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1
Introduction

This document discusses handling of NAS messages on S1 and related impacts on S1 signalling connections.

2
Discussion

2.1
General on S1 signalling connection in case of “separated” EPC architecture.

Basically, it should be aimed at minimising signalling and processing effort on S1 caused by UE mobility. S1 signalling and processing effort has to be spent in case of inter-eNodeB mobility anyhow. If one regards inter-MME/UPE handovers as atypical cases, then it can be stated that the typical inter-eNodeB HO scenario already achieved a minimum signalling effort on S1 by reducing the signalling impact to one single procedure on S1, i.e. the path switch.

S1 interface mobility control is mainly the control of SAE Access Bearer mobility, which should be controlled by the entities that keeps the SAE Bearer control as well, i.e. the eNodeB and the UPE. [R3-061816] already shows related details w.r.t. signalling and addressing.

The LTE mobility state (LTE_ACTIVE or LTE_IDLE) is mainly determined by the existence of an S1/RRC signalling connection. The entity that supervises this connection should be the entity that is mainly involved in SAE bearer control and SAE bearer mobility.

Hence the nature of the signalling connection on the S1UPE interface is determined to be a connection oriented one in the sense, that in case the UE is in LTE_ACTIVE, both, the UPE and the eNodeB need to keep signalling references always mutually updated.

The nature of the signalling connection on S1MME needs to be further investigated.

2.2
Handling of NAS messages for UEs in LTE_IDLE

2.2.1
General

There are two possibilities to treat NAS procedures for UEs that are kept in LTE_IDLE:

variant  a) no UE context in eNodeB:
Mobility control related NAS procedures like Attach / TA Update, Identity Request, TMSI Reallocation etc, are performed without keeping any context in the eNodeB (which would mean that UEs which are in LTE_IDLE can be kept in LTE_IDLE state during these procedures)

variant b) utilising a UE context in eNodeB:
UE contexts are temporarily established in eNB during the execution of those NAS actions (which would mean that UEs which are in LTE_IDLE have to change to LTE_ACTIVE)

Both variants are elaborated in more details in the following.

2.2.2
NAS procedure handling in LTE_IDLE - variant a

2.2.2.1
NAS Procedures initiated in UL direction - Attach:

A possible message flow is provided in Figure 3 for UE initiated procedures.
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 Figure 2.2-1. Attach for variant a – UE initiated.

1.
UE contacts the eNodeB and receive resource grants.

2.
UE provides the Initial UE Id which is used by the eNodeB for MME selection (step 3).

Note:
Currently, RAN1 stated that there is a limit of ~75bits that can be transported in an RRC message sent on a contentious channel. This doesn’t seem to be a lot.

4.
The eNodeB provides the MME with eNodeB and cell information in order to allow the MME to answer in a connection-less manner. 

5./6. Authentication and dialog between MME and HSS.

7.
default connectivity is established, i.e. the MME selects a UPE for that purpose.

8.
UE is granted network access and receives basic IP configuration data for default connectivity.

Note:
Possible retransmissions of NAS messages due to UE mobility during the NAS procedure should be handled on NAS level (timers, state machine), the probability of NAS failures can be easily calculated having in mind cell size, corresponding maximum UE speed and the intended system performance for NAS activities. This doesn’t seem to be critical.

Note:
NAS messages are assumed to be protected by MME, so no (RRC) key handling in eNodeB is necessary.

2.2.2.2
NAS Procedures initiated in DL direction:

MME has to page the UE first (not surprising, UE is in IDLE), further handling as for procedures initiated in UL.

2.2.3
NAS procedure handling in LTE_IDLE - variant b


As a variant, a UE context could be established in the eNodeB for NAS procedures which do not require user data bearer establishment (in order to distinguish this appropriate cause values or other indications could be provided via RRC).

Variant b would require to signal the eNodeB node and eNB-UE-context reference to the MME.

An explicit setup and release of the S1MME signalling connection should be avoided. The release of the UE context in the eNodeB can be performed implicitly if the eNodeB is informed to be allowed to release the UE context (either via RRC from the UE or via S1 signalling from the MME) without an explicit S1 signalling message (some kind of a “end of transaction” flag).

This variant has obviously the advantage that there are no restrictions to the RRC message payload as given in variant a).

Inter-eNodeB mobility support can be further discussed for the S1MME signalling connection. Given the short lifetime for NAS procedures, it is possible to support RRC mobility, i.e. UE context forwarding via X2 by forwarding NAS messages via X2 as well. The release of the X2 connection could be indicated by the above mentioned “end of transaction” indication. In case of pure NAS signalling, path switching can be omitted as not bearer contexts are established.

Another possibility of supporting UE mobility for NAS message handling is to leave the procedure control (i.e. timers, message repetition etc.) completely up to the NAS layer.

2.3
Handling of NAS messages for UEs in LTE_ACTIVE

Consideration of NAS procedure handling for UEs in LTE_ACTIVE reveals yet another aspect for MME initiated NAS procedures:

Specifying different behaviour for the MME for handling of UEs in LTE_ACTIVE and LTE_IDLE should be avoided. The MME should be – in general – not informed about the current S1/RRC connection state and therefore doesn’t need to be informed of every S1 path switch, which should be a pure UPE task.

Having in mind the infrequent nature of NAS messages (especially for mobility related NAS procedures) it is proposed to task the MME to poll on the existence of an S1UPE signalling connection and hence the eNodeB node & eNB-UE-context reference whenever an MME initiated NAS action is started. (In case of UE initiated NAS actions, the addressing info comes “for free” from the eNodeB.)

3
Conclusion

This paper has shown some impacts of EPC structure on EUTRAN whereas a central role was given to the handling of NAS messages.

It is proposed to discuss the issues raised in this paper and to

-
communicate with RAN2 on the current status of NAS message handling and its limitations and on the possibility to handle NAS messages for IDLE UEs without UE context establishment in eNodeB.

-
capture section 2 in R3-018
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