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1
Introduction

This document discusses impacts of the EPC structure on E-UTRAN along issues like node addressing, NAS message handling and SAE bearer control.

2
Discussion

2.1
Addressing E-UTRAN and EPC entities

For the initial signalling connection establishment, it is assumed that the eNodeB contains routing tables that allows addressing of the respective EPC node equivalent to the NNSF for Iu-flex. Further it is assumed that there is only one UE specific (temporary) NAS identifier necessary for mobility and bearer control.

At initial attach, if there is no useful routing information available from UEs side to select the proper EPC node, the eNodeB selects any of the EPC nodes within a EPC node pool in an implementation specific way. 

At subsequent establishment, when the UE is already registered, it has to provide routing information in order to address the EPC entity that keeps it’s mobility contexts.

Having in mind the agreed MME-UPE split, it should be sufficient, that the routing provided by the UE at connection establishment points to the MME (only), hence only one temporary UE NAS identifier is needed.

Following the noble target to reduce signalling activities at signalling connection / bearer establishment as far as possible (as pointed out in a CR to 25.912 endorsed last meeting in R3-061395), the relevant signalling flows may look as follows:
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Figure 1. Paging and SAE Bearer / S1/RRC Signalling Connection Setup.

0.
Existing SAE Bearer contexts in the UPE and MM context in the MME are assumed to exist for registered UEs.

1.
The UPE is able to address the MM context in case of incoming data packets for paging reasons (step 2.)

3.
The MME distributes the Paging to all eNodeBs serving cells of the TA(s) the UE is registered.

4.
Paging Response contains the UE’s CN identifier to address the MME. Authentication may take place if necessary (step 5). Further, the eNodeB network address and the address of the UE context is provided in order to provide necessary addressing information to the UPE (step 6).

7.
The UPE contacts the eNodeB directly for SAE Bearer Setup, based on info received in steps 4&6. Further it contains key material for RRC signalling, QoS information, S1 C-plane signalling address information for the S1 signalling context in UPE and TNL related binding information.

8.
Setup of SAE Radio Access Bearers is performed.

9.
SAE Bearer Setup Ack provides TNL related binding information for the UPE.

So, several types of address information has been identified which needs to be exchanged during RRC/S1 Connection establishment and SAE Bearer establishment:

a)
NAS related information

-
temporary UE NAS identifier (~TMSI)

b)
S1 signalling between MME and eNodeB (“S1a”):

-
eNodeB address for C-plane signalling

-
address information fitting to the selected signalling transport stack

-
MME address for C-plane signalling

-
derived from the (old) TAI + routing information provided by the UE
mapped to an address information fitting to the selected signalling transport stack

-
UE context address in eNodeB (listed for the sake of completeness, if S1a foresees connection oriented communication)

-
provided by the eNodeB either as S1-AP specific reference or as an additional identifier from the signalling transport protocol

-
UE context address in MME

-
derived from the (old) TAI + TMSI

c)
S1 signalling between UPE and eNodeB (“S1b”)

-
eNodeB address for C-plane signalling

-
address information fitting to the selected signalling transport stack

-
UPE signalling address for C-plane signalling

-
address information fitting to the selected signalling transport stack

-
UE context address in eNodeB and corresponding UE context address in UPE

-
provided by the eNodeB/UPE either as S1-AP specific reference or as an additional identifier from the signalling transport protocol

-
SAE Access (i.e. S1) bearer binding addresses (“Tunnel Endpoint Id’s” in case of GTP-U)

-
provided by the allocating entity, specific for the selecting tunnel/framing  protocol

2.2
Allocation of Bearer Control Handling and MM State supervision in EPC

As depicted in Figure 2, UPE can be seen as a mere routing entity (similar to the MGW in the CS CN architecture) with all the bearer control in the MME, or, as the alternative option, the UPE may contain bearer control, which would result in a clean functional split between MME and UPE in a sense, that only “pure” mobility control is kept in MME; even MM State Supervision, which is only derived from the existence of a S1/RRC connection, and hence bearer control, is located in UPE only.

If bearer control and state supervision is located at the MME, all bearer control functionality on S1 needs to be relayed via (or processed in) the MME.

This paper opts for a reasonable functional split, and hence Option 1 in Figure 1.
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Figure 2. Logical Architecture with options for function allocation.

2.3
NAS procedure handling in E-UTRAN

2.3.1
General

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

variant  a) either Mobility control related NAS procedures like Attach / TA Update, 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) or 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)

Variant a) would not provide any difference between LTE_IDLE and LTE_ACTIVE handling, as MM procedures can be performed directly between MME and UE via eNodeB, the only difference would be that the MME is able to address UE contexts in the serving eNodeB if the UE is in LTE_ACTIVE, whereas in LTE_IDLE, the MME would have to page the UE for DL initiated procedures and for UL initiated procedures, the eNodeB would have to select the MME entity based on routing info provided by the UE.

As RAN3 was tasked to consider MME-UPE split for the S1 interface definition both variants are elaborated in more details in the following.

2.3.2
NAS procedure handling in LTE_IDLE (variant a)

As described above, the UEs are kept in LTE_IDLE for Mobility control related NAS procedures. 

NAS Procedures initiated in UL direction:

A possible message flow is provided in Figure 3 for UE initiated procedures.

Feasibility w.r.t. addressing between UE and the network and within the network was discussed in section 2.1 and is given for the cases discussed in 2.3.2 as well.
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 Figure 3. Attach for variant a.

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).

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 and is not seen critical.

Note:
NAS messages are assumed to be protected by MME, 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), further handling as for procedures initiated in UL.

2.3.3
NAS procedure handling in LTE_ACTIVE (variant a and b)

NAS procedure handling for UEs in LTE_ACTIVE can be performed without any connection oriented service of the S1a interface signalling transport. It is not necessary to relay them via UPE (which is however always possible as an implementation option).

MME should have received sufficient address information from S1(b) signalling interface establishment as described in section 2.1.

2.3.4
NAS procedure handling in LTE_IDLE (variant b)

As described in section 2.3.1, handling of NAS procedures for UEs in LTE_IDLE would require S1 signalling connection establishment and hence allocation of UE contexts in eNodeB for the duration of the NAS procedure (e.g. periodic TAU).

2.4
resulting logical model for eNodeB (complemented by assumed X2 and Uu ports)
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Figure 4. Logical eNodeB model for Architecture Option 1.

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

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 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).

-
capture section 2 in R3-018
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