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1. Introduction
For the inter-RAT MRO, RAN3 decided two high priority scenarios to be sloved, and then sent a LS, R3-120914 to RAN2 for the coordination with RAN2. The overall description of the LS is as follows, and the detailed solutions were introduced in the another paper, R3-120912.
For REL-11 inter-RAT MRO (related to deployment of LTE over broader 2G/3G coverage) RAN3 agreed two high priority scenarios. RAN3 discussed four main solutions for the UE RLF reporting with potential UE impacts. The details of each solution are described in attachment

So far, RAN3 has assumed that similar RLF Report contents as reported in Rel-10 can also be reported in inter-RAT mobility scenarios.
Totally, four solutions were discussed in RAN3. This paper will introduce the merits and drawbacks for each solution and discuss which of solution is most suitable from the angle of RAN2. 
2. Discussion
Two high priority scenarios a) and b) considered in RAN3 are as below: 

a) Failure while in LTE reconnection at 2G/3G (too late HO) 
As the UE encounter RLF in LTE, UE re-connects to a 2G/3G cell.

b) Failure during or after a HO from 2G/3G to LTE and reconnection back at 2G/3G (source RAT), may be 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)
This scenario can be classified into two subordinate cases as follows:
b1) HOF at 2/3G to LTE reselect to 2/3G


A UE connected in 2G/3G performs inter-RAT HO too early toward LTE, and then HO failure occurs due to ‘too early HO’ cause. The UE returns to 2G/3G.
b2) RLF in LTE quickly after HO from 2/3G to LTE, reselect to 2/3G


A UE connected in 2G/3G performs inter-RAT HO toward LTE, and then RLF in LTE occurs as soon as HO completion. The UE then reselects 2G/3G.
In order to detect the problem for each two scenarios, RAN3 has discussed if RLF is allowed be reported to inter-RAT. A RAN3 paper, R3-120912 is introducing four solutions as follows:
· Solution 1-A: UE RLF report when returning to LTE – Analysis in LTE
· Solution 2: UE RLF report to 3G and/or LTE depending where UE reconnect after failure
· Solution 4: RLF reported in the RAT where the RLF occurred and HO failure reported in the RAT of the cell in which the HO command was received
· Solution 5: In case of ‘Too late HO’ LTE to 3G, RLF report is sent when returning to LTE, in case of ‘too early’ 3G to LTE, this is detected by RNC
Since in R3-120912, four solutions were explained in detail, the more explanations will be skipped in this paper. Table 1 summaries the specification impacts for each solution. 
Table 1. Merits and drawbacks for each solution
	
	a) RLF in LTE -> new conn in UMTS

(existing case; currently reported in LTE)
	b1) HOF at 2/3G to LTE

reselect to 2/3G
	b2) RLF in LTE quickly after HO from 2/3G to LTE, reselect to 2/3G
(existing case; currently reported in LTE)
	Note

	Error node
	LTE (too late ho)
	2/3G (too early ho)
	2/3G (too early ho)
	

	1A
	LTE
	LTE
	LTE
	UE/RRC impact: 

· Need to define a logging of HO failure in UMTS

· Need to improve case b1) and b2) in LTE specifications (e.g. previousPCellId can’t currently be a cell of another RAT)
Other aspects: N/A

	2
	LTE or UMTS depending on where new conn
(so in this case 2G/3G)
	LTE or UMTS depending on where new conn (so in this case 2G/3G)
	LTE or UMTS depending on where new conn (so in this case 2G/3G)
	UE/RRC impact: 

· Need to define a logging of RLF/HO failure in UMTS

· Need to support any RLF/HO reporting in UMTS

· Same impact as 1A for LTE

Other aspects:

· Note that if 2G is not updated and 2G is first network selected after b1/b2, only after returning to UMTS/LTE the event will be reported.

	4
	LTE
	2/3G
	LTE
	UE/RRC impact: 

· Need to define a logging of HO failure in UMTS

· Need to support HO failure reporting in UMTS

· Need to improve case b2) in LTE specifications (e.g. previousPCellId can’t currently be a cell of another RAT)
Other aspects:

· Assuming b1 occurs much more frequently than b2 (see hetnet simulation results), this method ensures that in most cases the RLF is reported to the node that caused the error.

