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1 Introduction
In RAN 84 meeting, it was agreed on the new WID on SON/MDT support for NR [1]. The main objectives of the work item include:

· Support of SON features, including MRO (intra and inter-system), MLB (intra-system), and RACH optimization.  [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] 
As described in 37.816 [2], the following solution are described:

The following features and solutions are recommended to be specified for NR RACH optimisation as part of a potential Rel.16 RAN-centric DCU WI:

· RACH optimization is supported by UE reported information and by PRACH parameters exchange over Xn between gNBs and F1 between gNB-CU and gNB-DU.

· UE RACH report (contents needs further check by RAN2 in normative phase) 

· The PRACH parameters of normal UL carrier and SUL carrier are exchanged over Xn separately.
In this contribution, we mainly analyze the content of RACH report, and the detailed design of signaling and information elements are also given.
2 Discussion
For RACH optimization, the UE RACH information report is describe in TR 37.816 [2] as following: 
The contents of the RACH information report comprises of the following (further check by RAN2 is needed):

· Indexes of the SSBs and number of RACH preambles sent on each tried SSB   listed in chronological order of attempts
· The frequency (NR ARFCN) of tried SSBs
· The beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR)

· Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold

· Elapsed time from the last measurement prior to the beam selection time
· Number of RACH preambles sent on SUL

· Number of RACH preambles sent on NUL
· Total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA)Contention detection indication

In the following, we will give analysis for the above information.
For UE RACH information reporting, the UE information procedure is used by E-UTRAN to request the UE to report RACH information in LTE system. Similarly, in NG-RAN system, similar procedure should be introduced to request the UE to report RACH information. That’s mean, UEInformationRequest message from network to UE and UEInformationResponse message from UE to network should be introduced to report RACH information.

Proposal 1: It is proposed that UEInformationRequest message from network to UE and UEInformationResponse message from UE to network should be introduced to report RACH information.
In LTE, if UE supports RACH report in UE-EUTRA-Capability IE, and if rach-ReportReq is set to true, set the contents of the rach-Report in the UEInformationResponse message. Here, rach-ReportReq is used to indicate whether the UE shall report information about the random access procedure. 
UE-EUTRA-Capability-v920-IEs ::=

SEQUENCE {


phyLayerParameters-v920




PhyLayerParameters-v920,


interRAT-ParametersGERAN-v920


IRAT-ParametersGERAN-v920,


interRAT-ParametersUTRA-v920


IRAT-ParametersUTRA-v920


OPTIONAL,


interRAT-ParametersCDMA2000-v920

IRAT-ParametersCDMA2000-1XRTT-v920
OPTIONAL,


deviceType-r9






ENUMERATED {noBenFromBatConsumpOpt}
OPTIONAL,


csg-ProximityIndicationParameters-r9
CSG-ProximityIndicationParameters-r9,


neighCellSI-AcquisitionParameters-r9
NeighCellSI-AcquisitionParameters-r9,


son-Parameters-r9





SON-Parameters-r9,


nonCriticalExtension




UE-EUTRA-Capability-v940-IEs

OPTIONAL

}

SON-Parameters-r9 ::=



SEQUENCE {


rach-Report-r9





ENUMERATED {supported}


OPTIONAL

}

Generally, we think LTE should be taken as the baseline. So we have the following suggestions for NR RACH reporting: 

· rach-ReportReq IE should be introduced in UEInformationRequest message.

· rach-Report IE should be introduced in UEInformationResponse message.

· UE rach-Report capability should be introduced in UECapabilityInformation message.
Proposal 2: It is proposed that rach-reportReq IE could be introduced which could be requested from network by sending UEInformationRequest message, rach-Report IE could be introduced which could be reported from UE to network by sending UEInformationResponse message.

Proposal 3: It is proposed that UE rach-Report capability should be introduced in UECapabilityInformation message.
In NR system, the gNB configures the number of SSBs mapped to each PRACH occasion and the number of preambles linked to each SSB. The number of random access attempt and contention failure indication during a random access procedure should be counted on per SSB level in order to evaluate random access performance per SSB. So that RACH resources and preambles can be adjusted among SSBs within a NR cell. Because different frequencies may have the same SSB, the foregoing information further needs to indicate the frequency information of the SSB. 

Therefore, the information of indexes of the SSBs and number of RACH preambles sent on each tried SSB and the frequency (NR ARFCN) of tried SSBs described in TR 37.816 [2] is necessary to count. In addition, the contention failure indication detect on each tried SSB should also to be count.

In LTE system, the RACH report contains only the cell specific RACH information including numberOfPreamblesSent IE and contentionDetected IE. Based on the discussed above, in NR system, it should add SSB index and SSB frequency. ssb-Index IE and ssbFrequency IE which are defined in current NR specification can be reused in RACH report.
As a result, we propose RACH report in NR should introduce numberOfPreamblesSentrsindex IE including the ssb-Index IE, ssbFrequency IE, numberOfPreamblesSentSSB IE, contentionDetected IE.
Proposal 4: It is proposed to introduce numberOfPreamblesSentrsindex IE including ssb-Index IE, ssbFrequency IE, numberOfPreamblesSentSSB IE, contentionDetected IE in RACH report in NR.
Besides that, for SUL, the gNB may configure dedicated RACH resources to the UE for accessing through UL carrier and SUL carrier. The number of random access attempt and contention failure indication should be linked to the UL/SUL carrier where random access is attempted in order to evaluate RACH channel performance for UL and SUL separately. Therefore, the information of number of RACH preambles sent on SUL/UL described in TR 37.816 [2] is necessary to count.  

