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1 Introduction

This document discusses LTE handover procedures, attempting to summarise the current agreements and working assumptions as well as the main open issues. Some of the open issues are discussed further, resulting in a number of additional proposals.
The document also includes a draft text proposal for 25.813, which primarily intends to capture the current status.
2 Discussion
2.1 Introduction

It is recognised that RAN3 may have discussed handover procedures more extensively than RAN2. On the other hand, it is felt that mobility procedures are to some extend a joint responsibility i.e. RAN2 should at least review the outcome of the RAN3 discussions. Therefore, we have tried to also reflect the status of the discussions in RAN3.
2.2 Intra LTE mobility
Mobility control

RAN2 has agreed that in LTE_ACTIVE, the mobility is UE assisted, network controlled. The RAN2 working assumption is that this applies even for low DRX cycles.

The handover may be triggered based on a UE measurement, or for E-UTRA specific reasons e.g. load distribution/ control, service deployment reasons (directed retry)

NOTE 1
The RAN2 working assumption is that the range of DRX/ DTX period is similar to what is used in LTE_IDLE

Measurement periods

RAN2 has agreed that the network arranges the idle periods that the UE needs to support the configured measurements. Furthermore, RAN2 has agreed that compressed mode will not be used.
Re- configuration or re-establishment of the AS- configuration
When it comes to UE- assisted network controlled mobility procedures, there are two possibile types of procedures that can be used:

· Handover i.e. a procedure in which the AS- configuration using in the source cell is continued unless changes are signalled i.e. the handover is a reconfiguration in which a delta is signalled. This approach implies that the details of the AS- configuration are transferred from source to target ENB i.e. the control plane context has to be transferred

· Cell change order i.e. in the new cell the AS- configuration is established from scratch, meaning that the the entire new configuration is signalled..

Our asssumption is that the LTE mobility procedures need to support the transferr of outstanding user plane data from source to target ENB and that the transfer of control plane context information does not add significant complexity

P.1
In case of UE mobility in LTE_ACTIVE, a handover procedure is used i.e. the the AS- configuration is transferred from source to target ENB and the handover command to the UE includes the changes to the AS-configuration (the delta).
Backward and forward handover

RAN3 has agreed that the normal handover will be a backward handover with a preparation phase i.e. a handover that is initiated by the source ENB, which also contacts the target ENB prior to the actual handover. Our understanding is that:

· The source ENB should be able to initiate handover e.g. to offload excessive traffic, to accomodate directed retry, when the uplink quality is low
· The UE should be able to initiate handover to a target cell directly e.g. when it suddenly lost the connection to the source ENB (unless we agree that in such error cases there is no need to provide lossless handover, in which case it would be sufficient to re-establish the radio configuration)
In our understanding this means that, irrespective of which handover procedure is typically used, the standard needs to accomodate both the backward and the forward handover procedures.

P.2
The standard should support both the backward and forward handover procedures

The backward handover procedure includes a preparation phase during which the source ENB contacts the target ENB before the actual handover is performed. The preparation phase may serve a number of different purposes e.g. to transfer AS- configuration context information, to perform admission, to assign the new AS- configuration e.g. an initial UE identity, to configure ENB-specific security keys, to exchange broadcast information.

Similarly, during the forward handover procedure the target ENB initiates the retrieval of user plane data and AS- configuration context information.

Normal handover: backward or forward

As mentioned before, RAN3 has agreed that the normal handover will be a backward handover including a preparation phase in which the source ENB contacts the target ENB prior to the actual handover. In the following a number of reasons for such a handover are discussed.

· A preparation phase may be needed to reduce the user plane interruption

· In case of a backward handover with preparation, the initiation of the data forwarding and the context transfer is performed while the user plane is still operational. Hence, the network delays associated this preparation do not extend the user plane interruption as is the case for the forward handover

· Our understanding is that during preparation phase no radio resources will be allocated, but at most an initial UE identity. Consequently, the UE starts on the target cell’s RACH. It may be possible to reduce the initial access delay by achieving uplink synchronisation prior to the actual handover i.e. by using a pre-ranging procedure

· Although the user plane interruption will be smaller in case of a backward handover with preparation, the relative gain of the use of a preparation phase is not entirely clear
· A preparation phase may be needed to configure ENB specific security keys.

