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1. Introduction

In the last RAN plenary #88-e meeting, the scope for Rel-17 SON-MDT has been updated, and for SON part, the objectives are as following [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 this paper, we will discuss the main items leading by RAN2.
2. Discussion

Based on the latest objectives and R16 SON/MDT progress, some of the SON features, including mobility enhancement optimization, UE history information in EN-DC and 2-step RACH optimization should first be studied in RAN2 rather than RAN3. For the remaining SON features, including CCO, inter-system inter-RAT energy saving, inter-system load balancing, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, load balancing enhancement, MRO for SN change failure, RACH Optimisation enhancements), RAN3 should discuss them first, and RAN2 would start to study until RAN3 has concluded the function and sent LSs to RAN2. Therefore, in this paper, we mainly discuss MRO for mobility enhancement optimization, UE history information in EN-DC and 2-step RACH optimization from RAN2 perspective. 
2.1 SON for mobility enhancement optimization
In R16 MRO for R15 intra-NR  mobility, when HOF or RLF occurs, the UE would store related failure information in the RLF report, and then send this report to the network based on the network’s request. In R16, mobility enhancements including DAPS HO, CHO and fast failure recovery are introduced, thus we should consider MRO mechanism for enhanced mobility.

2.1.1 MRO for DAPS HO

Compared with traditional handover, in DAPS Handover, the UE maintains the source gNB connection after reception of RRC message for handover and until releasing the source cell after receiving the source release indication from target gNB. There are some failure scenarios in DAPS handover procedure as follows:
Scenario 1: T304 expiry.

In DAPS handover, before successful completion of the RACH to the target cell, the UE keeps the source link failure detection. Based on this, if the UE fails to handover to the target gNB (i.e. T304 expires, which is started when the UE receives the DAPS Handover command) the UE can revert to the source gNB without triggering RRC connection re-establishment if the source link is still available. In addition, the UE can report the DAPS handover failure to the source gNB via the FailureInformation message including the failure type, i.e. daps-failure IE. 

Furthermore, RLF may occur after the UE reverts to the source gNB, in which case the UE would perform RRC re-establishment. Compared to MRO for R15 NR legacy mobility, some additional information e.g. successful fallback indication, RLF indication after fallback to the source gNB, elapsed time from DAPS Handover command to fallback to the source gNB, elapsed time from fallback to the source gNB to RLF occurred in the source gNB, elapsed time from RLF occurred in the source gNB to re-connection and etc. may be needed for MRO.
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Figure 1: Scenario 1 in DAPS HO

Observation 1: MRO optimization may be needed for the T304 expiry scenario in DAPS Handover, e.g. RLF occurred after fallback to the source gNB.

Scenario 2: RLF occurs shortly after a successful handover.

After successful completion of the RACH to the target cell and before the release of the source cell, the UE does not keep the source link failure detection of the source link. In this case, when the target link fails, the UE triggers RRC re-establishment. This scenario is similar to connection failure in R15 NR legacy mobility, i.e. an RLF occurs shortly after a successful handover from a source cell to a target cell. Therefore, MRO for R15 NR legacy mobility can be reused. To inform the network that the handover is DAPS Handover, the HO type indication may be added in the UE RLF report. 
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Figure 2: Scenario 2 in DAPS HO
Observation 2: The scenario in which RLF occurs shortly after a successful handover in DAPS Handover, is similar to the one in R15 NR mobility, thus MRO for R15 intra-NR mobility can be reused.
Scenario 3: Both handover failure and source link failure occur.

In DAPS handover, when the UE fails to handover to the target gNB (i.e. T304 expires), and also the UE detects that the source link failed (i.e. T310 for the source cell expires), the UE would trigger RRC re-establishment. Compared to MRO for R15 NR legacy mobility, some additional information e.g. HOF indication together with RLF indication for source cell, the HO type indication and etc. may be included in the UE RLF report. 
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Figure 3: Scenario 3 in DAPS HO
Observation 3: MRO optimization may be needed for the source and target failure scenario in DAPS Handover, e.g. both the handover failure and the source link failure occur.

Based on the above discussion, we suggest RAN2 to study what DAPS failure information can be stored in RLF report.
Proposal 1: RAN2 should study what DAPS failure information can be stored in RLF report.

2.1.2  MRO for CHO

Conditional Handover was introduced in R16 for mobility robustness, which is a handover procedure that is executed only when CHO execution condition(s) are met. In CHO, the source gNB can configure a list of candidate target cells, and then the UE can select one whose quality meets the execution condition as the target cell to access. Failure handling was introduced for CHO, i.e. at RLF or HO failure or CHO failure, the UE would perform cell selection: if the selected cell is a candidate target cell then the UE would perform handover, otherwise re-establishment can be performed. If the handover performed during the failure handling procedure fails, the UE would perform re-establishment. There are some failure scenarios in CHO procedure as follows:
Scenario 1: CHO failure, and then handover failure after selecting a candidate target cell.

