consider each of the procedures in more detail.

2.2 Attach Procedure

For the attach procedure the messages Attach request, Attach accept, Attach complete and Attach reject need to be considered.

In the following table, the lines with white background indicated the "normal" case whereas the lines with grey background indicate deviations from this normal case or unsuccessful cases. 

	NAS message
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Attach request   [APN]
	→
	Initial UE Message
	Initial UE Message
	For initial attach; 
also for re-attach after network initiated detach

	Attach request
	→
	UL NAS Transport
	UL NAS Transport
	Repetition after timer expiry (timer for Attach accept) 

	Attach accept  [PDN addr]
	←
	Radio Bearer Establishment Request
	Initial Context Setup Request
	Normal case and also for repetition after timer expiry (timer for Initial Context Setup Complete)

	Attach accept
	←
	DL NAS Transport
	DL NAS Transport
	Repetition after timer expiry (timer for Attach accept), e.g. if Initial Context Setup Complete contained EMM status message or empty NAS container 

	Attach reject
	←
	DL NAS Transport
	DL NAS Transport
	

	Attach complete
	→
	Radio Bearer Establishment Response
	Initial Context Setup Complete
	

	Attach complete
	→
	UL NAS Transport
	UL NAS Transport
	If Attach accept was received with DL NAS Transport


→: UE to MME direction

←: MME to UE direction
Note 1: According to TS 23.401, v 1.1.0, it is FFS whether the Attach request will also contain the SM-related parameter APN. (See editor's note in subclause 4.7.3.1: "It is FFS whether the UE can provide additional input information (e.g. the desired APN) for the PDN GW selection function.")The Attach accept contains the PDN address of the UE ( = IP address allocated to the UE by the PDN GW), if it is available at that point in time. 
Note 2: For the default bearer establishment see section 3.2.

2.3 Detach procedures

UE initiated:

	NAS message 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Detach request
	→
	Initial UE Message

or 

UL NAS Transport
	Initial UE Message

or 

UL NAS Transport
	Dependent on whether PS signalling connection already exists 

	Detach accept
	←
	DL NAS Transport
	DL NAS Transport
	If detach is not due to "switch off"


Note: Any existing EPS bearers and the related TFTs are released locally by the UE and the network, i.e. without explicit signalling via the S1 and LTE-Uu interface.
Network initiated:

	NAS message 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Detach request
	← 
	DL NAS Transport
	DL NAS Transport
	

	Detach accept
	→
	UL NAS Transport
	UL NAS Transport
	


Note: Any existing EPS bearers and the related TFTs are released locally by the UE and the network, i.e. without explicit signalling via the S1 and LTE-Uu interface.
2.4 Tracking Area Update

For the tracking area updating procedure the messages Tracking area update request, Tracking area update accept, Tracking area update complete and Tracking area update reject need to be considered.

	NAS message 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Tracking area update request
	→
	Initial UE Message
	Initial UE Message
	normal case 

or 

periodic tracking area update 

	Tracking area update request
	→
	UL NAS Transport
	UL NAS Transport
	Subsequent TAU 

after inter eNodeB handover with TA change

or 

repetition after timer expiry (timer for Tracking area update accept)

	Tracking area update accept
	←
	DL NAS Transport
	DL NAS Transport
	normal case or periodic tracking area update, if EPS bearers at the S1 interface and radio interface are not re-established

or 

Tracking area update request was received in UL NAS Transport

	Tracking area update accept
	←
	Radio Bearer Establishment Request
	Initial Context Setup Request
	'normal' case, if EPS bearers at the S1 interface and radio interface are re-established

(Note 1)

	Tracking area update reject
	←
	DL NAS Transport
	DL NAS Transport
	

	Tracking area update complete
	→
	UL NAS Transport
	UL NAS Transport
	If Tracking area update accept was received with DL NAS Transport

	Tracking area update complete
	→
	Radio Bearer Establishment Response
	Initial Context Setup Complete
	If Tracking area update accept was received with Radio Bearer Establishment Request (Note 1)


Note 1: According to TS 23.401, v 1.1.0, subclause 5.3.3.1, "If the 'active flag' is set in the TAU Request message the user plane setup procedure can be activated in conjunction with the TAU Accept message." – It is unclear whether "in conjunction with" refers to a piggybacked transport (like in the attach procedure) or it means that the NAS signalling and the radio bearer establishment are performed in sequence.