· Our understanding from the joint session with SA3 is that there does not seem to be a strong need dor ENB specific keys. Moreover, a forward handover procedure can also include retrieval of the corresponding information
· A preparation phase may be needed to guarantee a certain QoS

· GBR services are assumed consume a small portion of the total radio resources. This means that upon handover it should always be possible to allocate resouces reducing resources allocated to non-GBR traffic. A slow background load distribution mechanism may facilitate this further.

· A preparation phase may be needed to provide system information for the target cell

· It is presently not clear if the UE will need some broadcast information before being able to access the target cell e.g. the RACH configuration, the information controlling RACH access. It may not be possible for a UE to acquire the needed system information prior to handover, which may depend on handover scenario and UE bandwith capability. It is presently unclear which delays may be involved with the acquisition of the possibly required broadcast information.

· Finally, it should be noted that the distribution of system information may not require a preparation phase i.e. it could be done otherwise e.g. alike the RAN information management (RIM) procedures.  Whether such a solution is appropriate also depends on how dynamic the concerned system information is

· A preparation phase may be needed to the reduce handover delay

· The use of a preparation phase does not reduce the handover delay, i.e. delay between handover trigger and handover completion. A backward handover procedure involves the same numer of information flows and hence the delay is similar

· It may not be possible to have a preparation phase

· The radio quality may degrade quickly, as a result of which communication with the source ENB becomes impossible. It is assumed that in normal cases communication through the source ENB should remain possible

Considering the above, it seems difficult to conclude the need for a preparation phase prior to handover. On the other hand it is not clear either if we can do without a preparation phase.  Hence, our proposal is to adopt the use of a preparation hase as a working assumption.

P.3
The working assumption is that a preparation phase will be used prior to the actual handover execution. If the required service interruption time can be achieve without preparation phase, the working assumption may be reversed.

The backward handover procedure is considered to offer more network control i.e. when deciding whether or not to initiate handover the network may consider information further than the measurement report initiated by the UE.

User plane data forwarding
RAN3 has agreed that during handover preparation, a tunnel is established between the source and the target eNodeB to accommodate forwarding of user data. RAN3 also agreed that some aspects are up to implementation e.g. for which services the forwarding of user data is applied, as well as when exactly the forwarding starts. However, RAN plenary did not agree the corresponding text proposal but instead an LS was sent to SA1/ SA4 to request further information about in the tolerable data loss upon UE mobility (in RP-060208).
User plane bi-casting

RAN3 did not concluded on the need for bi-casting during handover execution. It should be noted that the LS sent by the RAN plenary meeting addresses the tolerable data loss e.g. for packet video and gaming applications
User plane switching

RAN3 has agreed that the switching of the user plane is initiated by the target ENB upon completion of the handover. RAN 3 felt that earlier user plane switching has drawbacks in case of handover failure while the benefits for the succesful case may be limited.
Assuming the source ENB does not keep a copy of the forwarded data, the start of data forwarding can be regarded as the point of no return for the handover. It does not make sense to continue routing downlink packets via the source ENB after this moment. On the other hand, delaying the path switch until the handover completion may increase the service interruption. Moreover, we consider it most important to optimise the successful case even if there is a cost for the failure case (which should be much less common).

P.4
The switching of the user plane is initiated by the source ENB. The exact moment when the path switch is initiated may be left to implementation (similar to the moment of initiating data forwarding).

