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1
Introduction
RAN3 has been discussing inter-RAT Mobility Robustness Optimization (MRO), to detect and correct inter-RAT failure issues related to deployment of LTE over broader 2G/3G coverage.  RAN3 has agreed on two high priority failure scenarios to address in Rel-11, and have identified four different solutions based on RLF Reporting.

RAN3 has sent an LS [1] requesting RAN2 to evaluate the feasibility and UE impacts of each of the four identified solutions, and to comment on any foreseen problems with re-using the Rel-10 RLF reporting in the inter-RAT mobility case.
This paper provides an analysis of the four solutions from the RAN2 perspective, focusing on the two high priority failure scenarios:

a) Failure while in LTE reconnection at 2G/3G (too late HO)

b) Failure during or after a HO from 2G/3G to LTE and reconnection back at 2G/3G (source RAT), maybe at different cell than the source one (too early HO), in particular a HOF during an HO (during RACH attempt in LTE) or a RLF in LTE shortly after a HO (after successful RACH)
2
Discussion
2.1
Overview of SON MRO (RAN2 Perspective)
The SON MRO functionality was introduced in Rel-9 and further enhanced in Rel-10, based on use cases and requirements defined by RAN3.  This section provides a brief overview of the MRO functionality in E-UTRAN from the RAN2 perspective
.

When the UE experiences RLF or handover failure (HOF), it stores an RLF Report (i.e. rlf-Report in VarRLF-Report) containing the following information:
-
Latest measurement results for PCell;
-
Latest measurement results for neighbor cells (EUTRA, UTRA, GERAN, and CDMA2000), if available;
-
Detailed location information, if available;

-
Connection failure type: RLF or HOF

-
For RLF: ECGI of Serving PCell, and ECGI of previous PCell (if applicable);

-
For HOF: ECGI of Source PCell and ECGI (or PCI if ECGI not available) of Target PCell;
-
Time elapsed since last HO initialization until RLF/HOF;
-
ECGI of the cell where reestablishment was attempted (if applicable).
Subsequently, the UE can indicate that a stored RLF Report is available by including rlf-InfoAvailable in the RRCConnectionSetupComplete, RRCConnectionReconfigurationComplete, and RRCConnectionReestablishmentComplete messages.  The rlf-InfoAvailable is included only if the UE’s current RPLMN is equal to the UE’s RPLMN at the time of RLF/HOF, or a PLMN in the UE’s EPLMN List at the time of RLF/HOF. The eNB then has the option to retrieve the RLF Report using the UE Information procedure.  
The RLF Report may be discarded by the UE after 48 hours, upon power off, or upon detach.  Otherwise, the RLF Report is kept stored by the UE until retrieved by the network or overwritten by a subsequent connection failure.

From the above description of the current MRO functionality supported by RAN2, the following observations can be made:

-
The network does not provide any special configuration information to the UE, in order for the UE to perform RLF reporting procedures.
-
There are PLMN-based restrictions for where an RLF Report can be sent.
-
There is no MRO functionality in UMTS, i.e. an RLF Report is not created when RLF/HOF occurs in UMTS, and therefore no RLF reporting mechanism defined.

-
The RLF Report in LTE includes only LTE-related information, e.g. there is no sharing of data between LTE and UMTS.
2.2
Inter-RAT MRO Failure Scenarios
Descriptions of five failure scenarios are provided in [2].  This paper focuses only on failure scenarios (a) and (b), since these are indicated as high priority in the RAN3 LS while the remaining scenarios are indicated as “nice to have” (e.g. potential tie-breakers if they can also be supported).  Scenario (b) can be further sub-divided based on RLF versus HOF, which gives us the following three scenarios to consider:

(a):
RLF occurs in LTE due to Too Late HO from LTE to UMTS (LTE RLF Report), UE reconnects in UMTS.

(b1):
RLF occurs in LTE due to Too Early HO from UMTS to LTE (LTE RLF Report), UE reconnects in UMTS.
(b2):
HOF occurs in UMTS due to Too Early HO from UMTS to LTE (UMTS RLF Report), UE reconnects in UMTS.
2.3
Inter-RAT MRO solutions
Detailed descriptions of the four proposed solutions are provided in [2].  From a RAN2 perspective, the four solutions can be characterized by the following:
-
Where can an RLF Report be stored?  Solutions 1A, 2, and 4 allow an RLF Report to be stored in LTE (i.e. an LTE RLF Report for connection failures in LTE) or in UMTS (i.e. a UMTS RLF Report for connection failure in UMTS).  However, Solution 5 requires only LTE RLF Reports since it proposes a network based solution for UMTS which avoids the need for UMTS RLF Reports.
-
Where can LTE RLF Reports be reported?  Solutions 1A, 4, and 5 allow LTE RLF Reports to be sent only in LTE.  However, Solution 2 allows LTE RLF Reports to be sent in either LTE or UMTS.
-
Where can UMTS RLF Reports be reported?  Solution 1A allows UMTS RLF Reports to be sent only in LTE, since it does not propose RLF reporting procedures for UMTS.  Solution 4 allows UMTS RLF Reports to be sent only in UMTS, since it proposes RLF reporting only in the same RAT where the RLF Report was stored.  Solution 2 allows UMTS RLF Reports to be sent in either LTE or UMTS.
The above is summarized in Table 1.
	
