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Introduction

	Agreements in RAN2#111-e

New logged content for 2-step RA is introduced in:

RA report

2) RLF report

3) CEF report


As agreed in RAN2#111-e meeting 2step RA will be considered as part of MDT/SON scope, and RA report as well as RLF and CEF report will be enhanced to allow storing 2step RA related information. In this contribution we will review the R16 UE report design for collecting RA related information and discuss in details on how to enhance the UE reporting for collecting 2step RA information as well as the additional measurements can be considered for 2step RA.
Discussion

RA report enhancement

With the introduction of 2step RA, it is possible one RA procedure can involve both 2step RA information and 4step RA information, therefore it requires further discussion on how to store the information of one RA procedure of different RA type. Generally, there are two alternatives to store the different RA type information of one RA procedure:
Alt1: One RA entry is used to store RA information of one RA procedure regardless the RA type
Alt2: Separate RA entries is used for 2step RA and 4step RA information of one RA procedure
According to current RA procedure, 2step RA attempts and 4step RA attempts within the same RA procedure shares the same counters for power ramping and preamble transmission time counting. In order to help NW track the beam switch pattern, power ramping time, the number of preamble transmission and etc, it is beneficial to store RA information of the same RA procedure in one entry regardless the RA type. Furthermore, in a given RA attempt the switching from 2-step RA to 4-step RA only happens after msgA-TransMax number of failed 2-step RA attempts. Thus, even if one RA entry is used for storing the RA information, the network can understand that the msgA-TransMax number of RA attempts correspond to the 2-step RA whilst the remaining attempts are part of the 4-step RA. 
Observation 1: Considering 2step and 4step RA attempt within the same RA procedure share the same power ramping and preamble transmission counter, it is beneficial to store RA information of the same RA procedure in one entry regardless the RA type, which is helpful for tracking beam switch pattern power ramping and preamble transmission condition.
If separate entries are used to store 2step and 4step RA information, then additional mapping is required to link the 2step and 4step RA information of different entries so that NW can track the power ramping or preamble transmission condition of one RA procedure, which increase the size and complexity of RA report design. Therefore, it is proposed to store the RA information of one completed RA procedure in one RA entry regardless RA type is changed or not during the RA procedure.

Observation 2: Separate RA entries for different RA type might increase RA report size and complexity in structure design since additional information is required to link the RA info with different RA type of the same RA procedures.
Proposal 1: RA information of one RA procedure is stored in one RA entry (e.g includes both RA-Information common and the perRA-InfoList), regardless the RA type is changed or not during the RA procedure.  

According to current RA information report mechanism as specified in TS 38.331, both RA resource information and RA performance related information can be reported by UE. The RA resource information, which includes the frequency domain information of RA resource used as well as the associated BWP, is reported in one common IE ra-InformationCommon, while the RA performance related information, e.g., contentionDetected, is stored in perRAInfoList, which in chronological order stores the per RA attempt information within the same beam. Based on this RA report structure, NW is able to know the attempted beam order and deduce additional information, e.g., number of power ramping, switch between CBRA and CFRA for performance analysis, which is also beneficial for 2step RA optimization as well. 
Observation 3: RA resource information as well as performance information as stored in perRAInfoList allows UE to store RA attempt info chronologically so that NW can know the attempted beam switch pattern and deduce additional information, e.g., number of power ramping, for performance analysis.
Based on above analysis, in order to minimize the spec impact, it is proposed to reuse the extended R16 RA report to allow storing 2step RA information, e.g., reuse the chronological structure as specified in 38.331, instead of defining a new RA report design specifically for 2step RA.
Proposal 2: It is proposed to extend rel-16 RA report to allow storing 2step RA information, e.g., reuse the chronological structure as specified in 38.331 with extension to include 2step RA variables, instead of defining a new RA report design specifically for 2step RA.

