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Introduction

Following list the agreements have been agreed for 2step RA enhancements:

	Agreements RAN2#112-e
Confirm that the information included in Rel-16 RA report which also applied to 2-step RA at least contains:

Cell ID of the cell in which the RA is performed 

RA purpose

Frequency information of the BWP where RA is performed

Frequency information of RA resources

Number of preambles sent on an SSB

Beam index

Contention detection per RA attempt

Beam quality indication. FFS on the details.
At least following RACH frequency related information should be included in RACH report for optimization of 2-step RACH:

msgA-FrequencyStart-r17

msgA-FrequencyStartCFRA-r17

msgA-SubcarrierSpacing-r17

msgA-SubcarrierSpacingCFRA-r17

msgA-FDM-r17

msgA-FDMCFRA-r17

	Agreements RAN2#113-e
2-step RA related SON:

1
The reporting granularity of whether the DL beam quality, associated to the used 2 step RA resource, is above or below the msgA-RSRP-ThresholdSSB is per-RA-attempt.

2
The RA report includes an indication that enables the network to know that the fallback from 2 step RA to 4 step RA was performed by the UE. FFS: Implicit vs explicit indication.

3
Choose ‘per RA procedure’ for the granularity of RA type (2 step RA vs 4 step RA) indication. FFS: Implicit vs explicit indication.

4. UE includes the measured RSRP of DL pathloss reference obtained just before performing RACH procedure in 2step RA report. FFS how to reduce the report overhead.

	Agreements RAN2#113b-e
1
The RA report includes an explicit indication per RA attempt that enables the network to know that the fallback from 2-step RA to 4-step RA was performed by the UE.

2
RAN2 already agreed “UE includes the measured RSRP of DL pathloss reference obtained just ‎before performing RACH ‎procedure in 2step RA report. FFS how to reduce the report ‎overhead.

	Agreements#114-e
1
If a RA procedure switching from 2-step RA to 4-step RA occurs, one RA report entry is used to convey RA information for 2-step RA and 4-step RA attempts. 

2 
To introduce 2-step RACH related information in RACH report:

enhance the legacy field ra-InformationCommon to include 2-step RA related information. FFS the detailed information.



According to above agreements, it can be seen that only PRACH resource related information have been agreed in 2step RA report which might not be sufficient for 2step RA configuration optimization. In this contribution we are going to discuss the necessity to include PUSCH related configuration in 2step RA.
Discussion
PUSCH information
The intention of RA report is to convey RA performance as well as configuration related information to NW so that NW can perform necessary optimization by adjust corresponding RA configurations. For 2step RA, the configuration of MsgA transmission resource includes both preamble transmission resource(e.g, RO configuration) and PUSCH transmission resource, in some cases, bad RA performance(e.g., extra delay) might be a reason of improper configuration of either PUSCH or preamble resource, which shall be able to differentiate by the fallback indication as agreed last meeting. Therefore if only RA resource is optimized, it is still possible that 2step RA will be suffering from bad performance (e.g., frequent fallback) if the PUSCH configuration is sub-optimal. Therefore only including the PRACH resource configuration in 2-step RA report is insufficient.

Observation 1: 2step RA will be suffering from bad performance (e.g., frequent fallback) due to improper PUSCH configuration, therefore only optimize PRACH configuration is insufficient for 2step RA optimization.
However, since only preamble transmission resource configuration is included, even though based on fallback indication NW can know there is a fallback detected, NW still cannot figure out the true reasoning lead to failure transmission of PUSCH, e.g., wrong MCS used or improper POs assignment. 
Observation 2: Fallback indication in 2step RA report is insufficient since NW can only know the occurence of fallback, but cannot know how to perform optimization since no PUSCH configuration is available for comparison.
Except for problem detection, another reason to report PSUCH resource is to improve resource efficiency. According to current specs, the PUSCH resource needs to be reserved in advance for MsgA payload transmission which can carries either fixed sized CCCH messages or other UL data available for transmission (e.g., BSR ). If NW can know the actual data transmitted in MsgA payload (i.e., excluding the padding bits), then NW can adjust PUSCH resource reserved to improve the PUSCH resource efficiency.
Observation 3: Except for problem detection, including PUSCH resource configuration in 2step RA report can also improve the resource efficiency since NW can based on actual payload size requirement to adjust the PO resource reserved.

Proposal 1: MsgA PUSCH related information is included in 2step RA report.
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 4: 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 5: 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 6: 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.