2.5 Dedicated Bearer Establishment

No EMM signalling involved, see section 3.

2.6 Service Request

	NAS message 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Service Request
	→
	RRC Connection Request
	Initial UE Message 
	It is FFS whether the RRC Connection Request together with the necessary NAS parameters fit into one radio frame. If not, then the Service Request will be transferred in an RRC Initial UE Message.

	Service Request
	→
	Initial UE Message
	Initial UE Message
	

	Service Request
	→
	UL NAS Transport
	UL NAS Transport
	The need for such a procedure is FFS. In 3G the use case was a subsequent service request when the PS signalling connection was already established, e.g. due to a RAU (with "follow-on request").

(Note: this is currently not included in stage 2; possible use case: data packet for uplink becomes available while TAU is ongoing)

	implicit accept
	←
	Radio Bearer Establishment Request 

with 

user plane security mode command
	Initial Context Setup Complete

with 

security context
	

	Service Reject
	←
	DL NAS Transport
	DL NAS Transport
	

	Service Accept
	←
	DL NAS Transport
	DL NAS Transport
	The need for such a procedure is FFS. In 3G the use case was a subsequent service request when the PS signalling connection was already established, e.g. due to a RAU (with "follow-on request").

(Note: currently not included in stage 2; possible use case: data packet for uplink becomes available while TAU is ongoing)


Note: Whether the implicit accept (Radio Bearer Establishment Request message) will transfer also any NAS-related parameters (e.g. NAS security related information) is FFS.
2.7 Other procedures

	NAS message 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	E-TMSI reallocation command 
	← 
	DL NAS Transport
	DL NAS Transport
	stand-alone E-TMSI reallocation

	E-TMSI reallocation complete
	→
	UL NAS Transport
	UL NAS Transport
	


Note: E-TMSI (re-)allocation can also be performed as part of the attach and tracking area updating procedures.

	NAS message 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Authentication and security mode request 
	← 
	DL NAS Transport
	DL NAS Transport
	

	Authentication and security mode response
	→
	UL NAS Transport
	UL NAS Transport
	

	Authentication and security mode failure
	→
	UL NAS Transport
	UL NAS Transport
	

	Authentication and security mode reject
	←
	DL NAS Transport
	DL NAS Transport
	


Note: The inclusion of the NAS security mode procedure in the authentication procedure is FFS. The NAS security mode procedure would only apply to NAS signalling security. AS signalling security and user plane security are controlled by a separate S1AP procedure.

	NAS message 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Identity request
	← 
	DL NAS Transport
	DL NAS Transport
	

	Identity response
	→
	UL NAS Transport
	UL NAS Transport
	


	NAS message 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	EMM Information
	← 
	DL NAS Transport
	DL NAS Transport
	


	NAS message 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	EMM status 
	← 
	DL NAS Transport
	DL NAS Transport
	

	EMM status 
	→
	UL NAS Transport
	UL NAS Transport
	

	EMM status 
(UL/DL for piggybacked NAS signalling transport) 
	←

→
	any RRC message including a NAS container
	any S1AP message including a NAS container
	


Note: EMM status is a generic error message. This message can be used in response to most EMM messages if an error was detected during processing the received message, unless a specific reject message is specified by the standard, (as e.g. for the attach procedure: Attach reject).

3
NAS SM Procedures

3.1
Overview

Currently, TS 23.401, v 1.1.0, does not refer to session management 'procedures' or 'messages', but only refers to a Session Management Configuration IE and a Session Management Response IE that can be transferred in certain AS messages, e.g. during dedicated bearer establishment and dedicated bearer modification.

