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1. Introduction

Continued discussion of the impact of HRPD -> E-UTRAN optimized handover on NAS procedures and state machine based on contribution C4-081019 from the April meeting.

Note: For reference, please refer to 3GPP2 X.P0057, currently a work in progress. This document can be found at ftp://ftp.3gpp2.org/TSGX/Projects/X.P0057%20E-UTRAN-HRPD%20Interworking%20-%20Core%20Network%20Aspects/X.P0057-0%20v1.0/. 

We propose to address the following questions:

a. Are new states really needed

b. How should changes to the NAS document be captured

c. Should we change the definition of NAS Signalling Connection to accommodate S101, or should we create a new term

d. Given the model provided in 24.007, what would these models look like if HRPD were added to them (arguably, the HRPD model is not in the scope of any 3GPP working group; however, this is for discussion purposes, not to be included in the document)

Note: Implications of CS Fallback are not considered in this paper.

2. Background

The following subsections provide a view of the EPC architecture that is impacted by optimized handover. 

2.1. Architecture for Optimized Handover

The following figures illustrate the overall architecture for UE/EPC signalling related to optimized handover as derived from TS 23.402. (Aspects that would be covered by CT4 for connectivity to the PDN-GW are not covered here). The first figure shows a view of the nodes impacted by optimized handover from E-UTRAN to HRPD. The second shows a view for optimized handover from HRPD to E-UTRAN. Only the handover preparation signalling paths are shown at this time.
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Figure 1: UE/EPC Signalling Architecture for E-UTRAN to HRPD Optimized Handover
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Figure 2: UE/EPC Signalling Architecture for HRPD to E-UTRAN Optimized Handover
2.2. UE-side Protocol Architecture Model

The following figures illustrate the UE-side protocol architecture model for a dual-mode device. The purpose of including this is simply to show the interactions between the E-UTRAN and HRPD modes of operation in the UE.
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Figure 3 UE-side Protocol Architecture Model for a Dual-Mode Device (LTE mode)

Figure 3 shows a device that is currently operating in E-UTRAN mode. You can see from this figure that the HRPD lower layers are not used, but the upper layers of HRPD are sent through the AS and E-UTRAN lower layers to be tunnelled to the RNC.
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Figure 4 UE-side Protocol Architecture Model for a Dual-Mode Device (HRPD mode)

Figure 4 shows a device that is currently operating in HRPD mode.  In HRPD mode, there is no communication from the UE to the E-UTRAN eNB. In this mode, the handoff preparation to the E-UTRAN is done by tunnelling NAS messages over the HRPD air interface.
3. Analysis of Stage-2 Call Flows

The following table provides a procedural analysis of the HRPD->E-UTRAN optimized handover call flows from 23.402, and also suggests what stage-3 work (CT1 and otherwise) is required to effect these call flows. This is not intended to provide a basis for discussion, and is not intended to suggest specific textual changes to stage-3 documents.

Note that the description of the procedures is for illustrative purposes only. Internal MME procedures are, of course, implementation dependent. Procedures that are shown in blue are specific to optimized handover.

	Event
	MME Procedures
	Stage-3 Work Required

	MME Receipt of S101-Direct-Transfer message containing NAS Attach Request signalling from the UE
	MME 
1. Determine if there is an existing S101 Session corresponding to the S101-Session-ID in the message header.

2. If no session exists, create one. The S101-Session-ID received from the RNC identifies the tunnel in both directions.

a. At this point, the UE is not necessarily identified. Mapping of the UE to the S101-Session-ID won’t happen until a NAS Attach-Request message is received on the tunnel

3. The S101 processing engine forwards the NAS message to the L3 Message processing engine

a. The encapsulated NAS PDU should have entire message header intact as specified in 24.007.

b. An S101 indicator and the S101-Session-ID is sent along with the NAS-PDU so that the L3 processing engine can forward replies back to the correct S101 tunnel (this can of course be abstracted in implementation)
4. The L3 message processing engine evaluates the PD to determine that the message is EMM related and forwards the message to EMM. The S101 indicator and the S101-Session-ID are also sent to EMM so that the response can be directed appropriately. 

a. Handover Attach Type and S101-indicator are arguably redundant here, but for error processing, it probably makes sense to include it so that any response can be appropriately directed

5. EMM examines the GUTI. If the GUTI indicates that the UE already has a session on the MME.

a. If there are already active bearer contexts for the UE, the MME initiates bearer deactivation procedures by sending a Delete Bearer Request to the SGW for each active bearer. (Note: This is not stated in the handover call flows in 23.402, but is stated in the attach call flows in 23.401.

b. If there is no record of the UE in the EPC, the MME initiates authentication

MME/SGW/PGW/PCRF

6. Complete Bearer Deactivation procedures

7. Initiate location updating procedures by sending an Update Location Request to the HSS. Completion of this procedure includes an ISD and Update Location Ack from the HSS.

a. ISD will yield the address of the PDN-GW for the default APN (mechanism for obtaining info for additional PDN contexts is still FFS in SA2).

