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Introduction

In last meeting, following agreements have been agreed for 2step RA enhancements:
	Agreements RAN2#113bis-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.‎”


It is ffs on the signalling structure of 2step RA report as well as the potential content needed for 2step RA optimization, which will be further discussed in this contribution. Also we have discussed the SgNB RA report as request by RAN3, but no conclusions have been made, and we also intend to share some understanding from our perspective in this aspects.
Discussion
 2-step RA report 
2step RA content
PUSCH information
In our understanding, 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. 

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 1: Bad 2step RA performance can be a result of improper preamble resource configuration or PUSCH transmission resource configuration.

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 1-1:MsgA PUSCH related information can be considered in 2step RA report to assist optimizing 2step RA configuration.
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.
Proposal 1: 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
Based on the outcome of offline[802] on 2stepRA and SON enhancements [2], it is ffs whether RA type information and RA type switch information shall be explicitly included or implicitly included.
RA type information

Firstly, on RA type information, 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: Either explicit or implicit RA type indication is feasible, but explicit indication is beneficial for decoding efficiency consideration, and it will only be included once, so the signalling overhead is bearable.

Proposal 2: 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. Based on above analysis, we changed our mind and prefer to store the configured MsgA-Transmax in RA report.

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 can be reported to NW a period of time after RA has completed. 
Proposal 3: UE includes MsgA-Transmax if configured explicitly in RA report to assist NW to derive the RA type switch information.
Signalling model

It is ffs last meeting whether RA type shall be included explicitly or implicitly, and ffs how the informato
The reasoning not to have explicit RA type is that NW can based on the RSRP measurement included in , which is true. However, considering different RA content might be included ,also this information can be only included once in the RA report,

Also it is ffs 
 Generally there could be four different alternatives:

Alt1: One RA entry for one RA procedure, and the same IE (RA-InformationCommon) to include both 2step RA and 4step RA information in one RA entry; 

Alt2: One RA entry for one RA procedure, but separate IEs, e.g., RA-InformationCommon and RA-InformationCommon2step for 2step RA and 4step RA respectively (implies different perRAInfoList)

Alt3: Separate RA entry for 2step RA information and 4step RA information even they belongs to the same RA procedure.

Alt4: Independent RA report for 2step RA, i.e., different variables for 2step RA report and 4step RA report
Observation 9: There are four alternatives as shown below can be used to for 2step RA report:

Alt1: One RA entry for one RA procedure, and the same IE (RA-InformationCommon) to include both 2step RA and 4step RA information in one RA entry; 

Alt2: One RA entry for one RA procedure, but separate IEs, e.g., RA-InformationCommon and RA-InformationCommon2step for 2step RA and 4step RA respectively (implies different perRAInfoList)

Alt3: Separate RA entry for 2step RA information and 4step RA information even they belongs to the same RA procedure.

Alt4: Independent RA report for 2step RA, i.e., different variables for 2step RA report and 4step RA report
With alt 1, both 2step and 4step RA information of one complete RA procedure is included in one RA entry, which is beneficial for NW to deduce additional information, e.g., beam switch pattern, power ramping condition, RA type switch and etc. It is also more aligned to the RA procedure design since the 2step and 4step RA attempt of one RA procedure share the same counter for power ramping and the same counter for RA attempt counting. Moreover, alt1 allows reusing most of the design in R16 RA report, which is simpler from report structure design point of view and has less specs impact.  
Observation 10: Alt 1, e.g., using the same RA-InformationCommon IE to includes both 2step RA information and 4step RA information within the same 2step RA procedure is aligned with current 2step RA procedure design and can reuse most of the 4step RA design which has less specs impact. 

Also, based on current specs, UE won’t switch BWP during one complete RA procedure, therefore to use the same RA-InformationCommon IE to store both 2step RA information and 4step RA information could save some UE memory since more RA information, e.g., BWP related frequency information can be reused. 
Observation 11: Alt1 requires less UE memory since some of the RA information, e.g., BWP related frequency information can be reused for the 2step RA attempt information and 4step RA information attempted.
Alt2 is similar to alt1, the difference is that for alt2 different IE is used to store 2step RA and 4step, therefore the RA type can be implicitly indicated by the presence of 2step RA IE. The same as alt1, most of R16 RA report design can be reused for alt2, therefore the specs impact is limited. However, according to current specs, it is possible UE might always attempt 2step RA in one RA procedure when max allowed 2step RA attempt time is not configured, therefore UE needs to reserved the same amount of space in UE memory as 4step for storing 2step RA related information from ASN.1 point of view, which results in doubling the storage needed for RA report. Also alt 2 will require UE to duplicate the BWP related information used for one RA procedure, which also leads to additional signalling overhead.
Observation 12: Alt2 results in doubling the UE storage needed for RA report since the same amount of RA space (up to 200 RA attempt) will be needed to be reserved for 2step RA IE and 4step RA IE respectively. Also, some RA information, e.g, the BWP related information will be unnecessary reported twice which also leads to additional signalling overhead.
Alt3 has more impact on specs comparing to alt1 and alt2. For example, extra complexity will needs to be considered if there is only one RA entry remains while the last RA procedure requires two entry to store 2step RA and 4step RA information separately. For alt3, additional information is needed to link the 2step and 4step RA information of the same RA procedure. Also the number of RA procedure can be stored might be decreased since for RA procedure with RA type switch two entries will be needed. UE memory will also needs to be doubled if we want to support the same amount of RA procedure as in R16 considering the extreme case where all RA procedure stored involves both 2step and 4step RA attempts.