Miscellaneous

· RAN2 has agreed that the UE should not be required to support a dual transceiver

· It is FFS whether the UE maintains uplink synchronisation in LTE_ACTIVE e.g. using an periodic ranging procedure

NOTE 2
Considering that the LTE_ACTIVE should should support the same range of DRX/ DTX periods as used in LTE_IDLE, both states should have similar UE power efficiency. From this perspective, the use of a periodic ranging procedure to maintain synchronisation seem inappropriate

· The use of inter ENB fast cell selection is FFS. Our proposal is that this should not be considered unless RAN1 concludes that there is a significant performance gain

2.3 Inter RAT mobility
Based on [3], RAN2 discussed which scenario’s for the mobility between LTE and UMTS need to be supported. Although Samsung provided a summary of the outcome of this discussion, the result has so far not been captured in 25.813. The attached text proposal includes a revision of the original summary. The main change is that the information is stuctured differently.
3 Conclusion and recommendation

In this document we have attempted to summarise the current agreements regarding LTE mobility, which we propose to capture in the LTE TR:

Furthermore, this contribution includes the following additional proposals:

P.1
In case of UE mobility in LTE_ACTIVE, a handover procedure is used i.e. the the AS- configuration is transferred from source to target ENB and the handover command to the UE includes the changes to the AS-configuration (the delta).

P.2
The standard should support both the backward and forward handover procedures

P.3
The working assumption is that a preparation phase will be used prior to the actual handover execution. If the required service interruption time can be achieve without preparation phase, the working assumption may be reversed.

P.4
The switching of the user plane is initiated by the source ENB. The exact moment when the path switch is initiated may be left to implementation (similar to the moment of initiating data forwarding).
We would like to request RAN2 to consider the above proposals, and if agreeable, to reflect them into the LTE technical report.
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9
Mobility

9.1
Introduction

9.1.1 Intra LTE mobility
In LTE_ACTIVE state, mobility is network controlled and UE assisted i.e. using a handover procedure:

-
UE performs neighbour cell measurements based on measurement control and neighbour cell information from the network;

-
Network signals reporting criteria for event-triggered and possibly periodical (FFS) reporting.

The working assumption is that network controlled mobility applies irrespective of the DRX cycle that is used.
In LTE_IDLE state, mobility is network configured and UE controlled i.e using a cell reselection procedure.
In LTE_ACTIVE and LTE_IDLE states a similar range of DRX/DTX cycles are supported

9.1.2 Inter RAT mobility
Simultaneous operation in two RATs is not be considered e.g. because of RF issues.

The inter RAT mobility procedures need not cover transition between all possible EUTRAN and UTRAN states. Table 1 & table 2 indicate which transitions should be specified. Note that support of some inter-RAT state transitions could be dependant on UE capabilities.
Table 1.  EUTRAN to UTRAN downward transitions to support.

	Source state
	Target state
	To be specified in 3GPP ?
	Considerations

	LTE_ ACTIVE
	CELL_DCH
	Required
	· Using the handover procedure i.e. a procedure including a preparation phase

	
	CELL_FACH
	FFS
	· Using either the handover procedure or the Cell Change Order (CCO) procedure i.e. a procedure not including a preparation phase. Which procedure is used may depend on RAB attributes

	LTE_ IDLE
	IDLE
	Required
	· Might also exist as a parallel state

	
	CELL/ URA_PCH
	FFS
	· Might also exist as a parallel state


Table 2.  UTRAN to EUTRAN upward transitions to support.

	Source state
	Target state
	To be specified in 3GPP ?
	Considerations

	CELL_DCH
	LTE_ ACTIVE
	FFS
	· Using either the handover procedure or the Cell Change Order (CCO) procedure e.g. based on RAB attributes (NOTE)

	CELL_FACH
	
	FFS
	· The Cell Change Order (CCO) procedure

	IDLE
	LTE_ IDLE
	Required
	· Might also exist as a parallel state

	CELL/ URA_PCH
	
	Required
	· Might also exist as a parallel state


NOTE
For the handover to E-UTRAN, further study is required to determine if the CCO procedure is sufficiently fast to meet the inter-RAT service interruption requirements. If that is the case, a direct transition to from CELL_DCH to LTE_ACTIVE may not be needed

<Cut until the next relevant section>
9.5
Handover

9.5.1 Intra LTE handover

In case of intra LTE handover, (part of) the AS- configuration is transferred from source to target ENB. Correspondingly, the handover command to the UE includes the changes compared to the AS-configuration that was transferred.