In this scenario, the UE would try the handover procedure twice: the first one is when the CHO execution condition is fulfilled and the second one is upon selecting a candidate target cell after the first one fails. To inform the network of the UE behaviour, one failure indication for the first handover as well as another failure indication for the second handover may be needed for RLF report. RAN2 can consider whether both indications are necessary, or only to prioritize one of them. Compared with legacy handover, besides the cell information of the first handover, RAN2 also needs to discuss whether the cell information of the second handover can be included in the RLF report. Also, time information (e.g. elapsed time from receiving CHO configuration to selecting the target cell that meets CHO execution condition, elapsed time from selecting the target cell that meets CHO execution condition to HO failure in the target cell/ selecting a candidate target cell, and elapsed time from HO failure in the target cell/ selecting a candidate target cell to HO failure in the candidate target cell), can be discussed. 
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Figure 4: Scenario 1 in CHO
Scenario 2: Source cell RLF, and then handover failure after selecting a candidate target cell.

In scenario2, source RLF indication and failure indication for the handover triggered upon selecting a candidate target cell may be needed for RLF report, and RAN2 can consider whether both indications are necessary. Also, besides information of the cell that RLF occurred, RAN2 also needs to discuss whether the cell information of the failed handover can be included in the RLF report. Also, time information (e.g. elapsed time from receiving CHO configuration until RLF occurring in the source cell/selecting a candidate target cell, elapsed time from RLF occurring in the source cell/selecting a candidate target cell until HO failure in the candidate target cell), can be discussed. 
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Figure 5: Scenario 2 in CHO
Scenario 3: HO failure, and then handover failure after selecting a candidate target cell.

In scenario3, when the UE receives the legacy handover command before the CHO execution condition is met, the UE would stop CHO evaluation and perform legacy handover. If legacy handover fails, the UE performs cell selection and handover to the selected candidate target cell. Obviously, the UE performs the handover procedure twice, the first one is legacy handover and the second one is upon selecting a candidate target cell after legacy handover fails. RAN2 can discuss whether both a failure indication for legacy handover and another failure indication for the handover triggered upon selecting a candidate target cell are needed for RLF report. Besides the cell information of the legacy handover, RAN2 also needs to discuss whether the cell information of the second handover can be included in the RLF report. Also, time information, e.g. elapsed time from receiving CHO configuration to receiving the legacy handover command, elapsed time from receiving the legacy handover command to legacy HO failure/selecting a candidate target cell, and elapsed time from legacy HO failure/selecting a candidate target cell to HO failure in the candidate target cell, can be discussed. 
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Figure 6: Scenario 3 in CHO
According to the above discussion, RAN2 should study what CHO failure information can be stored in RLF report in case of failed handling for CHO failure/ source cell RLF/ legacy HO failure.
Proposal 2: RAN2 should study what CHO failure information can be stored in RLF report in case of failed handling for CHO failure/ source cell RLF/ legacy HO failure.

The above three scenarios consider that the UE’s failure handling during CHO failed. It is also possible that failure handling is successful, e.g. CHO failure or source cell RLF or HO failure occurs, and then handover triggered upon selecting a candidate target cell is successful. The UE may store some failure related information, but since the final handover is successful, RAN2 can discuss whether failure related information needs to be reported in case of successful failure handling. If so, RAN2 can further discuss whether to reuse the RLF report or new defined report to contain these failure related information.
Proposal 3: RAN2 should study whether failure related information needs to be reported in case of successful failure handling in CHO.

2.1.3 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 4: RAN2 should capture the cause value t312-Expiry in the RLF report.

2.2 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 an optimum parameters (e.g. timeToTrigger) for handover measurements. 

As discussed above, the network can use the mobility history information to optimize the parameters of 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. 

[image: image7.png]| o«g




Figure 7: 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 sends 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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Figure 8: SN is released 
Proposal 5: 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.

2.3 SON for 2-step RACH optimization
2-step RA is a new feature introduced in R16. 

· When CFRA resources are not configured, a configured RSRP threshold (i.e. msgA-RSRP-Threshold-r16) is used by the UE to select between 2-step RA type and 4-step RA type, i.e. if there is any beam whose quality is higher than msgA-RSRP-Threshold-r16, the UE performs 2-step CBRA until the number of MSG A transmissions is up to the configured maximum MSG A transmission number (i.e.msgA-TransMax) before RACH is successful, otherwise the UE performs 4-step RACH. Within all the 2-step CBRA attempts, the quality of each selected beam may be higher or lower than msgA-RSRP-Threshold-r16 since the UE prioritises selecting one beam whose quality is higher than msgA-RSRP-Threshold-r16 to perform 2-step CBRA; if the RACH attempt is not successful and the number of MSG A transmission is not up to msgA-TransMax, the UE selects any beam to perform 2-step CBRA until msgA-TransMax is achieved.