Based on above analysis, following proposals are made:
Proposal 2: Include following PUSCH configuration 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,

Offset of lowest PUSCH occasion in frequency domain with respect to PRB 0
The number of msgA PUSCH occasions FDMed in one time instance
Proposal 3: Include the padding size of the transmitted PUSCH payload in 2step RA report.
Other RA content

RA type information

It is ffs whether explicit or implicit RA type information is needed for 2step RA report. For companies support implicit indication, the reason is that NW can based on the RSRP measurement to know which RA type is selected, therefore no need for such indication, so there is no need to duplicate this information, which is reasonable. However, since this RA type information will only need to be included once during whole RA procedure, and only one bit is needed to convey this information, so the signalling overhead is very small. Considering the 2step RA content and 4step RA content are quite different, if NW can know the RA type explicitly, it would be easier for NW to know how to decode the rest of information, so explicit indication is beneficial also for decoding efficiency. Based on above, we are fine to have either explicit or implicit RA type indication, but slightly prefer to have explicit indication, for decoding efficiency consideration.

Observation 7: Explicit indication is beneficial for decoding efficiency consideration, and it will only be included once, so the signalling overhead is bearable.

Proposal 4: Explicit RA type indication is included in RA report once to indicate the RA type selected during initialization part.
RA type switch information

According to current RA procedure, UE can switch from 2step RA to 4step RA entirely after reaches the maximum allowed MsgA transmission time if configured, considering the per RA attempt information can be stored in RA report, therefore NW shall be able to derive the total number of RA attempted by UE, then together with the maximum allowed msgA transmission time (i.e., MsgA-Transmax), NW shall be able to deduce whether RA type has been switched or not, and at which RA attempt it happens. The ambiguous part is whether UE shall also store the maximum allowed msgA transmission time (i.e., MsgA-Transmax) in RA report. For companies support implicit indication, they consider MsgA-Transmax is configured by NW thus this information is naturally available at NW’s side. Such understanding is normally true for cell-specific configuration. However, after checking the ASN.1 design, we notice this information can be configured in UE-specific basis via RACH-ConfigDedicated, therefore it might take much more overhead at NW’s side to store such information, especially considering this information can be reported to NW a period of time after RA has completed. 

Observation 8: MsgA-Transmax can be configured in UE-specific basis via RACH-ConfigureDedicated, therefore it will take more overhead at NW’s side to store such information, especially considering this information might be reported to NW a period of time after RA has completed. 

Moreover, by presence of MsgA-Transmax NW can also knows whether the RA type switch is not performed due to not reaching the configured threshold or because there is no switch is allowed. Based on this information together with the analysis on RA resource contention status and 2stepRA performance, NW can decide whether to configure MsgA-Transmax and which value to be configured. Based on above analysis, we prefer to store the configured MsgA-Transmax in RA report.
Observation 9: Presence of MsgA-Transmax can indicate whether no RA type switch is due to not reaching the configured threshold or because there is no switch allowed ( e.g., by not configuring MsgA-Transmax).
Proposal 5: UE includes MsgA-Transmax if configured explicitly in RA report to assist NW to derive at which RA attempt RA type has switched.
Conclusion and proposals

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

Observation 1: 2step RA will be suffering from bad performance (e.g., frequent fallback) due to improper PUSCH configuration, therefore only optimize PRACH configuration is insufficient for 2step RA optimization.
Observation 2: Fallback indication in 2step RA report is insufficient since NW can only know the occurence of fallback, but cannot know how to perform optimization since no PUSCH configuration is available for comparison.
Observation 3: Except for problem detection, including PUSCH resource configuration in 2step RA report can also improve the resource efficiency since NW can based on actual payload size requirement to adjust the PO resource reserved.

Observation 4: 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.

Observation 5: 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 6: 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. 

Observation 7: Explicit indication is beneficial for decoding efficiency consideration, and it will only be included once, so the signalling overhead is bearable.
Observation 8: MsgA-Transmax can be configured in UE-specific basis via RACH-ConfigureDedicated, therefore it will take more overhead at NW’s side to store such information, especially considering this information might be reported to NW a period of time after RA has completed. 

Observation 9: Presence of MsgA-Transmax can indicate whether no RA type switch is due to not reaching the configured threshold or because there is no switch allowed ( e.g., by not configuring MsgA-Transmax).
Proposal 1: MsgA PUSCH related information is included in 2step RA report.
Proposal 2: Include following PUSCH configuration 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,

Offset of lowest PUSCH occasion in frequency domain with respect to PRB 0
The number of msgA PUSCH occasions FDMed in one time instance
Proposal 3: Include the padding size of the transmitted PUSCH payload in 2step RA report.
Proposal 4: Explicit RA type indication is included in RA report once to indicate the RA type selected during initialization part.
Proposal 5: MsgA-Transmax, if configured, is explicitly included in RA report.
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