3GPP TSG RAN WG2#58bis
R2-072823
Orlando, US, 25 – 29 June 2007
Source:
Vodafone Group

Title:
Mobility in LTE_ACTIVE state

Agenda Item:
4.5.1
Document for:
Discussion and Approval
1
Introduction

The discussions on the mobility of a UE in LTE_ACTIVE state were not finalised. When the last meeting time was spent on this topic more than 6 months ago, a working assumption was taken based on agreeing a the basic solution, while leaving room for further discussions when further analysis is available on the problems/issues with the solution. 

It is now time to readdress the abnormal cases around LTE_ACTIVE state mobility, before selecting the most suitable solution to address as much as possible these cases. The main cases are:

· Fast moving UE e.g. in an urban canyon

· Low Activity UE

· Cell Failure

2
Main Problem Areas

2.1
Fast moving UE 

As discussed previously there is likely to be handover problems in some scenarios where the radio quality changes may be to quick for the Handover mechanism, e.g. the corner effect for micro cells. This is most likely to mean the radio fails on the source cell prior to the UE receiving the Handover Command. 

2.2
Low Activity UE

One of the assumptions of LTE is that a UE should be able to be maintained in the LTE_ACTIVE state for long period in a power efficient manner.

When the UE is in the long DRX Idle state it is likely that the UE will be able to DRX for up to a second at a time. As the UE measurements will need to be averaged over approximately 10 measurement occasions, the delay before the UE accurately determines that the conditions have changed for the worse would be in the order of 10 seconds. (Note that the analysis of this problem in [1] does not assume any averaging of measurements).

The concern is that the UE could be well into the coverage of the neighbour cell before sending the measurement report to the source cell will cause unacceptable interference to the neighbour cells. To avoid this:

· The UE would either need a higher performance measurement – which causes a less power efficient terminal, or

· For the operator to set more conservative thresholds for the Measurement Event – which means the handover may be triggered unnecessarily.

Alternatively it could be assumed that the network would rely on the UE transiting via LTE_IDLE state, but this would add core network load, and also the RAN would lose useful RRM information from the source cell, e.g. history about the activity of the UE would be lost.

2.3
Cell Failure

One additional area of concern is when there is a cell failure and the UE should be able to continue operation. With the current systems this probably not a scenario which needs to be catered for with high priority, however as the LTE equipment will be deployed in less managed scenarios the reliability of the cell may be lower, e.g. the power of the Home Cell cannot be guaranteed. 

3
Solutions

The following are the main solutions that have been proposed to address the issue of handover failure.

3.1
Transition via Idle State (i.e. the current solution)

In this solution when there is radio failure in the source cell the UE enters IDLE state and reselects to a new cell. When the UE has camped on the new cell and received the system information of the cell, the UE may perform the access procedure to establish resource in the target cell. 
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Currently the solution does not include the forwarding of packets from the Source eNodeB to the target eNodeB however this can be included if required.

One important question is if all SAE bearers are maintained when a UE transitions via LTE_IDLE state? If the GBR bearers are not maintained then the service outage could be even longer for a voice call using this procedure.

The main concern with this solution is the amount of time required to perform this procedure, and hence the outage introduced into the data transfer.

3.2 Cell Reselection

This solution would be replicating the GPRS solution (from Rel-97) whereby the UE under certain conditions autonomously move to the target cell. When arriving on the target cell the UE informs the eNB of its Identity and the Identity of the source cell, such that the context of the UE can be retrieved from the Source eNodeB.
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This solution requires UE-based mobility as described in 3.3 and context fetch when UE context does not exist at T-eNB. The main drawback with this solution have been claimed to be the introduction of complexity into the RRC State model, the standards, and the terminal implementation. 

3.3 Target Cell Preparation (RLF recovery)

In this solution, proposed in [2], interruption time and data loss due to RLF could be mitigated by allowing UE-based mobility without going via RRC_IDLE if UE context exists at the T-eNB. The T-eNodeB could have been provided with some context information via the handover preparation procedure. In this solution the storage of the UE context at the target cell can be considered short lived and it is likely that there will be some radio resource reservation associated with its storage. 
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It is possible that the source eNodeB trigger the transmission of the HO Request message when it detects Radio Link Failure.

The Target eNodeB would need to be aware that the UE may access the cell without using the reserved/allocated preamble, as the UE may access the target cell prior to the UE being informed which preamble is allocated for the handover.

Before data can be sent in the target cell the network would need to verify the integrity of the UE, and renegotiate the security key offset for the target cell, and this is likely to require a new procedure (note that this is the same as for the cell reselection procedure described in sub-clause 3.2).

In this case the UE context is not available at the target cell some additional outage would be incurred if transmission of the Service Request had been delayed.

3.4 Multiple Cell Reselection Preparation

In this solution the UE contexts stored at the target eNodeBs may be long lived, assuming that no radio resources are wasted by preparing multiple target cells.
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It is assumed that not all target eNBs will reserve resources for this UE, as it is possibly one of many eNBs preparing resources. Therefore when the UE accesses a target cell, there is no guarantee that there will not be congestion on the target cell, and therefore the GBR SAE bearers may not be satisfied.

The above diagram does not use the existing handover messages as they assume resource reservation on the target cell, however this is not the case for this solution.

It is assumed that to achieve a reliable solution in some occasions a large number of neighbour cells would need to be prepared for the handover.

When the UE leaves LTE_ACTIVE state, the Source eNodeB would need to inform all eNodeBs that have previously been provided with the UE context information, such that they can delete the stored UE context information.. The HO cancel message could be sent from source eNB to the prepared target eNBs to delete the UE context. 

This solution requires UE-based mobility for RLF recovery as described in 3.3.

4
Analysis of Solutions

	
	Transition via Idle State

(No UE-based mobility)
	Cell Reselection

(UE-based mobility + context retrieval)
	Target Cell Preparation

(UE-based mobility)
	Multiple Cell Preparation with UE-based mobility

	Caters for Fast Moving UEs
	Yes
	Yes
	Yes
	Assuming target selected correctly.

	Caters for Low Activity UEs
	Yes
	Yes
	No
	Yes (probably with considerable signalling overhead)

	Caters for Cell Failure
	Yes
	No
	No
	Yes (probably with considerable signalling overhead) 

	
	
	
	
	

	Interruption time for Transition
	T1 + Idle Active Transition Time

Longest?
	T1 + X2 roundtrip + RRC connection establishment

Longest? (i.e. dependent on X2 interface delay)
	T1 + RRC connection establishment

Shortest
	T1 + RRC connection establishment

Shortest

	Network Signalling overhead
	No
	No
	Not Relevant
	Yes

	Delay for the data forwarded packets
	Long
	Small
	Small
	Small

	UE complexity
	Low
	Some
	Some
	Some

	Require X2 interface and same MME?
	No
	Probably
	No
	Yes (For scalability reasons)


A UE in LTE_ACTIVE state may be able to decode the system information of the target cell whilst on the current cell if it is an intra-frequency cell change, however for inter-frequency there may be an issue. If the Cell change is Inter-frequency then the UE will need to receive the system information before accessing the cell, unless the UE is provided with system information of the neighbour cells on the source cell.

5
Conclusion

This paper has briefly described the areas where the current working assumptions may have limitations, and recapped the solutions proposals. The possible solutions to improve the mobility performance in LTE_ACTIVE are all based on UE-controlled mobility, e.g. cell reselection, target cell preparation, or multiple cell preparation.  

It is suggested that before we agree on any solutions, we should first ensure we identify which areas need to be addressed such that if we do select a solution it satisfies all problem areas. 
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