As a result, we propose RACH report in NR should include number of preambles by differentiating between SUL and UL.

Proposal 5: It is proposed to include number of preambles by differentiating between SUL and UL in RACH report in NR.
In NR system, the gNB configures an RSRP threshold for the selection of the SSB, if at least one of the SSBs with SS-RSRP above the threshold is available, then UE will select an SSB with SS-RSRP above the threshold. Otherwise, UE will select any SSB randomly. This abnormal case should be identified from other cases where the SSB is selected beyond the configured threshold. So as that gNB should be able to obtain that the selected SSB is above or below the configured threshold so that the threshold can be adjusted to optimize the RACH resource or UL coverage of NR cell. Furthermore, the beam quality of each tried SSB can help the gNB to better identify unreasonable RSRP threshold.
Therefore, the information of Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold and the beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR) described in TR 37.816 [2] is necessary.

In currently NR specification, measResultListNR IE are defined and indicate cell specific measurement cellResults IE and beam specific measurement rsIndexResults IE. Therefore, we propose to reuse rsIndexResults IE to indicate the beam quality of each tried SSB.

As a result, we propose to introduce ssbthresholdindication IE to indicate whether the selected SSB is above or below the rsrp-ThresholdSSB threshold.
Proposal 6: It is proposed to introduce ssbthresholdindication IE in RACH report in NR to indicate whether the selected SSB is above or below the rsrp-ThresholdSSB threshold.
Proposal 7: It is proposed to introduce measResultListNR IE in RACH report to indicate the beam quality of each tried SSB. 
For the total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA) and contention detection indication, currently LTE RACH report does not contain this information. 
In NR system, the fallbacks RACH between CBRA and CFRA is supported, the fallback means that the CBRA fails. The possible cause is that the RACH resource configuration in the CBRA is improper. Therefore, the number of fallbacks can help the gNB identify the improper RACH resource configuration in the CBRA.
Furthermore, when the UE fallbacks from CBRA to CFRA, the CFRA may also fail. In order to optimize the RACH resource configuration in the CBRA and CFRA, the number of RACH attempts in each CFRA and CBRA modes should be counted.   

Therefore, we propose to introduce numberoffallback IE in RACH report to indicate the total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA), and to introduce numberofpreamblesentCBRA IE and numberofpreamblesentCFRA IE to indicate the number of RACH attempts in each CFRA and CBRA modes. 
Proposal 8: It is proposed to introduce numberoffallback IE in RACH report to indicate the total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA), and to introduce numberofpreamblesentCBRA IE and numberofpreamblesentCFRA IE to indicate the number of RACH attempts in each CFRA and CBRA modes.
The above information is summarized in the following table.

	UE RACH report proposed in NR
	 LTE RACH report
	NR RACH report

	Indexes of the SSBs and number of RACH preambles sent on each tried SSB   listed in chronological order of attempts
	Not available for beam index, others available.
	Beam index reuse R15 NR definition
Others reuse LTE RACH report 

	The frequency (NR ARFCN) of tried SSBs
	Not available
	Reuse R15 NR definition

	The beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR)
	Not available
	Reuse R15 NR definition

	Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold
	Not available
	New definition

	Elapsed time from the last measurement prior to the beam selection time
	Not available
	Not available

	Number of RACH preambles sent on SUL

Number of RACH preambles sent on NUL
	Not available
	Reuse R15 NR definition

	Total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA)Contention detection indication
	Not available
	New definition, and the number of RACH attempts in each CFRA and CBRA modes should be counted


3 Conclusion
In this paper, we have discussed the content of RACH report and the detailed design of signaling and information element and have the following proposals:
Proposal 1: It is proposed that UEInformationRequest message from network to UE and UEInformationResponse message from UE to network should be introduced to report RACH information.
Proposal 2: It is proposed that rach-reportReq IE could be introduced which could be requested from network by sending UEInformationRequest message, rach-Report IE could be introduced which could be reported from UE to network by sending UEInformationResponse message.

Proposal 3: It is proposed that UE rach-Report capability should be introduced in UECapabilityInformation message.
Proposal 4: It is proposed to introduce numberOfPreamblesSentrsindex IE including ssb-Index IE, ssbFrequency IE, numberOfPreamblesSentSSB IE, contentionDetected IE in RACH report in NR.
Proposal 5: It is proposed to include number of preambles by differentiating between SUL and UL in RACH report in NR.
Proposal 6: It is proposed to introduce ssbthresholdindication IE in RACH report in NR to indicate whether the selected SSB is above or below the rsrp-ThresholdSSB threshold.
Proposal 7: It is proposed to introduce measResultListNR IE in RACH report to indicate the beam quality of each tried SSB. 

Proposal 8: It is proposed to introduce numberoffallback IE in RACH report to indicate the total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA), and to introduce numberofpreamblesentCBRA IE and numberofpreamblesentCFRA IE to indicate the number of RACH attempts in each CFRA and CBRA modes.
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