R16 4step RA information review
As given in following table is the 4step RA information can be reported by UE in R16 as specified in TS 38.331. In this section we will go trough each parameters to see if it can be reused for 2step RA as well.
Table 2-1 4step RA information in R16 UE reports
	Report type
	RA information 

	RA report
	The cell id of the cell in which the RA is performed.
RA purpose
RA-InformationCommon, which contains the following:
Frequency information of the RA resource and of the associated BWP 
perRAInfoList, which in chronological order stores the following information :
Number of preamble sent per beam
Beam index
dlRSRPAboveThreshold, beam quality indication per RA attempt
Contention detected per RA attempt

	RLF report
	RA-InformationCommon as descried above in RA report.

	CEF report
	perRAInfoList as described above in RA report 


The cell id of the cell in which the RA is performed.
The same as Rel-16 RA report, the cell identity shall be included in RA report to help NW identify the cell of which the 2step Random Access procedure occurs.

RA purpose
The RA purpose is used to identify the reason triggering the RA procedure, considering the RA purposes supported by 2stepRA is a subset of RA purposes supported by 4step RA, current RA purpose defined in RA report can also be reused for 2step RA.

Frequency information of the RA resource and of the associated BWP
Similar to 4step, the RACH resource of 2step is also configured per BWP, and the frequency information of the 2step RA  resource for MsgA transmission is also identified by the start of frequency info related to point A of the BWP, the SCS as well as the number of FDMed. Therefore the frequency domain information of 2step RA resource and the associated BWP shall also be included to inform NW the RA resource configuration used for reported RA procedure.
perRAInfoList, which in chronological order stores the following:
Number of preamble sent per beam
Beam index
dlRSRPAboveThreshold per RA attempt

Contention detected indication per RA attempt
The same as 4step RA, 2step RA resource is also configured and mapped to each beam. UE will first try to select a beam with RSRP larger than a configured threshold for transmission of MsgA, if there is no beam satisfied the condition UE then will selects any SSB. Therefore, it is still useful to store the number of preamble sent per beam, beam index and dlRSRPAboveThreshold in 2step RA reporting, to help NW know if the selected beam for RA attempt is above configured threshold (i.e. msgA-RSRP-ThresholdSSB for 2step) or not. 
Contention detected per RA attempt
The contentionDetected flag in RA report can be used to deliver two folds of information which shows as following:

Whether the RA attempt is contention based or contention free, since currently UE will include this tag only when the RA attempt is based on the contention based resource, NW is able to know the RA attempt is CB or CF according to the presence of contentionDetected flag, further knows the number of fallback from CFRA to CBRA of the RA procedure.
Whether the unsuccessful RA attempt is due to failed reception of RAR or failed contention resolution. And the logic is for a RA procedure, the contentionDetected will be set to true when RAR is received and the Contention Resolution (CR) fails. The flag is set to false when RAR is not received or the RAR is received and CR is successful, the successful case will only happens in last RA attempt, therefore for the rest of RA attempt with flag set to false, the failure cause is not receiving the intended RAR. 

Since both information is useful for 2step as well, it is proposed to include the contentionDetected flag in 2step RA report as well.

Proposal 3: The 2step RA information contains at least the same content as Rel-16 RA report, i.e., the following info:

The cell id of the cell in which the RA is performed.
RA purpose
Frequency information of the RA resource and of the associated BWP 
perRAInfoList, which in chronological order stores the following information :
Number of preamble sent per beam
Beam index
dlRSRPAboveThreshold, beam quality indication per RA attempt

Contention detected per RA attempt

Additional RA information can be considered

RA type related information
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Figure 1 RA type selection during one RA procedure
As depicted in 2Figure -1
, for most of the scenarios the RA type selection will only perform once during initialization phase of a RA procedure, once RA type is determined, UE won’t change the RA type selected. The only exception is that when 2step-RA type is selected and MsgA-Transmax is configured (as shown in red line in Figure 1), in such case UE is allowed to switched back to 4step if UE has reached the maximum allowed MSGA transmission time and the RA procedure has not completed.

