Page 1

3GPP TSG RAN WG3 Meeting #75
R3-120264
Dresden, Germany, 6-10 February, 2012


Agenda item:
10
Source: 
Alcatel-Lucent
Title: 
Stage 2 definitions for Rel-10 intra-LTE MRO 
Document for:
Discussion and Approval
1
Introduction
Stage 2 definitions for intra-LTE MRO in Rel-10 have been much discussed during several meetings. In this paper we describe the background for this discussion and provide analysis based on a wide range of intra-LTE MRO scenarios. Updated MRO definitions are proposed.
2
Enhancements and updates to MRO during the Rel-10 work
The main Rel-10 MRO enhancements are the extension of the UE RLF Report and the possibility to upload this report from the UE after RRC connection setup from idle mode: In Rel-9 the UE optionally stores the last radio measurements before connection failure (Radio Link Failure, Handover Failure) and makes this information available to the network upon successful RRC Connection re-establishment (RLF Report). In Rel-10 the stored information is enhanced in order to make the MRO verdict (Too early HO, Too late HO, HO to wrong cell) without the need of a UE context in the network. The information is made available also after RRC Connection Setup from idle mode. This enhanced functionality was requested by RAN3#70 in an LS to RAN2 [1]. The outcome was described by RAN2 in an LS handled by RAN3#72 [2]. 

 UE support of the RLF Report was made mandatory in Rel-10 following decision in RAN plenary.
Two RAN3 agreements also impact the present analysis:
· A Handover Failure shall not be considered by the MRO algorithm as a "Too late HO", because such failure corresponds to a failed RACH access in the target cell. A corrective action consisting of triggering the handover at an earlier point of time would make the situation worse [3]. So the following agreement was captured in the chairman's notes from RAN3#71: "- agreement clarification to the Too Late HO is needed". Both Rel-9 and Rel-10 CRs were provided, but postponed in order to allow further analysis (hopefully to be completed during the present RAN3 meeting).
· From the UE's point of view, the handover is considered as successful following successful RACH access procedure. If the "Handover Complete" message is not delivered to the target cell, this is reported by the UE as Radio Link Failure (in the Uu RRC Connection Reestablishment Request message as well as in the RLF Report) and should therefore be handled in the same way as an RLF occurring while the T_store_UE_ctxt timer is running [4]. Related corrections of the stage 2 specification were agreed in [5] for Rel-9, and mirrored in Rel-10 [6].
3
Update of the MRO definitions.

The agreements described above, linked to [3] and [4], both emphasize the need to analyse the handover in more detail than was previously done during the RAN3 work. In this paper we therefore provide a series of RLF and HOF scenarios followed by RRC connection re-establishment attempt – the scenarios can be found in Annex C. We applied the MRO definitions found in latest stage 2 specification (TS 36.300 v. 9.9.0 and v. 10.6.0) to each of these scenarios. The Rel-9 and Rel-10 definitions are similar, and therefore provide the same results when applied to the scenarios. The detailed results can be found in Annex A of this paper.
From the table in Annex A we observe the following issues:
· Wrong verdict is made for scenario 1b (this scenario shall not be handled as "Too late HO" according to the agreement from RAN3#71).
· Ambiguous definitions: More than one verdict apply to the scenarios 6b, M1, M2 and C1.

For these reasons the MRO verdict definitions need to be updated. In scenarios for which the definitions are ambiguous, we propose to align the choices on the outcome of the MRO verdict as seen from the UE. The advantage of this approach is to avoid a double set of MRO definitions depending on whether the detection is done after RRC connection reestablishment attempt or after RRC connection setup from idle mode.
	#
	Description
	Current definition
	Proposed choice

	6b
	Successful HO preparation, followed by RLF in serving cell, followed by re-establishment attempt in a third cell.
	Too late HO or Wrong cell
	Too late HO

	M1
	RLF followed by RRC Reestablishment attempt in a prepared cell.
	Too late HO or Wrong cell
	Too late HO

	M2
	HOF followed by RRC Reestablishment attempt in a prepared cell different from the target cell.
	Too late HO or Wrong cell
	Wrong cell

	C1
	Successful handover A->B. B rapidly triggers new inter-eNB X2 HO to C, but Handover Command is not delivered. Re-establishment attempt in C.
	Too late HO or Wrong cell
	Wrong cell


Proposal 1: Update the MRO definitions in order to have a correct MRO verdict for scenario 1b. In scenarios for which the current MRO definitions are ambiguous, we propose to align the choices on the outcome of the MRO verdict as seen from the UE.