8. Select an SGW and initiate Default Bearer Activation procedures. If the Handover Indication was included in the NAS Attach Message (at this point, the HI is equivalent to the Handover Attach Type), the MME includes a Handover Indication in the Create Bearer Request to the SGW

SGW

9. The SGW creates a new entry in its EPS bearer table and sends the Create Default Bearer Request to the PDN-GW. 
a. For GTP based S5/S8, the Handoff Indicator is included in the Create Default Bearer Request. 
b. For PMIP based S5/S8, if the Handoff Indicator is set in the received Create Bearer Request, the PBU is not sent to the PDN-GW at this point.
PDN-GW (For GTP based S5/S8)

10. Upon receipt of the Create Bearer Request, perform bearer creation procedures. If the Handoff Indication is set, DO NOT switch the forwarding path from non-3GPP to E-UTRAN.

MME

11. After completion of the default bearer activation, send an Attach Accept to the UE
	1. Encoding of S101 message (CT4)

2. Tunnel switching between S1 and S101 (assume that normative text in 23.402 is sufficient; otherwise, perhaps CT4 may have to specify something)

3. Encoding of NAS Attach-Request (CT1)

a. Only change identified at this point is Handover Indicator, which is used ONLY for idle mode handover

4. Update Model in 24.007? (CT1)
a. HRPD is out of scope of 3GPP, so changes to 24.007 are FFS.
5. Definition of NAS Signalling connection in 24.301 – text needs to accommodate the fact that NAS signalling can be delivered over S101
a. The MME will have to know whether to deliver signalling via S1 or S101.

b. The question is whether we need to update the definition of NAS Signalling Connection, invent a new term, or just add some text somewhere.
6. Section 5.4.2.1.4.2 of 24.301 has some “S1 mode” behaviour. Applicability to “s101 mode” will have to be documented. 

7. Changes to handling bearer activation procedures (CT4): 

a. Inclusion of the HI in the Bearer Request at both the MME and the SGW

b. The SGW must maintain state here so that it will know to send an Update Bearer Request (or PBU) to the PDN-GW when it receives the subsequent Update Bearer Request

c. if HI is set, PDN-GW shall NOT switch the data path

8. Changes to 24.301 handling of Attach:

a. MME shall NOT reselect a PDN-GW if the HI is set. The current text says that the UE may set it, but doesn’t really discuss the MME behaviour.



	MME Receipt of NAS Service Request Message from UE

Note: This event should occur only for active handover from HRPD->E-UTRAN.
	MME

1. Perform normal service request procedures as described in TS 23.401.

a. Since in this case there will be a UE context on the MME, the authentication step is not performed.

b. The MME sends an Update Bearer Response to the SGW. This contains the eNodeB address, which allows the SGW to set up a downlink path for data forwarding to the UE.

SGW

c. The SGW now has a bearer toward the eNodeB, and so can now transmit data down to the UE. The SGW sends a Bearer Update Response to the MME. 

MME
2. Upon completion of the Update Bearer procedures, the MME sends a Handoff Complete message to the HRPD RNC over S101. [This will require state to be maintained on the MME to keep track of the fact that a handover is happening]
???

3. TS 23.402 states that after the HO Complete, HRPD resources are released. These procedures will ostensibly be specified in 3GPP2 X.P0057, and it is FFS at this time whether there is any impact to EPC nodes.

PDN-GW

4. The PDN-GW initiates a binding revocation


	1. The MME has to be aware that a handoff is happening, and upon receipt of the Update Bearer Response from the SGW, send a Handoff Complete message to the RNC via S101. It may be sufficient to rely on normative text in 23.402 for this.

