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1. Introduction

In the RAN plenary #88-e meeting, the scope for Rel-17 SON-MDT was updated and, for SON, the objectives are as follows [1]:
The objective of this work item is to specify data collection enhancement in NR for SON/MDT purpose. The specific objectives of this work are:
•
Support of data collection for SON features, including CCO, inter-system inter-RAT energy saving, inter-system load balancing, 2-step RACH optimization, mobility enhancement optimization, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, UE history information in EN-DC, load balancing enhancement, MRO for SN change failure, RACH Optimisation enhancements) [RAN3, RAN2] 

−
Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 

−
Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3]

In the last RAN2#111-e meeting, it was agreed to study the necessity of introducing new methods for more precise identification of the DL coverage quality during the UL coverage outage.
In this paper, we would like to discuss the above open aspects.

2. Discussion

Based on the latest progress, some of the SON features, including Successful Handovers Reports, MRO for SN change failure, UE history information in EN-DC and UL coverage outage should also be studied in RAN2. 
2.1 Successful HO Report
During successful handovers, there may be potential failure events. To provide a more robust mobility, MRO can be enhanced to report failure events observed during successful handovers. A solution to this problem is to configure the UE to compile a report associated to a successful handover comprising of a set of measurements collected during the handover phase, i.e. measurement at the handover trigger, measurement at the end of handover execution or measurement after handover execution. 
According to the LS [2], RAN3 has agreed to support successful handover report scheme. Suggestions on parameters to be included in the Successful Handover Report have been agreed by RAN3 as captured in TR37.816. The information contained in the successful handover report may comprise:

-
RLM related information 

-
RLM related timers (e.g. T310, T312)

-
Measurements of reference signals used for RLM in terms of RSRP, RSRQ, SINR

-
RLC retransmission counter

-
Beam failure detection (BFD) related information

-
Detection indicators and counters (e.g. Qin and Qout indications)

-
Measurements of reference signals used in BFD in terms of RSRP, RSRQ, SINR

-
Handover related information

-
Measurements of the configured reference signals at the time of successful handover

-
SSB beam measurements

-
CSI-RS measurements

-
Handover related timers (e.g. T304)
-
Measurement period indication, i.e. measurements are collected at handover trigger, at the end of handover execution or just after handover execution

From RAN2 perspective, all the above parameters are beneficial for NG-RAN node to perform the related analysis. Besides, it seems to also include RACH information in the target cell to give further details on the RACH procedure, which is valuable for the NG-RAN node to identify whether there is a possible RACH problem during the handover.
Proposal 1: The successful HO report can include the following parameters:

-
RLM related information 

-
RLM related timers (e.g. T310, T312)

-
Measurements of reference signals used for RLM in terms of RSRP, RSRQ, SINR

-
RLC retransmission counter

-
Beam failure detection (BFD) related information

-
Detection indicators and counters (e.g. Qin and Qout indications)

-
Measurements of reference signals used in BFD in terms of RSRP, RSRQ, SINR

-
Handover related information

-
Measurements of the configured reference signals at the time of successful handover

-
SSB beam measurements

-
CSI-RS measurements

-
Handover related timers (e.g. T304)
-
Measurement period indication, i.e. measurements are collected at handover trigger, at the end of handover execution or just after handover execution

-
RACH related information

It is intuitive to introduce a new variable varSuccHOReport at UE side to store the above parameters.

Proposal 2: The varSuccHOReport is introduced to store the parameters for successful HO report. 

To avoid unnecessary Successful Handover Reports and reduce the related signalling overhead, the UE could be configured with triggering conditions for compiling the Successful Handover Report so that the report would be triggered only if the conditions are met. This limits UE reporting to relevant cases, such as underlying issues detected by RLM, or BFD detected upon a successful handover event.
One potential triggering condition could be the cell quality change. If there is an obvious variation of the measurement results of the source cell or the target cell during different measurement moments, i.e. at handover trigger, at the end of handover execution or just after handover execution, then the UE should collect the parameters for this successful handover. Alternatively, if the cell quality of the source cell or the target cell during the above moments is below some threshold, it can also be taken as one potential failure issue. The triggering condition should be flexibly configured by the source cell. If the triggering condition is indicated and met, the UE will start to store the parameters for the successful HO report. If the triggering condition is not configured, the UE will not record any information in case of successful HO.
Proposal 3: The triggering condition can be the quality change threshold, or the absolute quality threshold for the main measurement moments.

