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1   Introduction
RAN2 has received an LS [1] from RAN3 on additional information in the RLF report. 
Two separate additions are discussed, and these are:
RAN3 has discussed enhancements to the LTE MRO algorithm to enable more precise detection of failure events in HetNet deployments. As part of this work, RAN3 concluded it would be beneficial to enable identification of the UE context in the last serving node, also in case of re-connection from idle. RAN3 would like to ask RAN2 to help to find the most optimal method for the context identification in that scenario. One option that RAN3 considered is adding C-RNTI of the UE in the last serving cell, possibly with other relevant information, to the RLF Report.

Also, RAN3 would like to exclude problems that are not related to UE mobility from the MRO detection. In order to do so, RAN3 has identified the possibility for the UE to include in the RLF report the triggers for the RLF: expiry of T310, MAC RA issue or UL RLC issue. RAN3 would like to ask RAN2 to evaluate feasibility and if it is beneficial to report such triggers
In this document we clarify the scenario and analyze the possible impact of the solution.
2   Context identification

2.1   Scenario
The context identification in last serving eNB is used to retrieve information about the UE that is known in the eNB prior to the failure. One example of this is the CRE configuration and possibly the estimated UE velocity. Other example of usage is to know whether the UE was using modified mobility parameters due to an ongoing MLB action.
The target scenario is Intra-LTE, and for this scenario, RLF reporting is typically performed shortly after RLF, even if the UE goes to idle, since there is typically immediate NAS recovery and there should be LTE coverage available.  So, in the most typical scenario, the last serving eNB will receive the RLF indication (with the RLF report) shortly after the failure. But there may be cases where the RLF report is not immediately delivered. One examples of this if some eNBs are not capable/configured to retrieve the RLF report
2.2   Possible solutions

As mentioned in the LS, including the C-RNTI in the last serving cell has been discussed as one possible solution. But since the C-RNTI is re-used, it is questioned whether C-RNTI alone is enough. Although, as mentioned in the previous section, the time between the failure and the report is typically short, another UE may be assigned the same C-RNTI and may encounter a connection failure. Since the C-RNTI has only 16 bits the probability of this is not negligible if C-RNTIs are picked randomly. 
One solution would therefore be to let the eNB pick the C-RNTIs in a less random way to avoid re-using the C-RNTI assigned to UEs that are diagnosed with a failure. This restriction of the eNB implementation would reduce the pool of available C-RNTIs. 

Another solution would be to provide additional information to resolve the potential ambiguity. In the remainder of this section we discuss different possibilities for this.
2.2.1   Using a pseudo-random number

The first possibility is that the UE selects a random number to increase the possibility to resolve ambiguous C-RNTIs. One problem is however that this number must be known in both the UE and the last serving eNB and must therefore be signalled. There is however already the ShortMAC-I. ShortMAC-I is already used to identify and verify the UE at RRC connection re-establishment. The shortMAC-I is the 16 LSB calculated using the VarShortMAC-Input and the KRRCint key and integrity protection algorithm that was used in the source PCell (handover and mobility from E-UTRA failure) or of the PCell in which the trigger for the re-establishment occurred (other cases). The VarShortMAC-I contains both the PCI and the C-RNTI from the source cell as well as the cellID of the current cell. 
One question is however what cell ID to use for current cell. If the cell ID of the cell in which the UE actually transmits the RLF report is used, the shortMAC-I must be calculated just before transmitting the RLF report. Another possibility is to use the cell ID where the UE attempts RRC re-establishment. The identity of this cell is included in the RLF report, but there may be cases where the UE does not find a suitable cell to perform RRC re-establishment to. A third option is to use a dummy value (for example all zeros) as current cell ID when calculating the shortMAC-I. 