Observation 5: RA type switch during one RA procedure can only happen when UE selects 2step RA during initialization phase and MsgA-Transmax is configured while for other cases UE only select RA type once during initialization part and doesn’t change the RA type during the whole RA procedure.

Since for most of case the RA type will only be set once and won’t switch through the entire RA procedure, it is seems unnecessary to set the RA type per RA attempt, instead one type indication to indicate the RA type selected during initialization procedure per RA procedure is sufficient. Since NW is aware of the maximum allowed MsgA transmission number for this RA procedure, then NW shall be able to deduce whether RA type switch happens in the RA procedure based on per RA attempt information included in RA report.
Observation 6: With the RA type selected during initialization procedure as specified in TS 38.321 included in RA report together with the allowed maximum number of MSGA transmission information, NW is able to deduce whether RA type switch has happened in the RA procedure as well as at which RA attempt the RA type is switched.

Proposal 4: To include the RA type selected during initialization procedure as RA type information in 2step RA report. 

Fallback related information

During 2-step RACH, in case gNB only successfully decodes the preamble while fails to decode the payload, e.g. due to contention in the PUSCH resource, gNB will include a fallbackRAR in MSGB. The occurrence of fallback is an important parameter used to evaluate the performance of MSGA-payload, which can be a result of inappropriate configuration of 2-step RACH parameter, e.g. payload resource, transmission power and etc. Therefore, it’s beneficial to include fallback information , e.g., an fallback indication to indicate whether an fallbackRAR is received per 2step RA attempt in the RACH information report, which can used to optimize the configuration of 2-step RACH resource. 

Observation 7: Inclusion of fallback information, e.g., an fallback indication to indicate whether fallbackRAR is received per 2step RA attempt can help network to evaluate the 2step RA performance.

Proposal 5: To include an indication per 2step RA attempt in 2step RA report to indicate whether the fallbackRAR has been received during the RA attempt. 

PUSCH related information

For 2step RA at most two groups of PUSCH resource can be configured, where the selection of PUSCH group is determined based on the selection of preamble group, if preamble group A is selected then UE will select PUSCH occasion of PUSCH group A for transmission of MsgA payload. Considering each PUSCH resource group can be independently configured with different MCS, PUSCH Occasion size DMRS configure and etc, it would be helpful to include the PUSCH resource related information in 2step RA report so that NW can perform necessary optimization.
Observation 8: Different PUSCH group configuration can have different configuration in PO size, MCS and etc, it would be beneficial to include the PUSCH resource group information for NW to optimize the corresponding configuration.
One of the use case for 2step PUSCH resource optimization is to optimize the PO configuration, since it requires NW to reserve the PUSCH resource for transmission, it would be helpful for NW to understand the data buffered at UE’s side to be transmitted in MsgA PUSCH (i.e., the actual size of transmitted payload without padding) together with the PO size of the PUSCH resource used, so that NW can know if the reserved PUSCH resource for transmission is appropriate or not. 

Observation 9: It is beneficial for NW to know the actual size of transmitted payload (i.e., without padding) and the PO size of the PUSCH resource used for MsgA transmission so that NW can adjust the PO configuration accordingly.

In order to calculate the size of PO, NW needs to know the RE and MCS UE used for MsgA PUSCH transmission, where the RE is determined based on the number of PRB per PO (as indicated y numOfPRBperPO and the combination of start symbol and length and PUSCH mapping type (as indicated by msgA-PUSCH-TimeDomainAllocation or startSymbolAndLengthMsgA-PO, depends on which is configured ) . Based on above analysis, at least the MCS index , the number of PRB per PO, the combination of start symbol and length and PUSCH mapping type of the PUSCH resource used, the actual size of transmitted payload without padding and the PUSCH group information can be included in the 2step RA report.

Considering normally the padding size will be smaller than the actual transmitted bits in the MAC PDU, since NW can based on the PUSCH configuration to derive the PO size, together with the padding size reported NW can also deduce the actual size of transmitted payload without padding. For consideration on saving signalling overhead, instead of reporting the actual size of transmitted payload without padding, report the padding size used for payload transmission would be more preferred.