Proposal 4: If the triggering condition is not configured, it implies that no successful HO report is needed to record.
Unlike RLF report, the successful HO report focuses on the successful HO case. It is highly anticipated that the successful HO report is immediately reported to the target cell when the UE completes the handover. This will avoid unnecessary delivery of the successful HO report among NG-RAN nodes. The availability of a Successful Handover Report may be indicated by the Handover Complete message (RRCReconfigurationComplete) transmitted from UE to target cell over RRC. The target NG-RAN node may fetch information of a successful handover report via UE Information Request/Response mechanism. 
Proposal 5: The availability of a Successful Handover Report is indicated by the RRCReconfigurationComplete message.
Proposal 6: The Successful Handover Report is fetched via UE Information Request/Response messages.

Besides, there is some use case consideration for CHO agreed in the last meeting:
=> RAN2 to consider the SON aspects of CHO and SON aspects of 2-step RA as part of the WI.

=> RAN2 to consider the SON aspects of DAPS HO as part of the WI.

=> The following scenarios are considered:

1) Successful CHO and HO (i.e. no failure happens). FFS consideration in RAN2/3

Therefore, it is desirable to consider the successful CHO and DAPS HO use cases when discussing successful HO report solutions.

Proposal 7: The Successful Handover Report should support successful CHO and DAPS HO.

2.2 MRO for fast failure recovery
In R16, T312 was introduced for MCG. For example, when T310 in the PCell is running, the UE starts T312 which is configured when the measurement report is triggered, and when T312 expires the UE would perform RRC re-establishment rather than waiting for T310 expiry. 

Also, T312 was introduced for SCG. For example, when T310 in PSCell is running the UE starts T312 which is configured when the measurement report is triggered, and when T312 expires the UE would initiate SCG failure information rather than waiting for T310 expiry. 

Based on the above analysis, T312 expiry is one type of RLF cause, thus the cause value t312-Expiry can be included in the RLF report. 
Proposal 8: RAN2 should add the cause value t312-Expiry in the RLF report.

2.3 SON for UE history information in EN-DC
In LTE, RAN2 introduced the mobility history information stored by UE in the WI HetNet_eMob_LTE-Core. The motivation is that the network can estimate UE mobility when the UE establishes an RRC connection and then set optimum parameters for handover measurements. For example, for fast UEs, the network can make the UE stay on a macro cell layer rather than attempting to handover to a small cell layer. It will also reduce the signalling overhead for mobility and reduce the mobility failure. Also, the network can set optimum parameters (e.g. timeToTrigger) for handover measurements. 

In MR-DC, both the MN and SN can configure the measurement and trigger PSCell change. In our understanding, the SN can also optimize the measurement configuration (e.g. timeToTrigger) based on the mobility history information. In LTE, upon a change of cell consisting of PCell in RRC_CONNECTED or serving cell in RRC_IDLE, to another E-UTRA or inter-RAT cell or when entering out of service, the UE records the cell identity of the previous PCell/serving cell and the time spent in these cells. The UE does not record the change of PSCell. In MR-DC, the coverage sizes of the MN and SN are different and the SN does not know the coverage of MN (as shown in Figure 7). Therefore the SN cannot estimate the UE mobility (e.g. the speed) based on the mobility history information of MN. For the mobility state, the UE estimates it based on the number of cell reselections during one time period. The SN also cannot use it to estimate the UE mobility. 
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Figure 1: SN cannot estimate the UE mobility
In R15 MR-DC, the PSCell is decided by the SN. Also the SN can trigger the PSCell change. The MN does not know the cell id of PSCell. Therefore the MN cannot collect the PSCell change information. If the SN informs the MN of the PSCell cell id, it will increase the interaction message between MN and SN.

As we know, the UE knows the change of PSCell when the UE is in MR-DC. Therefore UE can record the change information of PSCell and send the change information of PSCell to the network the next time UE enters RRC connected. 
In the R16 discussion, there are three methods on how to report the PSCell information.