According to TS 23.401, subclause 5.4.1, the Session Management Configuration IE will include the UL TFT. In certain cases also other parameters, e.g. the EPS bearer identity need to be provided to the NAS in the UE. 
The Session Management Response IE will include e.g. a confirmation parameter. (Probably also a reject cause will be needed, but this is FFS.)  
3.2
Dedicated Bearer Setup
	NAS IE 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Session Management Configuration
	←
	Radio Bearer Setup Request
	Bearer Setup Request
	

	Session Management Response
	→ 
	Radio Bearer Setup Response
	Bearer Setup Response
	


Note: For the establishment of the default bearer, TS 23.401 currently does not show any requirement to transmit session management related information, but according to subclause 4.6.1.1 also a default bearer should have an UL TFT. Furthermore it is assumed that at least the EPS bearer identity for the default bearer needs to be provided to the session management layer in the UE. Whether this identity is transferred inside or outside the Session Management Configuration IE is FFS. 
Editor's Note:
If the UE does not confirm the UL TFT in the Session Management Response IE, e.g. because of a syntactical error, but the bearer setup on RRC level was successful, what should be the further reaction of the MME? Does it repeat the transmission of the UL TFT? Is the retransmission a use case for the non-piggybacked transport of Session Management IEs? (Non-piggybacked transport is already required for Dedicated Bearer Modification without Bearer QoS Update, see 3.4.) 
3.3
Dedicated Bearer Modification with Bearer QoS Update

	NAS IE 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Session Management Configuration
	←
	Radio Bearer Modify Request
	Bearer Modify Request
	

	Session Management Response
	→ 
	Radio Bearer Modify Response
	Bearer Modify Response
	


Editor's Note:
Is there a possible use case for the non-piggybacked transport of Session Management IEs (see editor's note in 3.2, Dedicated Bearer Setup)? 
3.4
Dedicated Bearer Modification without Bearer QoS Update

	NAS IE 
	
	RRC message transporting the NAS message
("LTE-Uu" i/f)
	S1AP message transporting the NAS message
(S1-MME i/f)
	Comment

	Session Management Configuration
	←
	DL NAS Transport
	DL NAS Transport
	

	Session Management Response
	→ 
	UL NAS Transport
	UL NAS Transport
	


In this case the MME needs to provide also the identity of the EPS bearer to which the UL TFT applies. Whether this identity is transferred inside or outside the Session Management Configuration IE is FFS. 
3.5
Dedicated Bearer Deactivation

According to the current TS 23.401, subclause 5.4.4, the UL TFT in the UE will be released implicitly, i.e. it will be removed when the corresponding EPS bearer is released via RRC signalling (Radio Bearer Release Request message). 

3.6
S1 Release procedure
The network may release the S1 user plane connection and the PS signalling connection, e.g. due to user inactivity, by sending a Release RRC Connection message. No transport of NAS signalling information is involved. In this case the UE will keep any existing UL TFTs preserved. 

4
Discussion
4.1
Different ways of piggybacking
The piggybacked transport of NAS information can be accomplished in different ways: the conservative way would be to transmit a complete NAS message within a NAS container information element that is included in an RRC message or S1AP message different from an UL/DL NAS Transport message. A more radical one would be to transfer the NAS information in a highly compressed mode, not following the octet aligned encoding rules used today in TS 24.008 and including information only once in the message, if it is needed both by AS and by NAS. The latter approach is currently being studied by RAN2 for the Service Request message, with the goal to fit the Service Request information together with the necessary RRC parameters in an RRC Connection Request which could be transferred in a single radio frame.
As the time for the re-establishment of the radio bearers triggered by the Service Request procedure is crucial for the user experience of an "always on" connectivity, the violation of the protocol layering principle may be acceptable in this specific case. But generally, we would recommend following the more conservative approach. Experience with the evolution of the NAS protocol in TS 24.008 has shown that the message length tends to increase from release to release, in some cases by several tens of octets. Therefore, for most NAS messages the attempt to compress them together with their RRC transport message into a single radio frame would sooner or later collide with the further evolution of the protocol.
The time savings that can be achieved with the conservative approach are expected to be less than with the radical one. Nevertheless, if neither the NAS message nor the RRC message has a length that is an exact multiple of the length of a radio frame, it may be possible to save one radio frame when both messages are combined into one. Furthermore, without piggybacking it may be necessary to perform the RRC procedure and the NAS procedure sequentially, one after the other (e.g. when the RRC procedure affects the signalling bearer, so that a NAS message could get lost, if it is transmitted during the signalling bearer modification). This would mean an additional UE – eNodeB round-trip time compared to the piggybacked transfer alternative.
On the other hand any variant of piggybacked transport of NAS messages causes some additional dependencies between the protocol layers in the sender and the receiver, especially if the piggybacking shall also apply to the transport of the acknowledgement messages. 