The resulting proposal for updated MRO definitions is as follows:  
-
[Too Late Handover] A UE has stayed in a cell for a long period of time; an RLF occurs in this cell; the UE attempts to re-establish the radio link connection in a different cell. 

-
[Too Early Handover] An RLF occurs shortly after a successful handover from a source cell to a target cell or a HOF occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell. 

-
[Handover to Wrong Cell] An RLF occurs shortly after a successful handover from a source cell to a target cell or a HOF occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.

In the definition above, the "successful handover" refers to the UE state, namely the successful completion of the RACH (step 9, as presented in subclause 10.1.2.1.1). The eNB determines the connection failure type RLF or HOF based on information reported by the UE during the RRC connection re-establishment attempt.
Proposal 2: MRO definitions described above are agreed for Rel-10. CR submitted in [11].
4
How to implement the proposed MRO definitions
Detailed guide-lines for implementation of the algorithms for the MRO decision are not subject to standardisation, however it is still needed to check that sufficient information is available to perform a correct MRO verdict. We therefore propose example MRO decision algorithms in this paper. Such algorithms were earlier proposed in [7-9], and also captured in the internal RAN3 TR 3.023 [10]. 
It can be seen from the MRO definitions proposed above that the connection failure type (RLF or HOF) is one of the parameters that will determine the MRO verdict. This can be seen when comparing e.g. scenario 1b (failure event to be discarded) and scenario 6a (Too late HO). The connection failure type is available in the eNB which receives the RRC Connection Reestablishment Request message, but is currently not transferred in the RLF INDICATION message on the X2 interface. 
In Annex B of this paper we provide details for two approaches for the MRO decision after RRC connection reestablishment attempt. Characteristics of these approaches are as follows:
Reestablishment option 1:

This solution was proposed during discussions in RAN3 and based on that the eNB which receives the RRC Connection Reestablishment Request message from the UE can use the connection failure type to perform the necessary disambiguation between scenario 1b and 6a. The idea is that the eNB can discard sending of the RLF INDICATION message in some cases. The scenario 1b could therefore simply be excluded from the MRO verdict if the RLF INDICATION message was not sent whenever the connection failure type is HOF. On the other side scenario 3a (HOF due to handover to wrong cell) should not be discarded, and can be differentiated from the scenario 1b by the fact that the reestablishment attempt is unsuccesful. We would therefore need the following double "discard condition":

· the connection failure type is HOF

· AND the reestablishment attempt is successful. 
When this discard condition is used, we first notice that the scenario M2 will be discarded from the MRO evaluation because the RLF INDICATION message will not be sent.

Observation 1: For option 1, the scenario M2 will be discarded from the MRO evaluation because the RLF INDICATION message will not be sent.

A further aspect to be considered is how to deal with scenario 6b which may be seen as combined too late HO and HO to wrong cell. The RRC connection reestablishment is unsuccessful in this scenario, so the network will not have any means to differentiate it from scenario 3a (HO to wrong cell). If option 1 is retained, the MRO verdict for scenario 6b must therefore be HO to wrong cell. However from the UE's point of view the scenario 6b can't be differentiated from scenario 5a (and 5b), and an MRO verdict based on the UE RLF Report will therefore result in Too late HO. This seems to us to be a blocking point for option 1.
Observation 2: When option 1 is used, the MRO verdict for scenario 6b will be "HO to wrong cell" when detection is done after RRC connection reestablishment. However from the UE's point of view the scenario 6b can't be differentiated from scenario 5a (and 5b), and an MRO verdict based on the UE RLF Report will therefore result in Too late HO. This seems to us to be a blocking point for this option.

A similar issue exists for scenario M1, however in this case the RRC connection reestablishment attempt is successful, so information taken from the UE context could be used for the MRO verdict in this scenario. This would mandate upload of the UE RLF Report directly following the RRC connection reestablishment, so that the UE doesn't make this report available at a later RRC connection setup.

We provide for illustration purposes a MRO decision flow for option 1 in annex B.1, with MRO verdict for each scenario in Annex A.

Reestablishment option 2:

This solution relies on the introduction of the connection failure type in the RLF INDICATION message, as proposed e.g. in [12]. Decision flows are provided in Annex B.2, and the MRO verdicts for each scenario are provided in Annex A. It is seen that this solution resolves the issue linked to the scenario 1b, and also permits aligned results of the RRC reestablishment method and the RRC connection setup method.
Proposal 3: The connection failure type is introduced in the RLF INDICATION message.
5
Conclusion
We have analysed the definitions for MRO verdicts in the light of MRO evolutions in Rel-10. In this analysis a quite high number of connection failure scenarios was used. The analysis resulted in the following two proposals:
Proposal 1: Update the MRO definitions in order to have a correct MRO verdict for scenario 1b. In scenarios for which the current MRO definitions are ambiguous, we propose to align the choices on the outcome of the MRO verdict as seen from the UE.

