
3GPP TSG RAN WG2 Meeting #78
R2-122140
Prague, Czech Republic, May 21st– 25th, 2012
Source:
CATT 
Title:
Analysis of UE impacts per IRAT MRO solution
Agenda Item:
5.4
Document for:
Discussion and Decision
1. Introduction
Inter-RAT MRO, one of use cases in the Rel-11 SON WI [1] scope, had been discussed, and several solutions were provided and evaluated based on multiple criterions by RAN3. However, the impact on UE of each solution is within work scope of RAN2, thereby an LS[2] was sent to RAN2 to make the UE impact evaluation. This contribution attempts to perform the analysis for each solution and wish RAN2 to discuss it and provide the outcome to RAN3 for further evaluation of solutions.
2. Discussion
2.1. IRAT MRO background
For inter-RAT MRO solution, the following scenarios should be covered and resolved with high priority. 
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), 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 present, below four potential solutions have been put forward and discussed by RAN3, which are described in detail in[2].
· Solution 1A (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)

All the solutions are ready to reuse Rel-10 RLF Report to detect inter-RAT MRO problems, thereby bring forth impact on UE (i.e. LTE/UMTS Uu specification),
2.2. Rel-10 RLF Report

According to 36.331, Rel-10 RLF Report contains following information,

· Measurement results of last serving cell

· Measurement results of neighbour cells

· Location information

· Failure type (RLF/HOF)

· Failure cell ID (in case of RLF) or target cell ID (in case of HOF)
· ID of previous cell where last HO command received
· Elapse time from reception of last HO command to connection failure

· Re-establishment cell ID

Note:  all of the cells (except neighbour cells) are E-UTRAN cell.
Since inter-RAT MRO involves two RAT rather than LTE only, the Rel-10 RLF Report would need change and/or enhancement to be applied under IRAT MRO scenarios.
3. UE impacts per solution

At below, each solution is analysed separately on the UE impact, including necessary change or enhancement on the content of RLF Report, and additional handling action in UE, etc.
3.1. Solution 1A

· Scenario a) Failure while in LTE, then reconnection at 2G/3G
Both logging and reporting RLF Report is done in LTE, thus there is no impact on current air interface signaling. Almost of all the information included in Rel-10 RLF Report are useful except for the re-establishment cell ID, since it is not the RRC re-establishment procedure triggered after failure, but a fresh new RRC connection procedure (in other RAT). Hereby, Rel-10 RLF Report needs extension, i.e. UE should log the new connected RAT type and serving cell ID substituting for the re-establishment cell ID, and these information are used by LTE network to analyse the inter-RAT MRO problem.

Further, due to the eNB receiving the RLF Report might be far away from the eNB where failure occurred, RLF information may be transferred via S1 interface across CN. To correctly route RLF indication signaling to the eNB where failure occurred, not only the ID also the TAI of the last LTE serving cell before failure (i.e. the failure cell) should be recorded in the RLF Report.

· Scenario b1) failure (HOF) during handover from 2G/3G to LTE, then reconnection back at 2G/3G, may be at different cell than the source one
Rel-10 RLF Report only applies under the intra-LTE handover failure scenario, while for inter-RAT MRO, it needs to be extended to 3G/2G mobility scenarios. When handover to E-UTRA (from 3G/2G) failure happens, the handling action should be enhanced, i.e. UE initiates RLF event logging.

Since the RAT where failure occurred is not LTE, the content of RLF Report also requires some change. UE should record the RAT type, ID, LAI and RAI of source 2G/3G cell, which are substitution for “previous cell ID”; and the RAT type and cell ID where re-connection made, which are substitution for the “re-establishment cell ID”. Among which, the LAI and RAI of source cell are necessary to route RIM messages across CN from LTE to the source RNC.

· Scenario b2) failure (RLF) shortly after handover completion from 2G/3G to LTE, then reconnection back at 2G/3G
In this scenario, both logging and reporting of RLF Report are done in LTE, which have been supported by present mechanism. However, the source cell is not an LTE but a GERAN/UTRAN cell, thus Rel-10 RLF Report requires some change, i.e. the RAT type, ID, LAI and RAI of previous 2G/3G cell where the last HO command received instead of previous LTE cell ID to be recorded.