LTE includes a backward and a forward handover procedures. The backward handover may be used e.g. when the source ENB wishes to offload excessive traffic, while the forward handover procedure may be used e.g. when the UE loses the connection to the source ENB.

NOTE 1
The term forward handover is used for the case the UE exchanges signalling messages directly with the candidate ENB, while in a backward handover the UE exchanges signalling messages with the current ENB.
In case of a backward handover, the source ENB contacts the target ENB before the actual handover is performed. This preparation phase may serve a number of different purposes e.g. to transfer AS- configuration context information, to perform admission, to assign the new AS- configuration e.g. an initial UE identity, to exchange broadcast information.

Figure N shows the message sequence for the backward handover procedure. During handover execution, the source ENB may initiate the forwarding of user plane data. Although a single flow is shown, the data forwarding may start from the moment the source ENB sends the handover command and last even until after the old configuration is released.

[image: image1.emf] 

3: Measurement report  

10: Release of old configuration  

9: Handover complete  

8: Handover complete  

7: Handover command   <New AS -  configuration>  

6: Handover response   <New AS -  configuration>  

4: Handover request   <UE capabilities, current AS -   configuration>  

2: Measurement configuration  

1: UE capability transfer  

UE   Source ENB   aGW   Target ENB  

5: Integrity key ret rieval  (FFS)  

Handover  preparation  

Handover  execution  

User data forwarding  


Figure N: Backward handover
Even though a preparation phase is used, the UE will start on the target cell’s RACH. The use of a pre-ranging procedure, to reduce the initial access delay by achieving uplink synchronisation prior to the actual handover, is FFS
NOTE 2
The assumption is that during preparation phase no actual radio resources allocation will be provided
It is FFS if ENB-specific security keys are required. If ENB-specific security keys are used, the target ENB may retrieve this information from the aGW rather than from the source ENB. The target ENB requires this information prior to sending the handover response message, which it needs to integrity protect.
NOTE 3
In case of a backward handover, the source ENB performs the integrity check for the measurement report. The handover request applies the security relation between source and target ENB.

Figure M shows the message sequence for the forward handover. In this case it is the target ENB that initiates the retrieval of user plane data and AS- configuration context information. In case the forward handover procedure is used only in exceptional (error) cases, the procedure may not need to include retrieval of user plane data and AS- configuration context information (FFS).
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Figure M: Forward handover
Upon receiving the handover suggest, the target ENB retrieves the security key information e.g. to perform the integrity check on this message. It is FFS if ENB-specific security keys are required. If ENB-specific security keys are used, the target ENB may retrieve this information from the aGW rather than from the source ENB.

The backward handover procedure is considered to offer more network control i.e. when deciding whether or not to initiate handover the network may consider information further than the measurement report initiated by the UE. It is assumed that the target ENB will not retrieve similarly detailed information when deciding the handover.

9.5.2 Inter RAT handover, from LTE
The inter RAT handover procedure is used to support the transition from LTE_ACTIVE to CELL_DCH and possibly to CELL_FACH, FFS. The use of the Cell Change Order procedure to support the transition from LTE_ACTIVE to CELL_FACH is FFS.

NOTE 1
For the handover from E-UTRAN, the CCO procedure is not assumed to be sufficiently fast to meet the inter-RAT service interruption requirements

NOTE 2
The current handover to UTRAN procedure only supports transition to CELL_DCH. In case the service interruption is less critical for this scenario, the CCO procedure may be considered
9.5.3 Inter RAT handover, to LTE
If required, either the inter RAT handover procedure or the Cell Change Order procedure is used to support the transition from CELL_DCH to LTE_ACTIVE. If required, the Cell Change Order procedure is used to support the transition from CELL_FACH to LTE_ACTIVE.

NOTE 3
For the handover to E-UTRAN, further study is required to determine if the CCO procedure is sufficiently fast to meet the inter-RAT service interruption requirements. Note that NAS delays also need to be considered in the assessment

NOTE 4
The current specification does not support inter RAT measurement reporting for a UE in CELL_FACH
NOTE 5
The current PS handover from UTRAN procedure only supports transition from CELL_DCH
9.6
Measurements

The measurements a UE performs for mobility are controlled by E-UTRAN using parameters that are either broadcast or signalled via dedicated control.
NOTE:
From the perspective of UE power consumption it is desirable to avoid UE measurement activity during DRX/ DTX periods.

