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1
Introduction
Extension of the RLF Report when the UE reconnects from idle mode is covered by the Rel-10 SON work item, and was agreed by RAN3#69 to be beneficial [1]. In this paper we therefore presents further detailed analysis of the proposal.
2
Discussion
This discussion is based on analysis of 6 use-cases derived from the MRO description in TS 36.300 sub-section 22.4.2. Schematic drawings and flow-charts for each of these use-cases are provided in the annex of this paper.
2.1 Cost / benefit analysis

	#
	Use-case designation
	UE RLF Report transferred to source eNB
	Benefit of proposed Rel-10 enhancement

	
	
	Rel-9
	Rel-10
	

	1
	Too early handover, RLF before completed handover
	Yes
	Yes
	No

	2
	Too early handover, RLF after completed handover
	No
	No (depends on solution for HANDOVER REPORT)
	No

	3
	Handover to wrong cell, RLF before completed handover
	No
	Yes (requires method for double reception of X2 RLF INDICATION)
	No

	4
	Handover to wrong cell, RLF after completed handover
	No
	No (depends on solution for HANDOVER REPORT)
	No

	5
	RLF without handover being initiated (too late handover or coverage hole)
	No
	Yes (requires method for double reception of X2 RLF INDICATION)
	Yes

	6
	Too late handover, RLF before completed handover
	Yes
	Yes
	No


Benefit
RAN3#69 agreed that reception of the UE RLF Report by the source eNB is beneficial. However the primary benefit of transferring the UE measurements to the source eNB is obtained when this information impacts the MRO judgement. And this is the case for use-case 5 only, where the UE measurements are used by the source eNB to discriminate between too late handover and coverage hole, or with other words to verify whether handover preparation would have been possible, and towards which cell. Moreover it should be noted that Rel-10 also introduces MDT, which is an other tool for detection of coverage holes.
If we look into each use-case in more detail, we first observe that for use-case 1 the source eNB already receives the RLF Report directly from the UE, so the proposed Rel-10 enhancement will provide no extra benefit. (Actually there may not be any benefit for this use-case in Rel-9 either, but the information comes "for free"). 

For use-case 2, 3 and 4 one may argue that a benefit would exist if the source eNB in Rel-10 could receive the UE RLF Report because network topologies may be complex and coverage holes may also exist in these cases. However the MRO judgement in itself will in principle not be impacted by the UE measurement, and any coverage hole may be detected either by Rel-10 MDT or in a later iterative step of the handover optimisation process following Rel-9 framework.
For use-case 6 the source eNB receives the UE RLF Report, but may not draw much benefit because the RLF was detected already using RLC acknowledgement mechanism while sending the Handover Command.

Cost

Concerning the cost, or added complexity, of the proposed enhancement, in particular two distinct network issues need consideration by RAN3:
· The X2 RLF INDICATION message may be sent twice in use-cases 2, 3, 4 and 5. A standardised, backwards compatible method for double reception is needed for use-case 3 and 5 in order to ensure that counter pegging remains consistent between vendors.

· The X2 HANDOVER REPORT may be sent twice in use-case 2 and 4. A standardised, backwards compatible method for interpretation (or sending) is needed for use-case 2 and 4.

Among these two issues, it seems clear that the RLF INDICATION issue must mandatorily be solved because the Rel-10 enhancement's primary justification is linked to use-case 5.
The HANDOVER REPORT issue is linked to use-cases 2 and 4 where the benefit of RLF Report may be questioned. The simplest solution could therefore be preferred, i.e. avoid sending the HANDOVER REPORT message in case of RRC Connection from idle mode. UE measurements will then not be available in the source eNB as indicated in the table. Anyway the standardised solution should avoid additional complexity in our view. 