Proposal 2: MRO definitions described above are agreed for Rel-10. CR submitted in [11].
Possible implementation of MRO algorithms was also analysed with the purpose of identifying any need for additional information on the X2 interface. 

The analysis of a first option ("option 1"), not needing any additional information on X2, resulted in the following two observations:

Observation 1: For option 1, the scenario M2 will be discarded from the MRO evaluation because the RLF INDICATION message will not be sent.

Observation 2: When option 1 is used, the MRO verdict for scenario 6b will be "HO to wrong cell" when detection is done after RRC connection reestablishment. However from the UE's point of view the scenario 6b can't be differentiated from scenario 5a (and 5b), and an MRO verdict based on the UE RLF Report will therefore result in Too late HO. This seems to us to be a blocking point for this option.

Analysis of a second option ("option 2"), where the connection failure type is introduced in the RLF INDICATION message, shows that this solution resolves the issue linked to the scenario 1b, and also permits aligned results of the RRC reestablishment method and the RRC connection setup method.

Proposal 3: The connection failure type is introduced in the RLF INDICATION message.

The associated stage 2 CR is submitted to this meeting in [11], the CR to X2AP is submitted in [12].
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Annex A – Detailed results
The results are summarised in the following table. "Current" MRO definitions refers to TS 36.300 v. 9.8.0 and v. 10.5.0.
	#
	Description
	MRO verdicts based on stage 2 definitions
	MRO verdicts based on decision flows in Annex B.
	Comments

	
	
	Current definition (Rel-9 and Rel-10)
	Proposed definition (cf. [11])
	Reestab option 1 (Annex B.1)
	Reestab option 2 (Annex B.2)
	Re-connection from idle mode (Annex B.3)
	

	1a
	HOF followed by RRC Reestablishment attempt in source cell.
	Too early
	Too early
	Too early
	Too early
	Too early
	

	1b
	HOF followed by RRC Reestablishment attempt in target cell.
	Too late
	Discard
	Discard (No RLF INDICATION sent)
	Discard
	Discard
	This scenario shall be excluded from the "Too late HO" definition, according to agreement in RAN3#71. 

	1c
	"Handover Complete" not delivered (RLF), followed by RRC Reestablishment attempt in target cell.
	Discard
	Discard
	Discard
	Discard
	Discard
	

	2a
	"Handover Complete" not delivered (RLF), followed by RRC Reestablishment attempt in source cell.
	Too early HO
	Too early
	Too early
	Too early
	Too early
	

	2b
	RLF in target cell while T_store_UE_ctxt timer running, followed by RRC Reestablishment attempt in source cell.
	Too early
	Too early
	Too early
	Too early
	Too early
	

	2c
	RLF in target cell while T_store_UE_ctxt timer running, followed by RRC Reestablishment attempt in target cell.
	Discard
	Discard
	Discard
	Discard
	Discard
	.

	3a
	HOF followed by RRC Reestablishment attempt in a cell that is neither the source cell nor the target cell.
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	

	3b
	"Handover Complete" not delivered (RLF), followed by RRC Reestablishment attempt in a cell that is neither the source cell nor the target cell.
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	

	4
	Successful handover rapidly followed by RLF. Re-establishment attempt in a cell different from the source cell and the target cell.
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	

	5a
	RLF in serving cell followed by re-establishment attempt in a different (unprepared) cell.
	Too late
	Too late
	Too late
	Too late
	Too late
	

	5b
	Unsuccessful handover preparation, then RLF in serving cell followed by re-establishment attempt in a cell different from the serving cell.
	Too late
	Too late
	Too late
	Too late
	Too late
	Verdict should be "discard" because the connection failure is not due to mobility (probably due to congestion). Open point whether further specification is needed. 