Observation 10: Report the padding size instead of the payload size without padding can save more overhead, and NW can still deduce the later based on the PO sized deduced by the PUSCH resource configuration report. 
Moreover, similar to how R16 RA report indicate the RA resource used for preamble transmission, the frequency domain information of PUSCH resource, i.e., Offset of lowest PUSCH occasion in frequency domain with respect to PRB 0 (frequencyStartMsgA-PUSCH) and The number of msgA PUSCH occasions FDMed in one time instance
(nrofMsgA-PO-FDM) can be included in 2step RA report for locating of the PUSCH resource.
Proposal 6: It is proposed to include the following PUSCH configuration of the PUSCH resource used in 2step RA report:

the MCS index , 

the number of PRB per PO of of the PUSCH resource, 

the combination of start symbol and length and PUSCH mapping type, 

PUSCH group information,
the padding size of the transmitted PUSCH payload
Offset of lowest PUSCH occasion in frequency domain with respect to PRB 0
The number of msgA PUSCH occasions FDMed in one time instance
RLF report/CEF report
According to current specs, UE will store the failure RA information in RLF report when radio link failure is caused by 4step RA problem or when handover failure based on 4step RA resource. As given in Table 2-1, except for the cell id and RA purpose, the failure RA information included in RLF contains both RA resource information and RA performance information as stored in perRAInfoList. While for CEF report, only the RA performance information will be included.

Observation 11: The failure RA information included in R16 RLF report contains both RA resource information and RA performance information (i.e., perRAInfoList) while only perRAInfoList is included in CEF report.
Since the RLF failure caused by 2step RA problem or HO failure/connection establishment failure based on 2step RA resource is not that different from 4step, and the 2step RA resource configuration reuse the same structure as 4 step RA, at least the same amount 4step RA failure information in CEF/RLF report can be used for optimizing the 2step RA resource configuration for preamble transmission. 

Observation 12: Since 2step RA preamble resource configuration reuse the same structure for 4step RA resource configuration, the same amount of 4step RA failure information in RLF/CEF can be reused for 2step RA optimization as well.
Additionally, as analyzed in subclause 2.1 for RA report, the RA type information, maximum allowed MsgA transmission, fallback indication and PUSCH resource related information can also be included in RLF and CEF report to distinguish the RA type, identify fallback occurrence and optimize PUSCH configuration.

Observation 13: Similar to the analysis in RA report, additional information is required to help distinguishing the RA type, identifying fallback occurrence and optimizing PUSCH configuration.

Therefore, according to above analysis, the following is proposed :
Proposal 7: The following RA failure information is included in RLF report when RLF is caused by 2step RA problem/BFR or HO failure based on 2step RA resource:

The same amount of RA failure information as included in R16 RLF
RA type information per RA procedure
fallback indication per RA attempt
PUSCH resource related information as proposed in Proposal 6.
Proposal 8: The following RA failure information is included in CEF report when CEF is based on 2step RA resource:

The same amount of RA failure information as included in R16 CEF
RA type information per RA procedure
fallback indication per RA attempt
PUSCH resource related information as proposed in Proposal 6.
Conclusion and proposals

Based on above analysis, we have the following observations and proposals: 

2.1.  RA report enhancement

R16 RA information review
Observation 1: Considering 2step and 4step RA attempt within the same RA procedure share the same power ramping and preamble transmission counter, it is beneficial to store RA information of the same RA procedure in one entry regardless the RA type, which is helpful for tracking beam switch pattern power ramping and preamble transmission condition.

Observation 2: Separate RA entries for different RA type might increase RA report size and complexity in structure design since additional information is required to link the RA info with different RA type of the same RA procedures.

Observation 3: RA resource information as well as performance information as stored in perRAInfoList allows UE to store RA attempt info chronologically so that NW can know the attempted beam switch pattern and deduce additional information, e.g., number of power ramping, for performance analysis.

