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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

For handover from E-UTRAN -> HRPD, the UE and HRPD system exchange HRPD signalling, which is tunnelled through the MME. There is also some signalling between the MME and the HRPD RNC. However, from the stage-2 text, it is clear that, other than the UE transitioning to EMM-DEREGISTERED, the impact to the MME is not at the NAS level; hence, the stage-2 call flows will not be discussed in detail in this paper.

On the other hand, optimized handover in the HRPD -> E-UTRAN direction does impact NAS procedures. 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 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.

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 when connected via S1; however, if connected via S101, the UE sends a TAU to trigger the EPC to switch the data path. 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.

Ultimately, this is the same as NO-CELL-AVAILABLE

	
	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

	ANY State
	E-UTRAN -> HRPD inter-system change
	The stage-2 spec shows that the UE initiates an optimized handover with an Attach. An Attach is performed from EMM-DEREGISTERED state, which implies that the UE must transition to EMM-DEREGISTERED after moving to HRPD. This state transition is implicit, with no signalling to the MME.


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)
	Should paging be allowed to happen over S101? If it is allowed, what should the UE behaviour be if it receives a page?
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: The same term can be used whether the connection is over S1 or S101
· 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. We will still need to modify text in various places in the document.
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 (unless a separate section for optimized handover is created)
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. Discussion and Conclusion

6.1 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. This approach does arguably have its advantages; however, 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. 

We propose that creating a separate section to describe optimized handover may be equally or more awkward as tweaking text throughout the document.
6.2 Technical Issues

It is clear that CT1’s original assumption that optimized handover has no impact to the NAS protocol itself. However, there are some impacts to the behaviour of the MME and UE that should be captured in the NAS specification. Some issues with respect to NAS impacts are discussed below.

Notes: 
a. The conclusions rendered below provide a hint for what will be contained in companion contributions, and is included here only as a basis for conceptual discussion.

b. Detailed analysis of abnormal condition and error scenarios has not been completed.

Issue #1: The terms NAS Signalling Connection and EMM-IDLE mode

Discussion:

· The general view is that there is no compelling reason to create a new term. 

· The SR and TAU are used by the UE in EMM-IDLE. For optimized handover, the MME arguably considers the UE to be in EMM-IDLE immediately after the Attach Complete. 

· The term EMM-IDLE by definition means that no NAS-Signalling Connection exists. If we modify the definition of NAS Signalling Connection to accommodate S101, and still assume that the MME considers the UE to be in EMM-IDLE after receiving the Attach Complete, our definitions will conflict in that the S101 connection will still exist unless it is explicitly torn down. 

· The current stage-2 document provides guidance only for the case where the UE immediately moves from HRPD to E-UTRAN after performing the Attach procedure. If this is always the case, then there is no case where the UE is in EMM-IDLE and still attached via HRPD. 

Conclusions:

· The term NAS Signalling Connection should be modified to accommodate signalling over S101.
· With this definition, we will also have to review the rest of the document to ensure that any text that uses the terms NAS Signalling Connection or S1 mode is still correct with no changes. 

· Regarding EMM-IDLE, at this time it seems that the appropriate action is to not make any changes until such time as stage-2 provides guidance to do so. 

Issue #2: Should all EMM signalling be allowed over S101 just as it is over S1?

Discussion

· At issue is that paging, Service Request, and TAU don’t necessarily make sense over S101. The stage-2 text specifies that the UE switches to E-UTRAN immediately after the Attach, which implies that Attach is the only NAS signalling that should occur over S101; however, it is not clear that we need to explicitly disallow other signalling from happening. 

· On the other hand, the Service Request and TAU are used to trigger the PDN gateway to change the data path toward the E-UTRAN, and if the UE is attached via S101, switching the data path is exactly what we don’t want. And of course, the MME could ostensibly simply not send the signalling to the S-GW if these are received over S101. 

· It might also be noted that, although the stage-2 provides guidance only for the case where the handover occurs immediately after the Attach, we should consider providing the flexibility to allow for changes in the future. 

· The current text in 24.301 states that the paging procedure is used by the network to request the establishment of a NAS signalling connection to the UE. If the NAS Signalling Connection is changed to accommodate S101, then paging is not applicable. Additionally, paging is defined on the S1 interface, and is not defined on the S101 interface. At the same time, if any data arrives at the SGW for some reason, there will be no way to deliver it. 

Conclusion:

· Service Request and paging – although the UE should never send a service request over S101, and the network should never have the need to page when the UE is attached via S101, we propose that a sentence should be added to section 5.1.2 explicitly stating that the EMM connection management procedures are applicable only in S1 mode. 

· TAU

· Clarify that a TAU can be used by a UE performing an HRPD->E-UTRAN intersystem change

· Clarify that a UE has to be in S1 mode for the active flag to make sense 
Issue #3: Should ESM signalling be allowed over S101?

Discussion:

· Session management signalling should be occurring directly to the HA/LMA via the access network. Allowing ESM over S101 could result in erroneous session states in the network and UE. 

Conclusion:

· All stage-2 use cases for performing ESM procedures specify signalling over the E-UTRAN; hence, it is unnecessary for the stage-3 document to provide detailed procedures for handling ESM signalling over S101. Sending ESM signalling over S101 would likely be incorrect; however, at worst, if a UE performs ESM over S101, with no changes to the document, the MME behaviour could ostensibly be implementation dependent and should be recoverable. 

Issue #4: Impacts to the EMM state machine

Discussion:

· The stage-2 text indicates that Optimized Handover is initiated with an Attach procedure, thereby implying that the UE is in DEREGISTERED state. However, there could be some potential bearer handling issues, for instance, if the UE performs some bearer setup/release actions while in HRPD and then moves to LTE with a Service Request or TAU without performing an Attach first. In this scenario, the NAS bearer context may potentially be obsolete. In order to avoid these complexities, the simplest, albeit perhaps not the most optimized, is for the UE to transition to EMM-DEREGISTERED. 

· If a handover from HRPD -> E-UTRAN is aborted or fails for any reason, the same reasoning applies. However, to remain consistent in the argument to allow the UE to remain attached without performing a handover, explicitly stating that the UE has to transition back to EMM-DEREGISTERED may not be appropriate. 

Conclusion:

· We propose to explicitly state that the UE transitions to EMM-DEREGISTERED upon intersystem change from E-UTRAN to HRPD: 

Discussion:

· On the UE, there may be some behaviour that is different depending on whether the UE is attached via S1 or S101; however, these differences will be implementation dependent and do not need to be explicitly noted; hence, existing states can be used. 

· Some differences of note may be for instance, a) the number of retries for the attach procedure may be different; b) the timers may be different; and c) the behaviour of the UE upon an Attach Reject or timer expiry may be different. 

Conclusion:

· No new states on the UE are required 

Discussion:

· On the MME, the only real differences in behaviour are dependent on our decision regarding whether to allow or disallow certain NAS signalling depending on whether we are connected to S1 or S101. In this case, the fact that we have to know whether the connection is S1 or S101 is by definition state information, whether describe the behaviour using new states or by simply stating that S1 or S101 is being used is our choice. 

Conclusion:

· Any differences in MME behaviour that depend on whether S1 or S101 are used can be described on the basis or whether S1 or S101 is being used; hence, no new states on the MME are required. 
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