2. CT4 may need to specify binding revocation procedures/parameters

	MME Receipt of TAU Request

Note: TAU should be sent by UE for idle-mode handover. It is sent after the UE tunes to LTE if the UE has already performed an Attach Request with Handover Indication via the HRPD access network.
	MME

1. The MME initiates the normal Tracking Area Update procedures and sends an Update Bearer Request to the SGW. In this case, there will be a context 

SGW

2. The SGW forwards the UBR to the PDN-GW

PDN-GW

3. The PDN-GW switches the bearer path from non-3GPP access and returns an Update Bearer Response

SGW

4. The SGW returns an Update Bearer Response to the MME

MME

5. The MME sends a Handoff Complete message to the HRPD RNC via S101 

???

6. TS 23.402 states that after the HO Complete, HRPD resources are released. These procedures will be specified in 3GPP2 X.P0057, and it is FFS at this time whether there is any impact to EPC nodes. 
	1. Updates to 24.301 TAU Procedures

a. The Attach Procedure should presumably send the TAI list to the UE regardless of whether the UE registered on HRPD or LTE. Hence, 24.301 may need to be to be updated to add movement of the UE from HRPD to E-UTRAN coverage as a trigger for a TAU.
2. Changes to handling of Update Bearer procedure (CT4)

a. On the PDN-GW, if the data path is facing non-3gpp, switch it to face the SGW.

b. If the HI had been set before, send the Update Bearer or PBU to the PDN-GW.

	
	
	


4. States

The following sections describe the relevant behaviour in EMM states that are affected by optimized handover. Depending on whether the UE is attached via the E-UTRAN or HRPD, the behaviour in the MME and UE is different. Hence, it is arguable that we do have separate states; however, whether we document the differences as states, as conditions within existing states, or by a separate section on optimized handover is a secondary issue. The purpose of this section is simply to identify the impacts. 

Note: In the case of active HRPD->E-UTRAN handover, the UE issues a service request; no TAU is required. Therefore an assumption that we make here is that, when a UE attaches via S101, the MME sends a TAI list to the UE just as it does when the UE is attached via S1. Additionally, the TAI list that is sent corresponds geographically to the area serving the UE; hence, when the UE transitions to E-UTRAN, the TAI list should be valid. 

4.1. EMM States on the UE

	State (or sub-state)
	Trigger
	UE Behaviour

	EMM-REGISTERED-INITIATED
	Attach Reject
	UE behaviour is dependent on the reject code. 



	
	Timer Expiry
	Retry

	EMM-REGISTERED.NORMAL-SERVICE
	Data to send and need resources
	Perform Service Request procedure

	EMM-REGISTERED-INITIATED-NON-3GPP
	Attach Reject


	In the case of attach via S101, which will occur only if a handoff is imminent, we believe that the most reasonable course of action may be to abort the handoff and return to EMM-DEREGISTERED state. This behaviour may not necessarily need to be captured explicitly. The handoff may, of course be retried

	
	Timer Expiry
	Same as Reject. [In implementation, the timer value may be different from that for attach via E-UTRAN]

	EMM-REGISTERED.NO-CELL-AVAILABLE
	HRPD -> E-UTRAN inter-system change. 
	If cell selection results in the UE ending up in a TA that is in the TAI list, no NAS signalling is required [Is this correct?]. If the UE has data, a service request may be sent.

	EMM-REGISTERED.NON-3GPP
	HRPD -> E-UTRAN inter-system change
	If the UE has no data to send, it will send a TA update to trigger the EPC to switch the data path toward the E-UTRAN.

	
	Uplink data to send and need resources
	Uplink data will be sent toward the HRPD network, so UE behaviour is out of scope of 3GPP. The UE should never send a Service Request over S101. [Whether we need normative text stating that the MME should do something if it receives a Service Request over S101 is FFS]


As shown in the above table, there is no state-specific behaviour that clearly requires a new state. The decision of whether to add a state or not boils down to whether we view the knowledge of the lower layers as a condition within a state or a state in itself.
4.2. EMM States in the MME

	State 
	Trigger
	MME Behaviour

	EMM-REGISTERED
	Service Request
	Establish radio bearers 

Send an Update Bearer Request to the SGW

	
	Downlink data to send
	If in idle mode, Page the UE

If not idle, send data

	
	
	

	EMM-REGISTERED-NON-3GPP
	Service Request
	Establish radio bearers

Send an Update Bearer Request to the SGW

Transition to EMM-REGISTERED

[Note: there is no difference for this trigger other than to perform the state transition]

	
	Downlink data to send

(should never happen)
	Paging should not be allowed to happen over S101

Since the data path is not established, downlink data should never be received for a UE connected via S101, but we should at least consider this case and not ignore it.