· When CFRA resources for 2-step RA type are configured, the UE performs 2-step RA type including 2-step CFRA and/or 2-step CBRA until the number of MSG A transmission is up to the configured maximum MSG A transmission number (i.e. msgA-TransMax-r16) before RACH is successful, otherwise the UE fallbacks to 4-step RACH. Within all the 2-step RA attempts, the UE prioritises performing 2-step CFRA if there is any beam whose quality is higher than an RSRP threshold (i.e. msgA-RSRP-ThresholdSSB-r16) and configured with 2-step CFRA resources; if there is no such beam, the UE priorities to select one beam whose quality is higher than msgA-RSRP-ThresholdSSB-r16 to perform 2-step CBRA; if the RACH is still not successful and the number of MSG A transmission is not up to msgA-TransMax-r16, the UE selects any beam to perform 2-step CBRA until msgA-TransMax-r16 is achieved.

Both CBRA with 2-step RA as shown in Figure 9 and CFRA with 2-step RA as shown in Figure 10 are supported. The MSGA of the 2-step RA type includes a preamble on PRACH and a payload on PUSCH. After MSGA transmission, the UE monitors for a response from the network within a configured window. For CFRA, dedicated preamble and PUSCH resource are configured for MSGA transmission and upon receiving the network response, the UE ends the random access procedure. For CBRA, if contention resolution is successful upon receiving the network response, the UE ends the random access procedure; while if fallback indication is received in MSGB, the UE performs MSG3 transmission using the UL grant scheduled in the fallback indication and monitors contention resolution. If contention resolution is not successful after MSG3 (re)transmission(s), the UE goes back to MSGA transmission.
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Figure 9: CBRA with 2-step RA
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Figure 10: CFRA with 2-step RA
In 2-step RACH, the gNB configures the maximum number of allowed MSG A transmissions, e.g msgA-TransMax or msgA-TransMax-r16, which is the max number of MSG A preamble transmissions performed before switching to 4-step random access, so the total number of MSG A preamble transmissions sent by the UE would not exceed the maximum number. The number of MSG A preamble transmissions per beam/cell sent by the UE can be reported to indicate the number of MAG A sent by MAC. Also, msgA-TransMax or msgA-TransMax-r16 can be included in the RACH report. So that 2-step RACH configurations e.g. PUSCH resources and preambles can be adjusted.

Besides that, the network can optionally include fallback RAR in MSGB and, if the UE receives it, the UE performs MSG3 transmission. Since both implicit and explicit 2-step RACH mechanism are supported in R16, the UE can store and report whether fallback RAR is received in MSGB, so the network can know whether the 2-step RACH procedure performed by the UE is implicit or explicit and further makes suitable adjustments.

Also, the gNB configures an RSRP threshold (i.e. msgA-RSRP-Threshold-r16 or msgA-RSRP-ThresholdSSB-r16) to select between 2-step RA type and 4-step RA type, i.e. if there is any beam whose quality is higher than the threshold, the UE performs 2-step RA, if the previous 2-step RA attempt is failed and there is no more such beam, the UE selects any beam to perform 2-step RA until the configured maximum number of MSG A preamble transmissions (i.e. msgA-TransMax or msgA-TransMax-r16) is achieved. In this way, the configured RSRP threshold should be included in the 2-step RACH report so that it can be adjusted based on the quality of the selected beams.
Based on above analysis, RAN2 should discuss the details for RACH report considering 2-step RACH optimization.
Proposal 6: RAN2 should discuss the details for RACH report considering 2-step RACH optimization.
3. Conclusion

In this paper, we mainly discuss SON for mobility enhancement optimization, UE history information in EN-DC and 2-step RACH optimization in RAN2, and we have the observations and proposals:

Observation 1: MRO optimization may be needed for the T304 expiry scenario in DAPS Handover, e.g. RLF occurred after fallback to the source gNB.
Observation 2: The scenario in which RLF occurs shortly after a successful handover in DAPS Handover, is similar to the one in R15 NR mobility, thus MRO for R15 intra-NR mobility can be reused.

Observation 3: MRO optimization may be needed for the source and target failure scenario in DAPS Handover, e.g. both the handover failure and the source link failure occur.

Proposal 1: RAN2 should study what DAPS failure information can be stored in RLF report.
Proposal 2: RAN2 should study what CHO failure information can be stored in RLF report in case of failed handling for CHO failure/ source cell RLF/ legacy HO failure.

Proposal 3: RAN2 should study whether failure related information needs to be reported in case of successful failure handling in CHO.

Proposal 4: RAN2 should capture the cause value t312-Expiry in the RLF report.
Proposal 5: 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 6: RAN2 should discuss the details for RACH report considering 2-step RACH optimization. 
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