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1. Introduction
This document discusses several issues on RLF-report contents including the definition and starting point of Time(1) to address all cases of HO Too Late, granularity of Time(1) and  definition of ECGI(2). 
2. Further clarification of Time(1)

2.1 Time(1) in Idle to Active transition and Re-establishment case
Present definition of Time(1) (i.e., TimeHo2Rlf): 
elapsed time since the reception of last RRCConnectionReconfiguration including mobilityControlInfo (i.e., handover command) until connection failure.
The necessity of Time(1) is justified in order for the network to differentiate between HO Too Late and the other MRO root causes (i.e., HO Too Early and HO to Wrong Cell). If Time(1) is bigger than a certain threshold then the MRO root cause is “HO Too Late”, otherwise it would be one of the other root causes.

Focusing on HO Too Late, the occurences that would likely to cause HO Too Late are Measurement Report (MR) transmission failure or HO Command transmission failure caused by a late MR trigger. The analysis result of “HO Too Late” is based on detection of RLF that happens before NW HO preparation (i.e., MR transmission failure) or RLF that happens during or after NW HO preparation (i.e., HO Command transmission failure). 
As illustrated in Figure 1 case 1, for the case when the UE handovers from cell X to cell A, and then experiences RLF before subsequent handover to cell B is finalised, the value of Time(1) will indeed show long dwelling time in the serving cell (i.e., cell A). However, the UE may have established connection to a serving cell (i.e., cell A) not via handover but due to idle to active transition or connection reestablishment. These cases are described in Figure 1 case 2. With the present definition of Time(1), the UE will not be able to start TimeHo2Rlf (and count the elapsed time) since there is no prior RRCConnectionReconfiguration with mobilityControlInfo.
To allow detection of Too Late Handover for case 2 in Figure 1, TimeHo2Rlf should also be started on (counted from) the following points:

1. Upon successful RRC connection setup (i.e., reception of RRCConnectionSetup)

( to address the case when the UE connects to a serving cell via Idle to Active transition
2. Upon successful RRC connection reestablishment (i.e., reception of RRCConnectionReestablishment)

(to address the case when the UE connects to a serving cell via RRC connection reestablishment. 

Note that without defining additional starting point of TimeHo2Rlf as indicated above, the so called “MRO root cause analysis” solution will not be complete.
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Figure1: HO Too Late cases
2.2 Definition of Time(1) in HOF case

RAN2#73 bis discussed the necessity to count and report Time(1) (i.e., TimeHo2Rlf) when Handover Failure is detected. Several companies [1] were proposing to define TimeHo2Rlf only for RLF and not for HOF. The argument that led to the agreement to specify TimeHo2Rlf for both RLF and HOF was because RAN3 requested Time(1) to be defined for both cases, and that the network  may not be able to differentiate RLF and HOF.

However, due to the following reasons, the definition of TimeHo2Rlf should be further discussed.

· It is clear that with the present definition of TimeHo2Rlf, the value of TimeHo2Rlf will always be the same as T304 for HOF case, and the value is known to the network. 
In this case the UE starts two different timers which results into the same value. 

· The present specification does not facilitate detection of MRO root cause for the case when RLF happens after successful handover to to E-UTRAN (inter-RAT HO)
Bearing in mind that that the purpose of Time(1) is to understand dwelling time of a UE in a serving cell, the definition of TimeHo2Rlf for handover case, can be revised into “elapsed time since successful handover until connection failure”. This definition is shown in Figure 1.
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Figure 2: Time(1) definition for handover case

With the proposed definition above and proposed clarification of starting point of TimeHo2Rlf in section 2.1 , the following benefits can be achieved.

- TimeHo2Rlf and T304 are made independent. 
Starting two timers that may result same value can be avoided.

- All RLF cases (e.g., the ones happens after inter and intra-RAT HO and the ones not related to handovers) would provide TimeHo2Rlf for the network to analyse.
- For inter-RAT handover case, if the starting point is kept as the present definition, specifying the behaviour for RLF and HOF case would be a little bit difficult and confusing from specification perspective. 
For HOF case, the behaviour need to be specified in the source RAT, and for RLF case,  the behaviour of couting the elapsed time from reception of RRCConnectionReconfiguration with mobility to E-UTRA which is received in other RAT, needs to be included in 36.331 RLF detection section (5.3.11.3). Independent to whether inter-RAT case is included in Rel-10 specification, changing the starting point of TimeHo2Rlf would solve these problems.