	
	
	


5. NAS Signalling Connection

There are many instances throughout 23.401 where the text says that certain behaviour depends on the existence of a NAS Signalling Connection. By definition, a NAS Signalling Connection includes an RRC connection. There of course is no RRC connection when a UE is communicating over S101; hence we need to do one of the following:

a. change the definition of a NAS Signalling Connection 

· Pro: Self contained; no need to update many places in the document

· Con: Some behaviour is different depending on whether the lower layer is S1 or S101, and so a simple definition change may not be adequate

b. create a new term to indicate a NAS Signalling Connection over S101 without an RRC connection

· Pro: Clear distinction between NAS via S1 and NAS via S101

· Con: Somewhat awkward; changes required in many places in the document.

c. add a section to the document with text describing behaviour when a UE is communicating over S101

· Pro: Self contained; all updates are in a single section.

· Con: Leaving existing text alone may in the end be confusing in that the current definition of a NAS Signalling Connection clearly requires connectivity through the E-UTRAN via S1.
6. Documentation Options

During the April meeting, we discussed whether we should add a section to 24.301 that is dedicated to optimized handover rather than to tweak the behaviour throughout the document. We concede that that approach does arguably have its advantages, some changes may still need to be made in other sections to at the least reference the optimized handover section to clarify that there may be more normative text that applies. 
7. Conclusion

We propose the following:

a. How should changes to TS 24.301 be documented: A new section on optimized handover could be added; however, we will have to be careful to be clear that the existing sections do not cover all normative behaviour. 
b. Need for new states: Considering the concession that a new section could be added to the document to describe normative behaviour for optimized handover, it follows that new states are not required, but instead, text can be added in the optimized handover section detailing specific behaviour in existing states.

c. Definition of NAS Signalling Connection: Create a new term for NAS Signalling Connection via S101. This term will be used in the optimized handover section that we propose to add to TS 24.301.
A skeleton for the proposed changes is included in this contribution for discussion. 
* * * First Change * * * *

3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
Aggregate Maximum Bit Rate: The maximum bit rate that limits the aggregate bit rate of a set of non-GBR bearers of a UE. Definition derived from 3GPP TS 23.401 [4].

The label (E-UTRAN only) indicates this subclause or paragraph applies only if E-UTRAN is used as current radio access network.

EMM context: An EMM context is established in the UE and the MME when an attach procedure is successfully completed.

EMM-CONNECTED mode: A UE is in EMM-CONNECTED mode when a NAS signalling connection between UE and network is established. The term EMM-CONNECTED mode used in the present document corresponds to the term ECM-CONNECTED state used in 3GPP TS 23.401 [4].

EMM-IDLE mode: A UE is in EMM-IDLE mode when no NAS signalling connection between UE and network exists. The term EMM-IDLE mode used in the present document corresponds to the term ECM-IDLE state used in 3GPP TS 23.401 [4].

Evolved packet core network: the successor to the 3GPP Release 7 packet-switched core network, developped by 3GPP within the framework of the 3GPP System Architecture Evolution (SAE).
Evolved packet system: The evolved packet system (EPS) or evolved 3GPP packet-switched domain consists of the evolved packet core network and the evolved universal terrestrial radio access network. Definition derived from 3GPP TS 23.401 [4].

Dedicated bearer: An EPS bearer that is associated with uplink packet filters in the UE and downlink packet filters in the PDN GW where the filters only match certain packets. Definition derived from 3GPP TS 23.401 [4].

Default bearer: An EPS bearer that is used associated with "match all" uplink and downlink packet filters in the UE and the PDN GW, respectively. Definition derived from 3GPP TS 23.401 [4].

GBR bearer: An EPS bearer that uses dedicated network resources related to a Guaranteed Bit Rate (GBR) value, which are permanently allocated at EPS bearer establishment/modification. Definition derived from 3GPP TS 23.401 [4].

Initial NAS message: A NAS message is considered as an initial NAS message, if this NAS message can trigger the establishment of a NAS signalling connection. For instance, the ATTACH REQUEST message is an initial NAS message.

Last Visited Registered TAI: A TAI which is contained in the TAI list that the UE registered to the network and which identifies the tracking area last visited by the UE.
Linked Bearer Identity: This identity indicates to which default bearer the additional bearer resource is linked.