9.6.1 LTE_IDLE, cell re-selection

A UE in LTE_IDLE state shall apply the measurement parameters (e.g for cell reselection) that are broadcast by the E-UTRAN (as in UTRAN SIB). The use of dedicated measurement control for a UE in LTE_IDLE state is FFS.
9.6.2 LTE_ACTIVE, handover

A UE in LTE_ACTIVE state shall apply the measurement parameters that are signalled via dedicated control i.e. by RRC or MAC commands (FFS) (as in UTRAN MEASUREMENT CONTROL).

Intra-frequency

In a system with frequency reuse = 1, intra-frequency handovers are the most important and common handovers. Good intra-frequency measurements are needed in order to ensure good mobility support and easy network deployment. The UE shall search for intra-frequency neighbour cells from the neighbour list, and measure the relevant quantities for the identified cells.
Inter-frequency

Regarding inter-frequency handovers, UE performs neighbour cell measurements during DL/UL idle periods that are provided by DRX/DTX or packet scheduling, if necessary.
NOTE:
How the gaps are controlled, as well as how the scheduler knows the gaps required by the UE, is FFS.
Inter-RAT

UE performs inter-RAT neighbour cell measurements during DL/UL idle periods that are provided by the network through suitable DRX/DTX period or packet scheduling if necessary.

NOTE:
How the gaps are controlled, as well as how the scheduler knows the gaps required by the UE, is FFS.

9.6.3 Mobility to E-UTRAN

From UTRAN, UE performs E-UTRAN measurements by using idle periods that are created by compressed mode (CELL_DCH), FACH measurement occasions (CELL_FACH - FFS), or DRX (other states).
From GERAN, E-UTRAN measurements are performed in the same way as WCDMA measurements for handover to UTRAN: E-UTRAN measurements are performed in GSM idle frames in a time multiplexed manner. However, it should be discussed with GERAN how to ensure that inter-RAT measurements do not take too much measurement time, while the requested 3GPP inter-RAT measurements can be performed well enough.

Design constraints of 3GPP inter-RAT measurements should be considered when L1 details of E-UTRAN concept are defined.

9.6.4
Limiting measurement load at UE

Introduction of E-UTRA implies co-existence of various UE capabilities. Each UE may support different combinations of RATs, e.g., E-UTRA, UTRA, GSM, and non-3GPP RATs, and different combinations of frequency bands, e.g., 800 MHz, 1.7 GHz, 2 GHZ, etc. Moreover, some UEs may support the full E-UTRA spectrum bandwidth of 20 MHz, whereas some UEs may support only a part of 20 MHz. Despite such heterogeneous environment, the measurement load at UE should be minimised. To limit the measurement load and the associated control load:

-
E-UTRAN can configure the RATs to be measured by UE;

-
The number of measurement criteria (event and periodic reporting criteria) should be limited (as in TS 25.133 section 8.3.2);

-
E-UTRAN should be aware of the UE capabilities for efficient measurement control, to prevent unnecessary waking up of the measurement entity;

-
The UE capabilities should be categorised to prevent diversion of capabilities and conformance test scenarios, FFS;

-
Support for blind HO (i.e., HO without measurement reports from UE) is FFS.

Note:
From R2-051759: which Inter System measurements should be made mandatory (GERAN, UTRAN)? Measurement of other technologies – e.g. WLAN, will depend on architectural integration. SYSINFO or dedicated list of info for measurement purpose.

9.7
Network aspects

Note:
eNBs interconnection for call context transfer (security, header compression, data forwarding). Bi-casting? The use of fast cell selection should be evaluated: what are the gains versus the increase in complexity, can we limit the complexity? Do we need handover preparation including admission and 
resource reservation to guarantee a level of QoS (alternative is to maintain some resources for mobility and to apply load control)?
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