	Solution 1A
	Solution 2
	Solution 4
	Solution 5

	Storage of RLF Report
	in LTE or UMTS
	in LTE or UMTS
	in LTE or UMTS
	in LTE only

	Reporting of LTE RLF Report
	in LTE only 
	in LTE or UMTS
	in LTE only
	in LTE only

	Reporting of UMTS RLF Report
	in LTE only
	in LTE or UMTS
	in UMTS only
	n/a


Table 1: Summary of inter-RAT MRO solutions – RAN2 perspective

2.4
Analysis of RAN2 impacts
From a RAN2 perspective, the following new functionality would need to be introduced by at least one of the proposed solutions in section 2.3, in order to address the high priority failure scenarios in section 2.2:

-
Storage of RLF Report in UMTS: When the UE experiences RLF/HOF while connected to UMTS, it stores an RLF Report. This is applicable to Solutions 1A, 2 & 4 and impacts UMTS specifications.
-
RLF reporting in UMTS: While in UMTS, the UE indicates that an RLF Report is available by including rlf-InfoAvailable in UMTS messages, e.g. RRC CONNECTION SETUP COMPLETE. The RAN then has the option to retrieve the RLF Report using the UE Information procedure, i.e. UE INFORMATION REQUEST and UE INFORMATION RESPONSE. This is applicable to Solutions 2 (for UMTS RLF Reports) & 4 (for UMTS and LTE RLF Reports), and impacts UMTS specifications.
-
“Cross RAT” RLF reporting in LTE: While in LTE, the UE indicates that a UMTS RLF Report is available, which implies that there is some sharing of data between the LTE and UMTS protocol stacks.  Two open issues that require further discussion in RAN2 are as follows:
-
Can the existing rlf-InfoAvailable indicator be reused (i.e. to indicate that an RLF Report is available, which may be the LTE structure or the UMTS structure) or is a separate indicator needed for the UMTS RLF Report (e.g. rlf-InfoAvailableUTRAN)?
-
Can existing rules for restricting where the RLF Report is allowed to be sent (i.e. based on the UE’s RPLMN and EPLMN List at the time of connection failure in UMTS) still be applied in the inter-RAT case?
This is applicable to Solutions 1A & 2, and impacts LTE specifications.  

The potential impacts to RAN2 specifications for each solution are summarized in Table 2.  
	
	Solution 1A
	Solution 2
	Solution 4
	Solution 5

	UMTS: RLF Report storage
	Yes
	Yes
	Yes
	No

	UMTS: RLF reporting procedure
	No 
	Yes
	Yes
	n/a


	LTE: RLF reporting of UMTS RLF Report (“Cross RAT”)
	Yes
	Yes
	No 
	n/a


Table 2: Summary of potential impacts to RAN2 specifications – scenarios (a), (b1), (b2)
Comparing the four solutions, the following observations can be made for the high priority failure scenarios (a), (b1) and (b2):
-
Solution 5 has no impact to UE implementation or RAN2 specifications, for any of the high priority scenarios;
-
For scenarios (a) and (b1): Solutions 1A and 4 are the same. There are no impacts to UE implementation or RAN2 specifications.

-
For scenario (b2):

-
Solutions 1A, 2, and 4 all require the introduction of a UMTS RLF Report. 
-
Solution 1A introduces Cross-RAT reporting of a UMTS RLF Report in LTE.  If it can be assumed that the existing rlf-InfoAvailable indicator can be reused for indicating the availability of the UMTS RLF Report, and the LTE PLMN and 3G PLMN are either the same or are EPLMNs, then there would be no significant impacts to either UMTS or LTE specifications.
-
Solution 4 introduces the RLF reporting procedure in UMTS.  This procedure is similar to the existing measurement log reporting procedure, and therefore relatively simple.
-
Solution 2 has the combined impacts of Solutions 1A & 4.

3
Conclusion
This paper has evaluated the four inter-RAT MRO solutions identified by RAN3, for the agreed high priority failure scenarios.  The following conclusions are proposed to be included in the Reply LS to RAN3:

-
Solution 5 is preferred by RAN2 if only the high priority failure scenarios are considered, since there are no impacts to the UE or RAN2 specifications.
-
Solutions 1A and 4 have impacts to RAN2 specifications.  Both are feasible, but RAN2 recommends that they be considered only if there is a need to also address the lower priority scenarios.  RAN2 has no strong preference between the two.
-
Solution 2 has the combined impacts of Solutions 1A and 4.  Although feasible, it is the least preferred by RAN2.
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