	If your answer for Question 1-6 is “yes”, the next question is that what the UE behaviour is if PSCell changes info is collected by UE. Maybe both MN and SN want to know the PSCell changes info.

· the MN to know the PSCell changes in addition to the PCell changes 

· the SN to know the PSCell changes;

Method1: The UE collects mobility history information on PSCell changes and reports to the MN in MR-DC scenario;

Method2: The UE reports the mobility history information including PSCell and PCell changes directly to the SN;

Method3: Information of one PSCell is placed within the information of the PCell, i.e. the UE records the relation between PCell and PSCell and sends to the MN, and then MN sends the information to SN.


In R15, both MN and SN can configure the measurement for the SN frequencies and trigger the SN change. Therefore, we think both MN and SN want to know the PSCell change information. In our understanding, the change information of PSCell includes the cell id of previous PSCell and time spent in the previous PSCell, so the SN can estimate the UE mobility in the RAT of SN. As we also know, the network may release the SN (as shown in Figure 8). In our understanding, the node needs to use the continuous information to estimate the UE mobility state otherwise the estimation is not correct because the network may estimate the UE mobility based on two PSCells which are not continuous in the mobility history. Therefore, the change of PSCell should include the release of SN. In our understanding, the UE will record the PCell change and PScell change. It is straightforward that information of one PSCell is placed within the information of the PCell, i.e. the UE records the relation between PCell and PSCell. Then the network can know change of the PSCell including the release of PSCell. As discussed above, there are some benefits for both MN and SN to know the history information, therefore the UE can report the history information to the MN, then MN can forward the information to the SN.
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Fig 2. SN is released 
Proposal 9: The UE mobility history information should include PSCell related information, which can be placed within the information of the PCell. The UE can report the whole history information to the MN, then the MN forwards the information to the SN.
2.4 UL-DL coverage mismatch

For UL-DL coverage mismatch, the paper [3] showed some analysis.

Firstly, we agree that it is important to know whether the detected RLF caused by UL coverage problem is a pure UL coverage problem or a mixed case.

Secondly, for real networks, normally DL coverage is better than UL coverage. In Rel-16, MDT can be used to detect the DL coverage hole. CEF reports have some information related to DL and UL coverage performance. 
ConnEstFailReport-r16 ::=            SEQUENCE {

    measResultFailedCell-r16             MeasResultFailedCell-r16,
    locationInfo-r16                     LocationInfo-r16                    OPTIONAL,

    measResultNeighCells-r16             SEQUENCE {

        measResultNeighCellListNR            MeasResultList2NR-r16               OPTIONAL,

        measResultNeighCellListEUTRA         MeasResultList2EUTRA-r16            OPTIONAL
    },

    numberOfConnFail-r16                 INTEGER (1..8),

    perRAInfoList-r16                            PerRAInfoList-r16,
    timeSinceFailure-r16                 TimeSinceFailure-r16,

    ...

}
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Fig 3. RLF and CEF reports during outage period reports during outage period
Figure 3 is from the paper [3], and it illustrates a typical case and if the coverage hole was due to downlink, uplink or both. For Rel-16 mechanism, only the last CEF report is recorded and a number of CEFs is logged. Thus, the information of CEF1 and previous CEFs are not known by the network side. There is no way to completely identify UL-DL coverage problem.

In order to solve the issue, it is proposed to introduce a list of CEF reports for the UE. Generally speaking, when the UE has UL traffic requirements, it will establish the connection with the network. If the CEF is detected for the first time, it is probable that the UE may initiate a new connection establishment immediately or shortly after the CEF. The UE may stay in the same location as the first CEF, or be quite close to the location of the first CEF. In this case, the coverage situation will be quite similar and the information of the new CEF will be similar to the previous one. Therefore, it seems unnecessary for the UE to store all of the CEFs information, especially when the CEFs occur within a short period. This can avoid the reporting of the almost repeated CEF information and reduce the signalling overhead. 
One potential solution is to introduce a periodic timer. When the UE detects CEF, the UE starts the timer. If the timer is running, the UE only stores one CEF report, which can be the first one or the latest one. If the timer expires and the UE detects a CEF, the UE can add the new CEF report into the CEF report list.

Proposal 10: It is proposed to introduce a list of CEF reports.