	6a
	RLF in serving cell followed by re-establishment attempt in a cell prepared for handover.
	Too late
	Too late
	Too late
	Too late
	Too late
	

	6b
	Successful HO preparation, followed by RLF in serving cell, followed by re-establishment attempt in a third cell.
	Ambiguous: Too late HO or Wrong cell
	Too late
	Wrong cell
	Too late
	Too late
	

	M1
	RLF followed by RRC Reestablishment attempt in a prepared cell.
	Ambiguous: Too late HO or Wrong cell
	Too late
	Wrong cell
	Too late
	Too late
	

	M2
	HOF followed by RRC Reestablishment attempt in a prepared cell different from the target cell.
	Ambiguous: Too late HO or Wrong cell
	Wrong cell
	Discard

(No RLF INDICATION sent)
	Wrong cell
	Wrong cell
	

	M3
	"Handover Complete" not delivered (RLF), followed by RRC Reestablishment attempt in a prepared cell different from the target cell.
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	

	M4
	Successful handover rapidly followed by RLF. Re-establishment attempt in an initially prepared cell different from the initial target cell.
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	

	C1
	Successful handover A->B. B rapidly triggers new inter-eNB X2 HO to C, but Handover Command is not delivered. Re-establishment attempt in C.
	Ambiguous: Too late HO or Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	Wrong cell
	


Annex B – Decision flows

B.1 – MRO decision flows for reestablishment method - option 1

[image: image1]
Fig. B.1.1 – Decision flow for sending the RLF INDICATION message for option 1.

[image: image2]
Fig. B.1.2 – Decision flow for the MRO verdict for option 1.
B.2 – MRO decision flows for reestablishment method - option 2


[image: image3]
Fig. B.2.1 – Decision flow for sending the RLF INDICATION message for option 2.


[image: image4]
Fig. B.2.2 – Decision flow for the MRO verdict for option 2.
B.3 – MRO verdict - RRC connection setup method.


[image: image5]
Fig. B.3.1 – Decision flow for sending the RLF INDICATION after RRC connection setup from idle mode.


[image: image6]
Fig. B.3.2 – Decision flow for the MRO verdict based on the UE RLF Report.
Annex C
Scenario 1a: 
HOF followed by RRC Reestablishment attempt in source cell.
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 Scenario 1b: 

Derived from scenario 1a: HOF followed by RRC Reestablishment attempt in target cell.

=> RLF INDICATION to be sent. Verdict: discard
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Scenario 1c: 

"Handover Complete" not delivered (RLF), followed by RRC Reestablishment attempt in target cell.

=> RLF INDICATION shall not be sent. 
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Scenario 2a:

"Handover Complete" not delivered (RLF), followed by RRC Reestablishment attempt in source cell.
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Scenario 2b:

RLF in target cell while T_store_UE_ctxt timer running followed by RRC Reestablishment attempt in source cell.
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Scenario 2c:

RLF in target cell while T_store_UE_ctxt timer running, followed by RRC Reestablishment attempt in target cell.
=> RLF INDICATION shall not be sent. 
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Scenario 3a: 
HOF followed by RRC Reestablishment attempt in a cell that is neither the source cell nor the target cell.
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Comment: Destination of second RLF INDICATION message is previousPCellId when connectionFailureType==HOF.

Scenario 3b: 

"Handover Complete" not delivered (RLF), followed by RRC Reestablishment attempt in a cell that is neither the source cell nor the target cell.
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Scenario 4: 

Successful handover rapidly followed by RLF. Re-establishment attempt in a cell different from the source cell and the target cell.
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Fig. 4 – Handover to wrong cell, RLF after completed handover.

Scenario 5a: 

RLF in serving cell followed by re-establishment attempt in a different (unprepared) cell.
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Scenario 5b: 

Unsuccessful handover preparation, then RLF in serving cell followed by re-establishment attempt in a cell different from the serving cell.
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Scenario 6a: 

RLF in serving cell followed by re-establishment attempt in a cell prepared for handover.
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Scenario 6b: 

Successful HO preparation, followed by RLF in serving cell, followed by re-establishment attempt in a third cell.
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Multiple preparation - scenario M1: 

RLF followed by RRC Reestablishment attempt in a prepared cell.

=> Verdict: Too late HO. 
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Multiple preparation - scenario M2: 

HOF followed by RRC Reestablishment attempt in a prepared cell different from the target cell.

=> This scenario is similar to 1c. Verdict: wrong cell. 
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Multiple preparation - scenario M3:
"Handover Complete" not delivered (RLF), followed by RRC Reestablishment attempt in a prepared cell different from the target cell.
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Multiple preparation - scenario M4: 

Successful handover rapidly followed by RLF. Re-establishment attempt in an initially prepared cell different from the initial target cell.
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Cascaded HO - scenario C1: 

Successful handover A->B. B rapidly triggers new inter-eNB X2 HO to C, but Handover Command is not delivered. Re-establishment attempt in C.
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