In order to decide for which procedures piggybacking should actually be used, CT1 may need to get more information e.g. about the typical UE – eNodeB round-trip time compared to the overall time for an attach or tracking area update procedure.
4.2
Summary of the results of section 2 and 3
The detailed analysis in section 2 shows that for the mobility management protocol the attach, tracking area update and service request procedures are possible candidates for a piggybacked NAS message transport. (Whether the implicit service accept actually is a case of piggybacked NAS transport, i.e. whether the Radio Bearer Establishment Request message includes any NAS-related information is FFS.)
For the attach and tracking area update procedures, however, the UE and the network will need to support also the stand-alone transport of all the relevant NAS messages in DL/UL NAS Transport messages, due to the need to support special use-cases (like tracking area update after inter eNodeB handover with tracking area change) or specific error cases. Whether an explicit Service Accept in a DL NAS Transport messages is needed is currently FFS.
The other EMM procedures (common EMM procedures) which can be initiated "at any time" whilst a PS signalling connection exists are less suited for piggybacked transport. If they are actually used in this "asynchronous" way, it is obvious that in most cases a piggybacked transfer is not possible, because no suitable AS procedure is ongoing. Typically, however, these procedures are initiated during an attach, tracking area update or service request procedure after the network received the request from the UE, but before the network has decided to accept the subscriber; therefore, again the NAS messages cannot be included in any bearer-related AS messages. 
The analysis in section 3 shows that the Session Management Configuration IE and a Session Management Response IE can occur both piggybacked (e.g. in the procedures for dedicated bearer establishment and dedicated bearer modification with bearer QoS update) and stand-alone in DL/UL NAS Transport messages (e.g. in the dedicated bearer modification without bearer QoS update procedure). Whether the stand-alone transport can occur also in the other scenarios, e.g. in certain failure cases, is FFS.

For the establishment of the default bearer, TS 23.401 currently does not show any requirement to transmit session management related information, although also a default bearer should have an UL TFT and an EPS bearer identity. Note, however, that the relevant AS messages for the radio bearer establishment already include the piggybacked Attach accept and Attach complete message.
4.3
Possible inconsistency in TS 23.401
The current version 1.1.1 of TS 23.401 is possibly inconsistent with regard to the attach procedure and the tracking area update procedure. 

Whereas the message flow for the attach procedure clearly shows a piggybacked transport of the Attach Accept and Attach Complete message, the description of the tracking area update procedure only mentions that the user plane setup procedure can be activated "in conjunction with" the TAU Accept message – although for the default bearer exactly the same signalling transport messages could be used as for the attach procedure. 
CT1 should ask SA2 to clarify the requirements for the tracking area update procedure. 
5
Conclusion
1) It is proposed that CT1 informs SA2 via an LS that CT1 has studied the piggybacked transport of NAS messages. To that purpose CT1 has also considered the respective requirements given in TS 23.401, v1.1.1.

CT1 has identified the attach, tracking area update and service request procedures in TS 23.401 as possible candidates for a piggybacked NAS message transport, but would like to ask SA2 to confirm for each of these procedures whether piggybacked transport is actually a requirement from stage 2. 
2) It is proposed to send this LS also to RAN2, cc: RAN3, and ask for an estimation for the typical UE – eNodeB round-trip time and the time it takes to transfer a radio frame.

3) It is furthermore proposed to add the following text to TR 24.801, subclause 7.10, NAS signalling transport:

        ************************************************************************************
For the piggybacked transport of NAS mobility management messages, the preferred method is to use NAS containers in the respective RRC and S1AP messages. The encoding of the NAS mobility management messages shall not depend on the method of signalling transport (via NAS Transport messages or piggybacked in other RRC and S1AP messages). The only possible exception from this rule is the Service Request procedure for which CT1 intends to study also more optimized ways of encoding.
Editor's Note:
The mechanism used for the piggybacked transport of NAS session management information is FFS.