The Rel-10 RLF Report from idle mode will have UE impacts needing analysis by RAN2. The new Rel-10 contents includes e.g. ECGI of cell before last HO and a new timer.
2.2  Solution aspects
1) Co-existence of Rel-9 and Rel-10 versions of the UE RLF Report must be analysed in the context of co-existence of Rel-9 and Rel-10 eNBs. This backwards compatibility analysis needs RAN2 expertise. 
Proposal to be further investigated:  Always use Rel-9 RLF Report in case of RRC Reestablishment, even when both the UE and the eNB are Rel-10. The UE and the network will then need to handle two versions of the RLF Report.
2) In use-case 2, 3, 4, and 5 the eNB may receive the X2 RLF INDICATION message twice. A standardised mechanism is needed to ensure correct handling of double reception. 

Proposal to be further investigated: Introduction of a new "Rel-10 X2 RLF INDICATION FROM IDLE" message for use only in case of RRC connection from idle mode. The new message should be silently discarded by a Rel-9 eNB. The Rel-10 eNB probably needs to maintain some context in order to avoid double counter-pegging. 
3) In use-case 2 and 4 the eNB may receive the X2 HANDOVER REPORT message twice. A standardised mechanism is needed to avoid double sending or ensure correct handling of double reception.

Proposal to be further investigated: Considering lower benefit of the UE RLF report in use-case 2 and 4, we propose that the eNB shall not trigger sending of HANDOVER REPORT upon reception of the new "Rel-10 X2 RLF INDICATION FROM IDLE" message.
4)  It should be clarified that the "Cell before HO" in the proposed Rel-10 measurement report contains valid data only if the UE timer has a value below a threshold (defined by O&M).

5) Timer start: Our understanding is that the timer is started only in case of successful sending of the Handover Complete message, i.e. reception of acknowledgement on RLC level. However this point may need confirmation by the proponents [2,3].
6) Timer stop: We can't see any benefit of letting the UE timer run until the RRC Connection Establishment attempt as proposed in [2], in particular if the second HANDOVER REPORT is not sent by eNBB in use-case 2 and 4. Stopping the timer at RLF detection [3] seems to provide a better way to link the HO event with the RLF.

3
Conclusion
We've gone further in the analysis of the proposed Rel-10 intra-LTE enhancement by providing flowcharts for 6 MRO 
use-cases in the annex of this paper. While doing so we have identified issues needing further analysis by RAN3 and RAN2. 

We also observe a tendency of lower benefit than first expected, because 5 use-cases out of 6 will not or may not benefit from the proposal. The benefit may even be considered to be null if we consider coverage hole detection redundant with the ongoing work for MDT. The added complexity is higher than what we initially expected. In other words we perceive a defavorable evolution of the cost/benefit ratio of the solution.
Based on current understanding we therefore question whether it is worthy to have a redundant mechanism to MDT which introduces new complexity related to backwards compatibility. Rel-10 introduces MDT which we believe will be a satisfactory automatised tool for coverage checking and coverage hole detection.
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Annex
Use-case 1: Too early handover, RLF before completed handover
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Use-case 2: Too early handover, RLF after completed handover
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1: Handover Report message is sent by eNB2 because RLF Indication (Rel-9)  received while T_store_UE_ctxt timer running.

2: Handover Report message is sent by eNB2 because RLF Indication (Rel-10) contains T_RLF_report_from_idle value < threshold.

Use-case 3: Handover to wrong cell, RLF before completed handover
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Use-case 4: Handover to wrong cell, RLF after completed handover
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Fig. 4 – Handover to wrong cell, RLF after completed handover.

1: Handover Report message is sent by eNB2 because RLF Indication (Rel-9)  received while T_store_UE_ctxt timer running.
2: Handover Report message is sent by eNB2 because RLF Indication (Rel-10) contains T_RLF_report_from_idle value < threshold.

Use-case 5: RLF without handover being initiated (too late handover or coverage hole)

Too late handover:
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Coverage hole:
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Use-case 6: Too late handover, RLF before completed handover
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