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1
Introduction

Considering the single question “how to treat NAS messages in IDLE and ACTIVE state” leads to several interesting additional aspects of and interesting connections between a number of issues currently discussed in the context of LTE/SAE.

2
Discussion

To explain the issue: there are two possibilities to treat NAS procedures for UEs that are kept in IDLE:

a)
either NAS procedures like Attach / TA Update, TMSI Reallocation, Identity Request etc. are performed without keeping any context in the eNodeB (following one of the possible definitions of IDLE)

b)
or UE contexts are temporarily established in eNB during the execution of those NAS actions.

variant a) would yield two kinds of NAS procedure handling, one “connection-less” handling for IDLE and one “connection-oriented”.

both variants have to be considered in relation to the current investigations in SA2 wrt MME/UPE separation. If one considers an architecture where the MME is contacted by / contacting eNB for NAS signalling directly and only in ACTIVE NAS is relayed via UPE, it can be seen that MME and UPE are able to be deployed / scale independently, which is of great importance.

Note,
that MME will have to scale with TAs anyhow, i.e. there needs to be a “geographical” relation between eNBs and MMEs, whereas UPE might scale independently, “only” restricted by deployment policies (S1 connectivity).

3
Architectural options

There are several architectural options currently under discussion where the addressed handling of NAS messages can be regarded as one of the key points.

3.1
Option 1: NAS handling in IDLE mode via MME only – in ACTIVE relaying via UPE

The functional distribution in a logical architecture might look as follows:
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Figure 1. Logical Architecture.

The multiplicity relation on the S1 interface is as follows:

-
S1 is deployed “flexible”, i.e. an eNB can be connected to several MMEs and UPEs.


-
MME is “area dependent”, i.e. eNBs which belong to a TA have to connect to a certain (pool of) MME(s).

-
MME and UPE can scale independently.

Further, it has to be noted, that MME doesn’t have to deal with MM states, IDLE and ACTIVE is mainly characterised by the presence/absence of RRC/S1 connections.

IDLE mode NAS procedures:

Procedures initiated in UL direction:

Attach: eNB selects MME which in turn has to select a UPE to establish default connectivity. MME addresses the UE (DL) with routing information (cell/eNB) which needs to be attached to the UL message. S1 and RRC connections not necessarily to be established, can be delayed until data has to be delivered.

Note:
Mobility of UEs during NAS procedures 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.

A message flow on system level might look like this
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 Figure 2. Attach with Architecture 1.

Whereas a detailled message flow on EUTRAN level might look as follows:


[image: image3.wmf] 

S10

 

Uu

e

 

eNB

 

UPE

 

UE

 

2. Connection less RRC [NAS Message](initial UE Id)

 

1. RACH & Scheduling Grant

 

S1a

 

MME

 

S1b

 

5. 

...

 (NAS procedure)

 

3. Routing / Arbitration acc. to 

initial UE Id

 

4. NAS Container [eNB 

address /cell id]

 

6. NAS Container (initial UE Id)

 

7. CL RRC [NAS Message]

 

 

Figure 3. Detailed Attach Flow.

 (e.g.) (periodic) TAU is performed between UE and MME directly, w/o holding contexts in eNB. MME would have to supervise the procedure and has to gain information how to address eNB in case of signalling in DL direction.

Note, that in general the eNB derives MME address from temp UE id (TMSI, as today in Iu flex).

Further note, that NAS messages are assumed to be protected, so no key handling in eNB necessary.

Procedures initiated in DL direction:

MME has to page the UE first (which is not surprising, as UE is in IDLE anyhow):
in case of incoming DL data packet arrives at UPE, MME is informed and pages UE, i.e. sends paging request to all eNBs of the TA.

Paging response is delivered back to MME, relayed to UPE which in turn contacts eNB for establishing S1 connection.

further handling as for procedures initiated in UL.

ACTIVE mode NAS procedures

Bearer Control

Bearer Control, i.e. Access Bearer setup/modification, intra/inter-RAT HO is handled by UPE only. No need of interaction with MME, apart from TA Update in consequence of a HO.

Resulting logical model of eNodeB for Option 1 (complemented by assumed X2, Uu and O&M ports)
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Figure 4. Logical eNodeB model for Architecture Option 1.

Note, that the plural of “port” is due to S1 flex and X2 connectivity to several eNBs.

3.2
Option 2: All Control Plane signalling is always relayed via UPE

Same logical architecture as in section 3.1.

The multiplicity relation on the S1 interface is as follows:

-
S1 is deployed “flexible”, i.e. an eNB can be connected to several MMEs and UPEs.


-
MME and UPE are “area dependent”, i.e. eNBs which belong to a TA have to connect to a certain (pool of) MME(s)/UPE(s).

No MM state handling in MME as well.

IDLE mode NAS procedures:

Procedures initiated in UL direction:

Attach: eNB selects MME via UPE (“equivalent” addressing of UPE and MME or 2 routing Id’s necessary from UE).
No advantage seen to handle IDLE mode NAS procedures without RRC/S1 connectivity.
UPE establishes default connectivity.
S1/RRC might be torn down if no activity shows up after a while (or immediately after NAS activity).

A message flow on system level might look like this
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 Figure 5. Attach Flow for Option 2.

other NAS procedures like (periodic) TAU are performed similar to the Attach procedure.

Procedures initiated in DL direction:

MME has to page the UE first:
in case of incoming UL data packet arrives at UPE, MME is informed and pages UE, i.e. sends paging request to all eNBs of the TA.

Paging response is delivered back to UPE directly, UPE needs to inform MME.

(not surprisingly), further handling as for procedures initiated in UL.

ACTIVE mode NAS procedures

no difference to procedures initiated for UEs in IDLE.

Bearer Control

Big question whether bearer control messages should be always handled in a central way in the MME (which then will become the node that handles all C-plane activities of the Access Gateway).

There is a clear preference from Siemens side to keep bearer control message handling within the UPE, i.e. this holds also for HO messages (path update, inter-RAT and inter-MME/UPE (to be discussed separately) messages).

Resulting logical model of eNodeB for Option 2 (complemented by assumed X2, Uu and O&M ports)
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Figure 6. Logical eNodeB model for Architecture Option 2.

4
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

-
base further RAN3 discussions on the eNodeB logical model

-
communicate with RAN2 on the possibilities of handling NAS messages for IDLE UEs

-
communicate with SA2 on RAN3 preferred functional division between MME and UPE (if there is a split foreseen at all).
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