For the purpose of identifying the UE context after a failure there does not seem to be any need for information about the re-establishment cell. Therefore a dummy value could be used for the current cellID in the shortMAC-I calculation which could simplify the implementation, i.e. the UE could calculate the shortMAC-I at the time of the failure and store it in the varRLFreport.
2.2.2   Using time

Another possibility is to resolve C-RNTI ambiguity by using the time domain. It would for example be possible to record some form of time stamp at the time of failure and include this time stamp in the RLF report. Note that this time stamp should be re-used by the last serving eNB so there is no strict requirement of synchronisation between nodes. In general the UE cannot be assumed to have any common time reference with the eNB, except the system frame number. Unfortunately the range of the system frame number is only around 10 seconds, which seems too short to be useful for the identification of the UE context. Other alternative common time references would be GPS time or MDT configured time reference. However, these will in general not be available in the UE, and would therefore not be satisfactory solutions. 
Another possibility is to measure the time between failure and report. This way, the last serving eNB can get some understanding of when the failure occurred. Note however that the reported time will not include the time it takes to propagate this message on the network side to the eNB where the failure occurred (RLF indication), so additional timers may be needed there. The required range and granularity would need to be discussed, since they depend on the re-use frequency of the C-RNTI and the time until the RLF report is received by the network.
Based on the analysis above it seems more straightforward to use the shortMAC-I than time to identify the UE context. This way existing procedures can be reused and implementation of a new timer in the UE is avoided.
Proposal 1: Inform RAN3 that C-RNTI can be reported in the RLF Report.
Proposal 2: Inform RAN3 that C-RNTIs are reused and that two solutions exist to avoid this problem: reserving the usage of C-RNTIs or including a shortMAC-I to resolve any ambiguity.
3   RLF trigger

3.1   Scenario
MRO is used to correct the mobility parameters to reduce failures caused by erroneous parameter settings. The RLF report contains radio measurements to help MRO distinguish between failures related to mobility parameters and problems related to limited coverage. The radio measurements are however currently only measuring the downlink and there is no way to get an indication that it was in fact the uplink that caused the problem. 

3.2   Possible solutions

The RLF can be caused by either downlink (T310) or uplink problems (MAC RA or UL RLC issues). We believe that providing information about the RLF trigger in the RLF report would give a useful indication about what caused the RLF. 

MRO is used to find specific problematic situations in the network, so even if one of the triggers are likely to be very dominant (e.g. T310) when looking at the total network, we believe that in specific situations (in specific cell pairs), where a cell for example has an unbalanced up and downlink, it would be very beneficial for MRO to identify this situation. This could be the case in a heterogeneous network scenario where the DL of a macro cell and low power cell may be balanced at the cell edge, but due to UL interference UEs have problems making UL connections to the low power cell.
This could simply be implemented by adding the triggering criteria in the RLF report, i.e. “T310 expiry”, “RLC problem” or “RACH problem” (in addition to handover failure which is already indicated). 

Proposal3: Include the RLF trigger in the RLF report and inform RAN3 about the decision.
4   Conclusion

Our analysis of the requested enhancements of the RLF report leads to the following conclusions and proposals: 
-
It is possible to include C-RNTI in the RLF report

-
It is necessary to add information to resolve ambiguous C-RNTI and shortMACI is most feasible to do this

-
It is feasible to include the RLF trigger to identify UL coverage problems
Proposal 1: Inform RAN3 that C-RNTI can be reported in the RLF Report.
Proposal 2: Inform RAN3 that C-RNTIs are reused and that two solutions exist to avoid this problem: reserving the usage of C-RNTIs or including a  shortMAC-I to resolve any ambiguity.
Proposal 3: Include the RLF trigger in the RLF report and inform RAN3 about the decision.
The appendix contains a draft LS reply to RAN3.
5   Reference

[1] R3-121450, LS on enhancements to the LTE RLF Report from the UE
6   Annex
1. Overall Description:

RAN2 would like to thank RAN3 for the LS on enhancements to the LTE RLF Report from the UE. 

Regarding the information required to identify UE context in the last serving eNB, RAN2 agrees that the C-RNTI is feasible for identifying the context. Due to the re-use of C-RNTI, it may also be required to either reserve the usage of C-RNTIs or provide a shortMAC-I from the UE to resolve any ambiguity. 

Regarding including the RLF trigger in the RLF report, RAN2 agrees that including the trigger will enable the eNB to distinguish UL coverage problems and that it is feasible to include this information in the RLF report.

2. Actions:

To RAN3 group.

ACTION: 
RAN2 kindly asks RAN3 group to take the above into consideration.
3. Date of Next TSGRAN WG2 Meetings:

TSG-RAN WG2 Meeting #79bis
8-12 October 2012

Bratislava, Slovakia

TSG-RAN WG2 Meeting #80
12-16 November 2012
New Orleans, USA
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