Observation 4: The unsuccessful contention resolution procedure description of 2step RA is missing in current TS 38.321, which is ambiguous for contention detected flag setting for 2step RA report.
Proposal 1: RA information of one RA procedure is stored in one RA entry (e.g includes both RA-Information common and the perRA-InfoList), regardless the RA type is changed or not during the RA procedure.  

Proposal 2: It is proposed to extend rel-16 RA report to allow storing 2step RA information, e.g., reuse the chronological structure as specified in 38.331 with extension to include 2step RA variables, instead of defining a new RA report design specifically for 2step RA.

Proposal 3: The 2step RA information contains at least the same content as Rel-16 RA report, i.e., the following info:

The cell id of the cell in which the RA is performed.
RA purpose
Frequency information of the RA resource and of the associated BWP 
perRAInfoList, which in chronological order stores the following information :
Number of preamble sent per beam
Beam index
dlRSRPAboveThreshold, beam quality indication per RA attempt

Contention detected per RA attempt

Additional RA information can be considered
Observation 5: RA type switch during one RA procedure can only happen when UE selects 2step RA during initialization phase and MsgA-Transmax is configured while for other cases UE only select RA type once during initialization part and doesn’t change the RA type during the whole RA procedure.

Observation 6: With the RA type selected during initialization procedure as specified in TS 38.321 included in RA report together with the allowed maximum number of MSGA transmission information, NW is able to deduce whether RA type switch has happened in the RA procedure as well as at which RA attempt the RA type is switched.

Observation 7: Inclusion of fallback information, e.g., an fallback indication to indicate whether fallbackRAR is received per 2step RA attempt can help network to evaluate the 2step RA performance.
Observation 8: Different PUSCH group configuration can have different configuration in PO size, MCS and etc, it would be beneficial to include the PUSCH resource group information for NW to optimize the corresponding configure.
Observation 9: It is beneficial for NW to know the actual size of transmitted payload (i.e., without padding) and the PO size of the PUSCH resource used for MsgA transmission so that NW can adjust the PO configuration accordingly.

Observation 10: Report the padding size instead of the payload size without padding can save more overhead, and NW can still deduce the later based on the PO sized deduced by the PUSCH resource configuration report. 
Proposal 4: To include the RA type selected during initialization procedure as RA type information in 2step RA report. 

Proposal 5: To include an indication per 2step RA attempt in 2step RA report to indicate whether the fallbackRAR has been received during the RA attempt. 
Proposal 6: It is proposed to include the following PUSCH configuration of the PUSCH resource used in 2step RA report:

the MCS index  

the number of PRB per PO of of the PUSCH resource

the combination of start symbol and length and PUSCH mapping type

PUSCH group information
the padding size of transmitted payload 
Offset of lowest PUSCH occasion in frequency domain with respect to PRB 0
The number of msgA PUSCH occasions FDMed in one time instance
2.2 RLF/CEF report
Observation 11: The failure RA information included in R16 RLF report contains both RA resource information and RA performance information (i.e., perRAInfoList) while only perRAInfoList is included in CEF report.

Observation 12: Since 2step RA preamble resource configuration reuse the same structure for 4step RA resource configuration, the same amount of 4step RA failure information in RLF/CEF can be reused for 2step RA optimization as well.

Observation 13: Similar to the analysis in RA report, additional information is required to help distinguishing the RA type, identifying fallback occurrence and optimizing PUSCH configuration.

Proposal 7: The following RA failure information is included in RLF report when RLF is caused by 2step RA problem/BFR or HO failure based on 2step RA resource:

The same amount of RA failure information as included in R16 RLF
RA type information per RA procedure
fallback indication per RA attempt
PUSCH resource related information as proposed in Proposal 6.
Proposal 8: The following RA failure information is included in CEF report when CEF is based on 2step RA resource:

The same amount of RA failure information as included in R16 CEF
RA type information per RA procedure
fallback indication per RA attempt
PUSCH resource related information as proposed in Proposal 6.
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