MME area: An area containing tracking areas served by an MME.

NAS signalling connection: is a peer to peer S1 mode connection between UE and MME. A NAS signalling connection consists of the concatenation of an RRC connection via the "LTE-Uu" interface and an S1AP connection via the S1 interface. The UE considers the NAS signalling connection established when the RRC connection has been established successfully. The UE considers the NAS signalling connection released when the RRC connection has been released.

Non-access stratum protocols: The protocols between UE and MSC or SGSN that are not terminated in the UTRAN, and the protocols between UE and MME that are not terminated in the E-UTRAN. Definition derived from 3GPP TS 21.905 [1].

Non-GBR bearer: An EPS bearer that uses network resources that are not related to a Guaranteed Bit Rate (GBR) value. Definition derived from 3GPP TS 23.401 [4].

PDN address: an IP address assigned to the UE by the Packet Data Network Gateway (PDN GW).

Procedure Transaction Identity: An identity which is dynamically allocated by the UE for the UE requested ESM procedures. The procedure transaction identity is released when the procedure is completed.

The label (S1 mode only) indicates this subclause or paragraph applies only to a system which operates in S1 mode, i.e. with a functional division that is in accordance with the use of an S1 interface between the radio access network and the core network. In a multi-access system this case is determined by the current serving radio access network.

TAI list: A list of TAIs that identify the tracking areas that the UE can enter without performing a tracking area update procedure.
NAS Tunnelled Signalling Connection: is a peer to peer connection through which NAS messages can be exchanged between the UE and the MME via a concatenation of the S101 interface and a signalling tunnel over a trusted non-3GPP access network. 
For the purposes of the present document, the following terms and definitions given in 3GPP TS 23.401 [4] apply:

MME pool area
For the purposes of the present document, the following terms and definitions given in 3GPP TS 24.008 [6] apply:

A/Gb mode

Iu mode
* * * Second Change * * * *

5.8
EMM Procedures for Inter-Technology Optimized Handover
5.8.1
General
This subclause describes the detailed EMM procedures in the MME and UE for supporting inter-technology optimized handover. Procedures described elsewhere in this document apply unless specifically indicated otherwise in this subclause.
5.8.3
Optimized Handover from cdma2000 HRPD to E-UTRAN
5.8.3.1
General

For optimized handover from cdma2000 HRPD to E-UTRAN, the UE initiates a NAS Tunnelled Signalling Connection between itself and the MME. Through this tunnelled connection, the UE and the MME exchange NAS messages. 
Only a subset of the EMM procedures can be performed over NAS Tunnelled Signalling Connection; this subset includes EMM Common procedures and the Attach Procedure. EMM Connection management procedures cannot be performed over a NAS Tunnelled Signalling Connection.
5.8.3.2
Authentication and Security
Editor’s Note: This section should contain text that basically indicates that the text in section in section 5.4.2 also applies in the case of a NAS Tunnelled Signalling Connection.

5.8.3.3
Identification Procedure
Editor’s Note: The MME may initiate the identification procedure over a NAS Tunnelled Signalling Connection during the Attach procedure.
5.8.3.4
Attach Procedure
Editor’s Note: Text should indicate that the network cannot initiate dedicated bearer establishment over a NAS Tunnelled Signalling Connection.

Editor’s Note: Whether the MME should reject an Attach Request over S101 if the Attach Type is not Handover is FFS.
Editor’s Note: For receipt of an ATTACH REJECT message, whether the behaviour for specific cause values is different in the optimized handover case is FFS. 
5.8.3.5
Tracking area updating procedure
Editor’s Note: Whether we need this section is FFS. Since Attach via S101 is intended for an impending handover, it doesn’t make sense to perform a TAU over S101. The TAU that is associated with optimized handover occurs after the inter-system switchover to E-UTRAN, so it may make sense to just add a bullet in section 5.5.3.1 as proposed in C1-081019.
5.8.3.6
Paging Procedure
Editor’s Note: In the optimized handover case, the data path from the PDN-GW should not be set up; hence, no data should arrive to trigger paging. Whether we need to explicitly disallow paging over S101 is FFS
5.8.2
Optimized Handover from E-UTRAN to cdma2000 HRPD

Editor’s Note: Text for this section will likely be limited to the indication that the UE transitions to Deregistered when it moves to HRPD.
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