- The inclusion of TimeHo2Rlf in the RLF report can be used to differentiate for RLF and HOF case.
In HOF cases there is no TimeHo2Rlf, and in RLF cases, TimeHo2Rlf is always defined.
The network can consider for HOF case, Time(1) = T304; and for RLF, Time(1) = TimeHo2Rlf
Observation1:

Section 2.1 and 2.2 show that SON MRO presently defined is not a mature and complete solution. In order to define a complete detection of HO Too Late at least the following needs to be discussed.
1. The starting point of TimeHo2Rlf at the following point:
a. Upon successful HO completion
b. Upon successful RRC Connection Setup
c. Uppon successful RRC Connection Reestablishment

2. Whether SON MRO can analyse root causes in all RLF cases (e.g., RLF after inter-RAT HO)
3. The benefit of independent T304 and TimeHo2Rlf in HOF case. 
Observation 2:
Section 2.1 and 2.2 show that a complete SON MRO solution has some additional impacts to the specification and UE implementation. Further discussion is necessary (including to find alternatively lighter solution), and the decision to include them in a specification is considered premature.
Proposal 1:
It is proposed for RAN2/3 to discuss the necessity of completing and revising the definition of TimeHo2Rlf and the possible impact as observed above.
2.3 Time(1) granularity
The purpose of Time (1) is to understand how long a UE dwelling in a serving cell. The following points should be considered when specifying Time(1) granularity:
1. Time UE Stayed In Cell IE is a similar information defined in the X2/S1AP, forwarded between the eNBs in UE History Information IE. This IE is defined in second granularity [2].
2. In the scenario of Too Late HO as described in Figure 1 case 1, the UE dwell time in a serving cell could be very long (i.e., from the edge to edge of the cell). Referring to parameters used in RAN1 mobility simulations [3], in the case where the cell radius is 500 m, the dwelling time on average is the following:

· for a UE with 3 km/h speed: 1200 s

· for a UE with 50 km/h speed: 72 s
With the maximum value, i.e., 1023, that is defined in the in-principle agreed CR[4],  granularity of second would be appropriate to take the above dwelling time condition.
3. The approach of counting the elapsed time for Time(1) is similar with the approach for relative time stamping in Logged MDT. For the relative time stamp in Logged MDT, the best accuracy time requirement that RAN4 could give is +/- 2 second/ hour or probably worse depending on the ongoing discussion [5]. During the discussion the contribution in [6] argued that for MDT the UE might use different reference clock from the one used for RF measurements. If 100 ms granularity is defined for Time(1), then it is likely that RLF reporting function for SON MRO will require strict reference clock, probably similar as the one used for RF measurements. Considering that RLF reporting function is also used for MDT purpose, we think that there is no reason to have different requirement between SON and MDT regarding the same approach of counting elapsed time.
Based on the abovementioned points, we that TimeHo2Rlf should be defined in second granularity.

Proposal 2:
TimeHo2Rlf should be defined in second granularity.

3. Definition of ECGI(2)
In the in-principle agreed CR[4], ECGI(2) is defined as the cell in which the first re-establishment attempt was made but failed, which is aligned with the RAN3 LS in [7]. However, RLF report is designed to be a one-shot report and in the RRC connection re-establishment procedure, the UE will go to RRC_IDLE upon T311 expiry and upon receving RRCConnectionReestablishmentReject. After going to RRC_IDLE the UE would likely perform NAS recovery. Therefore, “first re-establishment attempt” is a bit misleading since there would not be a “second re-establishment attempt”. Therefore, it is proposed to clarify the wording into the cell in which failed re-establishment attempt was made after connection failure.

Proposal 3:
The definition of ECGI(2) should be changed to “the cell in which failed re-establishment attempt was made after connection failure”
4. Summary and proposal

Definition and starting point of Time(1) to address HO Too Late cases and  to differentiate RLF and HOF cases were discussed. In addition the granularity of Time(1) and definition of ECGI(2) were also discussed. 
Observation1:

Section 2.1 and 2.2 show that SON MRO presently defined is not a mature and complete solution. In order to define a complete differentiation of HO Too Late at least the following needs to be discussed.

1. The starting point of TimeHo2Rlf at the following point:

a. Upon successful HO RACH procedure

b. Upon successful RRC Connection Setup

c. Uppon successful RRC Connection Reestablishment

2. Whether SON MRO can analyse root causes in all RLF cases (e.g., RLF after inter-RAT HO)

3. The benefit of independent T304 and TimeHo2Rlf in HOF case. 

Observation 2:
Section 2.1 and 2.2 show that a complete SON MRO solution has some additional impacts to the specification and UE implementation. Further discussion is necessary (including to find alternatively lighter solution), and the decision to include them in a specification is considered premature.

Proposal 1:
It is proposed for RAN2/3 to discuss the necessity of completing and revising the definition of TimeHo2Rlf and the possible impact as observed above.

Proposal 2:
TimeHo2Rlf should be defined in second granularity.

Proposal 3:
The definition of ECGI(2) should be changed to “the cell in which failed re-establishment attempt was made after connection failure”
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