Proposal 10a: It is proposed to introduce a timer for the UE to decide whether the UE is required to store the CEF information into the CEF report list.
2.5 Early MLB
One objective of load sharing and load balancing is to distribute cell load evenly among cells or to transfer part of the traffic from congested cell. This can be done by means of optimization of cell reselection/handover parameters and handover actions. The automation of such optimization can provide high quality user experience, while simultaneously improving the system capacity and also to minimize human intervention in the network management and optimization tasks.
In case the serving cell is congested, the UEs at the cell/beam edge will bring high interference and further deteriorate the capacity of the serving cell after accessing the serving cell. For the serving UEs not at the cell/beam centre, it is worth noting that the serving cell quality is good enough not to trigger the cell reselection procedure. 
Technically speaking, if the UE remains in idle or inactive states, it will not cause interference to other UEs. Alternatively, if the traffic load is lower in the cell/beam, there are lots of available resources. Though the UE not at the cell centre establishes connection with the network, it will not deteriorate the capacity of the network. However, if the traffic load is a bit high in the cell/beam and the UE at the edge enters into connected mode, it may cause high interference to other UEs, consume large amounts of resources. This will finally degrade the capacity of the cell/beam.

Therefore, if the network can identify this kind of UEs at the edge of the cell/beam, especially in case that the serving cell becomes congested, it is possible for the network to decide to hand it over to a more suitable cell to perform early MLB. 
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Fig 4. Early MLB
In R16 eDCCA WI, it introduced Early Measurement Report scheme to assist the network to quickly configure the DC or CA upon the UE entering connected mode. The similar principles can also be considered for the above capacity problems. That is, early measurement report for handover can be considered. This will be greatly beneficial for the network to identify the UEs at the edge and hand it over to other suitable cell, to avoid the high interference and potential capacity drop issues.

Proposal 11: Early measurement report for handover can be considered for early MLB.
2.6 MRO for SN change failure
For MRO for SN change failure, the feature are still under discussed in RAN3 and RAN2 can wait for the progress in RAN3 before starting the discussion. 
Proposal 12: RAN2 can wait for the progress in RAN3 and start the discussion of MRO for SN change failure.
3 Conclusion

In this paper, we mainly discuss SON for successful HO report and fast failure recovery, UE history information in EN-DC, UL-DL coverage mismatch, and MRO for SN change failure. And we have the observations and proposals:

Proposal 1: The successful HO report can include the following parameters:

-
RLM related information 

-
RLM related timers (e.g. T310, T312)

-
Measurements of reference signals used for RLM in terms of RSRP, RSRQ, SINR

-
RLC retransmission counter

-
Beam failure detection (BFD) related information

-
Detection indicators and counters (e.g. Qin and Qout indications)

-
Measurements of reference signals used in BFD in terms of RSRP, RSRQ, SINR

-
Handover related information

-
Measurements of the configured reference signals at the time of successful handover

-
SSB beam measurements

-
CSI-RS measurements

-
Handover related timers (e.g. T304)
-
Measurement period indication, i.e. measurements are collected at handover trigger, at the end of handover execution or just after handover execution

-
RACH related information

Proposal 2: The varSuccHOReport is introduced to store the parameters for successful HO report. 

Proposal 3: The triggering condition can be the quality change threshold, or the absolute quality threshold for the main measurement moments.

Proposal 4: If the triggering condition is not configured, it implies that no successful HO report is needed to record.
Proposal 5: The availability of a Successful Handover Report is indicated by the RRCReconfigurationComplete message.
Proposal 6: The Successful Handover Report is fetched via UE Information Request/Response messages.
Proposal 7: The Successful Handover Report should support successful CHO and DAPS HO.
Proposal 8: RAN2 should add the cause value t312-Expiry in the RLF report.

Proposal 9: The UE mobility history information should include PSCell related information, which can be placed within the information of the PCell. The UE can report the whole history information to the MN, then the MN forwards the information to the SN.

Proposal 10: It is proposed to introduce a list of CEF reports.

Proposal 10a: It is proposed to introduce a timer for the UE to decide whether the UE is required to store the CEF information into the CEF report list.
Proposal 11: Early measurement report for handover can be considered for early MLB.

Proposal 12: RAN2 can wait for the progress in RAN3 and start the discussion of MRO for SN change failure.
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