	5
	LTE
	Not reported
	LTE

(not report to RNC)
	UE/RRC impact: 

· No UE impact
Other aspects:
· This method has some limitations, see Section 2.1.


With Solution 1A, some changes for UMTS specification would be assumed even though RLF report is transferred to LTE only. Since typical handover failure behaviour is specified in the source RAT specification, we assume that in this case still UMTS specifications would have to be updated to capture that the UE performs the HO failure logging for later reporting in LTE. For timeConnFailure included in RLF report, the definition in current TS36.331 specification is:

3>     set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;

Since HO command can also be from UMTS, the definition can be used without any modification. However, it requires to be captured in the UMTS specification as well. For case b1) and b2), some enhancements in the current specification would be also required. For example, previousPCellId has to be able to indicate a cell of another RAT, i.e. 2G/3G cell, since the IE can currently only consider an LTE cell. 
With Solution 2, there are both UMTS and LTE impact. For UMTS, RLF/HO failure reporting mechanism should be proposed. For LTE, same impact in Solution 1A is expected. For 2G, specification change couldn’t be allowed. In that case, we can consider that the RLF/HO failure is reported only after returning to UMTS/LTE. 
With Solution 4, HO failure logging and reporting may be introduced in UMTS. LTE specification change is as same as Solution 1A.
With Solution 5, there is no UE impact for both UMTS and LTE. Accordingly, from UE point of view, solution 5 is preferable for Rel-11. However, as investigating the solution carefully, the solution hasd some limitations. In the following section 2.1, the limitation will be introduced.
2.1 Drawbacks of Solution 5
Solution 5, in which case b1) and b2) are handled autonomously by the RNC, seems to have several drawbacks or shortcomings:

1) Not obvious that RNC will always be able to realise the same UE is returning in scenario b2)
· Will depend on whether the UE is returning with the same initial UE identity in the new connection establishment as in the last connection establishment in this RNC.

2) Difficult for RNC to distinguish coverage problem in LTE from too early HO to LTE

· RNC will not obtain any measurements logged at the moment of HO failure/RLF in LTE

3) Duplication of functionality

· Solution 5 only addresses high priority scenario a) and b). If later any of the solutions 1-A, 2 or 4 are added to handle the remaining cases, this will result in multiple solutions for the same case b): i.e. RNC may detect the quick return of the UE by itself and may (later when UE goes back to LTE) receive an error report from the LTE RAN. This may e.g. result in duplicate counting of events.
2.2 Merits of Solution 4

Comparing solutions 1A, 2 and 4, solution 4 seems preferable:

· It means no change to the existing LTE principles that RLF is always reported to the RAT in which the RLF occurs, and handover failure (if reported) is always reported to the RAT in which the handover was initiated.

· Assuming that step-2 failures occur much more often than step-3 failures (see hetnet results), i.e. since handover failure occurs much more frequent than RLF quickly after inter-RAT handover, solution 4 ensures that in typical cases the handover failure/RLF information is delivered to the RAT which is causing the problem.

Note that in our understanding solution 4 does not imply that we have to make extensions to cover all possible inter-RAT HO failure / RLF cases. Still it can be considered on a case by case basis whether enhancements for a certain situation have to be made or whether already sufficient signalling is available. But the principle for enhancements would be: UE reports RLF in the RAT in which the RLF occurs, UE reports HO-failure in the RAT in which the handover was initiated.
Conclusion
Given the reasoning from the previous section, our proposal would be:

· From UE point of view we would prefer solution 5 for Rel-11 since this has no UE impact.

· However, from overall point of view we can understand that the drawbacks/shortcomings of solution 5 are considered unacceptable, in which case we prefer solution 4, i.e. where necessary, extensions are made based on the principle that RLF is reported in the RAT in which it occurs, and HO failure is reported in the RAT in which the handover was initiated. 
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