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1   Introduction
At RAN3#75 meeting it was agreed to open an email discussion for discussing solutions to high priority Inter-RAT MRO failure use cases listed as follows.  
a) Failure while in LTE or during a HO to 2G/3G, 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), 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) 

At RAN3#75bis, the email discussion report on Inter-RAT MRO failure uses cases has been discussed and solutions have been identified for the following Inter-RAT failure issues related to deployment of LTE over broader 2G/3G coverage, and corresponding LS has been sent to RAN2 and GERAN for UE impact evaluation [1]:
· Solution 1a: UE RLF report when returning to LTE, and 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 from 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 (as in solution 1a), in case of ‘too early’ 3G to LTE, this is detected by RNC
In this contribution, further analyses for these solutions have been provided and proposal is presented.
2   Discussion
2.1   Solutions analysis
A straight forward analysis of these solutions (based on the scenarios covered, Inter-RAT signalling and legacy RAT impact) is summarized in table below [1]:
	
	Solution 1-A
	Solution 2
	Solution 4
	Solution 5

	Intra-LTE signaling
	a) -/RLF indication
b) RLF indication
	a) -/RLF indication
b) -/RLF indication
	a) RLF indication
b) -/RLF indication
	a) RLF indication
b) none

	Inter-RAT signaling
	a) No
b) HO report
	a) RLF indication
b) RLF indication & HO report
	a) No
b) HO report
	None

	Impact on 3G
	a) No
b) RIM Signalling and HO report analysis
	a) RLF reporting & MRO info forwarding
b) RLF reporting & MRO analysis
	a) No
b) RLF reporting & HO report analysis
	a) No
b) MRO analysis

	Impact on 2G
	a) No
b) RIM Signalling and HO report analysis
	a) No
b) RIM Signalling and MRO analysis
	a) No
b) RLF reporting & HO report analysis
	a) No

b) MRO analysis



	Cross-RAT config
	a) No
b) No for RLF, Yes for HOF(info on 2/3G timers)


	a) Yes (info on 2G timers)
b) Yes (info on 2G timers)
	a) No
b) No
	a) No
b) Yes (info on LTE timers)

	Delay
	a) Yes
b) Yes
	a) No (yes for 2G)
b) No (yes for 2G)
	a) Yes
b) Yes for RLF. No for HOF
	a) Yes
b) No 


Table 1. Initial comparison of four solutions
And we analyze their pros & cons and further discuss our point of view as follow:
· Solution 1a: UE RLF report when returning to LTE 

Pros&Cons: Failure reporting in LTE does not necessitate any new LTE design and it has no impact on the air interface between UE and legacy RAT; however, RLF report may be delayed a little bit long if reconnection in 2G/3G.
Impacts on UE and network: From UE’s point of view, extended logging for HO from 2G/3G to LTE is needed, further additional information, e.g. RAT type, should be added in RLF Report; from network’s point of view, eNB in LTE and BSC/RNC in 2G/3G should be enhanced respectively.
·  Solution 2: UE RLF report to 3G and/or LTE depending where UE reconnect after failure 

Pros&Cons: this solution provides RLF Reporting to a 3G or LTE node immediately if reconnection from the failure is done in 3G or LTE; it may necessitate further 3G implementation and specification design, RLF reporting may be delayed if reconnection in 2G. 
Impacts on UE and network: From UE’s point of view, RLF report should be supported in 3G, besides the extended logging for HO from 2G/3G to LTE as well as further additional information added in RLF Report; from network’s point of view, eNB in LTE, NB/RNC in 3G as well as BTS/BSC in 2G should be enhanced respectively.
· Solution 4: UE RLF report to 3G and/or LTE depending where UE reconnect after failure 

Pros&Cons: this solution has an advantage of immediate RLF reporting without any delay; it may necessitate further 2G/3G implementation and specification design, too much burden on legacy RAT air interface and specification impact.
Impacts on UE and network: From UE’s point of view, RLF report should be supported in 2G/3G, besides the extended logging for HO from 2G/3G to LTE as well as further additional information added in RLF Report; from network’s point of view, eNB in LTE, NB/RNC in 3G as well as BTS/BSC in 2G should be enhanced respectively.
· 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

Pros&Cons: most beneficial for Inter-RAT MRO concerning 3G and LTE;  special UE judgement  for whether the HO is from LTE to 3G or 3G to LTE should be performed.
Impacts on UE and network: From UE’s point of view, extended logging for HO from 2G/3G to LTE is needed, further additional information, e.g. RAT type, should be added in RLF Report; from network’s point of view, eNB in LTE, RNC in 3G as well as BSC in 2G should be enhanced respectively.
From the table, it is worth noting that:

· All the above Inter-RAT MRO solution can almost solve failure scenarios a) and b), but with more or less standardization impact on UE, legacy RAT and cross-RAT configuration.

· They all necessitate Inter-RAT signalling through RIM.

Because Inter-RAT MRO solution including RLF reporting implementation in LTE is less complicated than similar implementation in 2G/3G, in our point of view any Inter-RAT MRO solution must, as far as possible, reuse the existent LTE MRO solutions. Therefore, the Inter-RAT solution should avoid any additional Inter-RAT designs, specifically design which necessitate air interface standardization. From analysis above, Solution 1a presents less standardization impact compared to other solutions. More specifically, Solution 1a has no standardization impact on UE and air interface.
Moreover, in practical network MRO is rather based on large amount of HO problem statistics for a certain relatively long period, not on spontaneous or isolated RLF detection.  Thus, in the case of solution 1a, delaying of RLF report may not have too much impact on MRO RLF statistics. Concerning the RLF delaying for more than 48 hours or RLF received after MRO procedure, in our view these kind of RLF occurrence would not have significant influence on MRO RLF statistics.
Observation 1: All solutions could handle the problems a) and b);

Observation 2: Solution1a presents simpler implementation and specification design than solution2&4&5. 
2.2   Summary

Inter-RAT MRO solution must, as far as possible, reuses these existent solutions. From the implementation point of view, any all IRAT MRO solution would necessitate some infrastructure change or upgrade of legacy RAT and at least 2G/3G network would require new RIM signalling design. But Inter-RAT MRO solution including RLF reporting implementation in LTE is less complicated than similar implementation in 2G/3G. 
From the RLF reporting delay, it is noticeable that RLF delaying for more than 48 hours or RLF received after MRO procedure would not have too much influence on MRO RLF statistics. Therefore:
Proposal: Solution 1a does not have too much specification and implementation impact on Uu interface and UE and legacy RAT, therefore solution 1a is proposed as the final solution for Inter-RAT MRO solution.
3   Conclusion
Based on the analysis in section 2, it is proposed for RAN3 to agree the following proposals:
Proposal: Solution 1a does not have too much specification and implementation impact on Uu interface and UE and legacy RAT, therefore solution 1a is proposed as the final solution for Inter-RAT MRO solution.
4   Reference
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