In all, for solution 1A, there need enhancement on 3G and LTE Uu specification as follows,

· Logging of RLF Report needs to be extended to scenario of handover failure to E-UTRA from UTRA;

· Content of RLF Report needs change and extension, to include following information,

· TAI of last LTE serving cell before RLF (new);

· In case of HOF, the RAT type and ID, LAI and RAI of source 2G/3G cell; in case of RLF, the RAT type and ID, LAI and RAI of previous 2G/3G cell where last HO command received (substituting for ID of previous LTE cell);

· The RAT type and ID of the 2G/3G cell where re-connection made (substituting for the re-establishment cell ID)

3.2. Solution 2
The only difference between solution 1A and 2 is the RAT where RLF Report logs can be reported. For solution 2, the logs can be reported either in LTE or UTRAN. Thereby, air interface signaling of UTRAN needs to be enhanced to support RLF Report available indication from UE and retrieval of RLF Report by RNC. 

For solution 2, there need some enhancement on 3G and LTE Uu specification,

· Logging of RLF Report needs to be extended to scenario of handover failure to E-UTRA from UTRA;

· UTRAN signaling supports the RLF Report available indication and retrieval of RLF Report;

· Change and extension on RLF Report content are identical to that for solution 1A, i.e. 

· TAI of last LTE serving cell before RLF (new);

· In case of HOF, the RAT type and ID, LAI and RAI of source 2G/3G cell; in case of RLF, the RAT type and ID, LAI and RAI of previous 2G/3G cell where last HO command received (substituting for ID of previous LTE cell);

· The RAT type and ID of the 2G/3G cell where re-connection made (substituting for the re-establishment cell ID)

3.3. Solution 4
Similar to solution 1A and 2, solution 4 also needs to utilize RLF Report to detect IRAT MRO problems. Same as solution 2, logging of RLF Report needs to be extended to UTRAN mobility scenarios (handover to E-UTRA failure), and retrieving of RLF Report also needs to be supported in UTRAN.

Considering all these scenarios, for solution 4, the enhancement on 3G specification and RLF Report content are identical to that for solution 2.

3.4. Solution 5
· Scenario a) Failure while in LTE, then reconnection at 2G/3G
Same as solution 1A.

· Scenario b1) failure (HOF) during handover from 2G/3G to LTE, then reconnection back at 2G/3G, may be at different cell than the source one
When UE re-connects to 3G, the serving RNC could detect the root cause of failure based on internal information of this UE, without need of RLF Report.

· Scenario b2) failure (RLF) shortly after handover completion from 2G/3G to LTE, then reconnection back at 2G/3G
When UE re-connects to 3G, the serving RNC needs to distinguish the IDLE mobility due to CSFB after handover to LTE, from a NAS recovery triggered by connection failure shortly after handover to LTE. Since it can be implemented based on the CSFB flag, there is no need of enhancement on 3G specification.

It should be noticed that in this scenario UE will also log RLF Report, because the UE itself cannot differentiate this scenario from scenario a). Nevertheless the RLF Report logs would not be used by network to detect IRAT MRO problems. Thus, UTRAN doesn’t need to support RLF Report retrieval.
Considering all the scenarios, for solution 5, the Rel-10 RLF Report logging and reporting mechanism need no enhancement. 
However, for scenario a)  RLF Report content need following extension and change, 

· TAI of last LTE serving cell before RLF (new);

· The RAT type and ID of the 2G/3G cell where re-connection made (substituting for the re-establishment cell ID)

4. Comparison between solutions

When comparing all the solutions, the following criterions should be considered,

1)
whether logging of RLF Report needs to be done in UTRAN

2)
whether retrieval of RLF Report in UTRAN needs to be supported 

3)
what extension and change of RLF Report content is needed

Table 1.  Comparison of IRAT solutions on UE impact

	
	Need to support logging RLF report in 3G
	Need to support retrieval of RLF report in 3G
	Enhancement and change on R10 RLF report

	Solution 1A
	Yes (in case handover to E-UTRA failure)
	No
	· TAI of last serving LTE cell before RLF (new)
· In case of HOF, the RAT type, ID, LAI and RAI of source 2G/3G cell; in case of RLF, the RAT type, ID, LAI and RAI of previous 2G/3G cell where last HO command received (substituting for ID of previous LTE cell);

· The RAT type and ID of the 2G/3G cell where re-connection made (substituting for the re-establishment cell ID)

	Solution 2
	Same as above
	Yes
	Same as above

	Solution 4
	Same as above
	Yes
	Same as above

	Solution 5
	Yes *
	No
	· TAI of last serving LTE cell before RLF (new)
· The RAT type and ID of the 2G/3G cell where re-connection made (substituting for the re-establishment cell ID)


* UE shall record the new connected RAT type (i.e. UTRAN) and the UTRAN cell ID in RLF Report when it re-connects at 3G after failure.
5. Proposal
Proposal:  RAN2 discusses and agrees the above UE impact analysis per solution, and provide the feedback to RAN3 for further IRAT MRO solutions evaluation.
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