Observation 13: Alt3 has large specs impact and extra complexity since additional information is needed to identify the relationship between two RA entry, .e.g., whether they are within the same RA procedure. Also, it might double the UE memory if the same amount of RA procedure as in R16 is supported in 2stepRA report.

Alt4 has the largest specs impact among all the alternatives, and has least support. Comparing to other alternatives, alt 4 has no obvious gain, but additional work will be needed to discuss the RA report signalling, e.g., whether separate signalling is needed or not. Similar to alternative 3, the UE memory will be needed to doubled if we want to support the same amount of RA report entry as in 4step. Since we already have alternatives that can satisfy the 2step RA report requirement and reuse most of current RA design at the same time, it is prefer not to go with alt4 . 

Observation 14: Alt4 has largest specs impact with no obvious gain comparing to other alternatives. Yet, additional work will be needed to discuss the RA report signalling, e.g., whether separate signalling is needed or not. 
Table 1 Comparison of alternatives for 2step RA report
	
	Structure complexity
	Specs impact
	UE memory

	Alt1
	(
	(
	(

	Alt2
	(
	(
	(

	Alt3
	(
	(
	(

	Alt4
	(
	(
	(


Based on above analysis, a simple comparison among 4 alternatives is given in the Table 1. It can be observed from the table that alt1 has simpler structure design with less specs impact, other than additional space required for new information introduced, there is no additional requirement on UE’s memory. It is proposed to adopt alt1 for R17 RA report design.  

Proposal 4: It is proposed to use one RA entry for one RA procedure, and the same IE (RA-InformationCommon) in the RA entry to include both 2step RA and 4step RA information of the same RA procedure.
SgNB RA report

In last meeting SgNB RA report have been discussed based on [2] yet no conclusion have been made. SgNB report involves following DC scenarios, (NG)EN-DC and NR-DC.

For NR-DC, both MN and SN is gNB, the RA report procedure part as defined in 38.331 applies. UE will store RA information of a successful RA procedure if the RA report and PLMN lists of VarRA-Report is not full regardless the successful RA procedure occurs in MN or SN. Therefore both successful RA information of gNB and SgNB can be stored in R16 RA report, in another words, there is no restriction on current specs to prevent UE from storing RA report of SgNB. If we want to separate the RA report from MN and SN in NR-DC case, then we need to change the existing behavior, which will have more spec impact.
Observation 15: For NR-DC, R16 RA report already supports storing both the RA report from MN and SN, and report the complete RA report to MN.

Proposal 5: For NR-DC, SgNB RA report is submitted to MN in UEInformationResponse, i.e., no need to update the specs.
For (NG)EN-DC, where the MN is eNB and SN is gNB, currently there are no signalling design can support report of SgNB RA report, and there are two alternatives proposed:

Alt1: UE report SgNB RA report to MN in a container through UEInformationResponse
Alt2：UE report SgNB RA report through inter-node message ULInformationTransferMRDC 
If alt1 is used, then SgNB RA report will be included in LTE UEInformationResponse using NR-RRC container and submitted to MN, then MN can forward the SgNB RA report to SN, which will require update of LTE specs.

For alternative 2, ULInformationTransferMRDC is used. Normally ULInformationTransferMRDC is used to deliver SN dedicated message/measurements to MN by including SN related message in a container embedded in MN-RRC message. Therefore, if alt2 is used, then SgNB RA report will also be submitted to MN in a NR-RRC container embed in LET RRC message ULInformationTransferMRDC, which will require update of NR RRC specs. 

Observation 16: Both ULInformationTransferMRDC and UEInformationResponce allows UE to report SN RA report to MN as a container embedded in EUTRA RRC message in (NG)EN-DC, the difference is which specs to modify (e.g., LTE specs or NR specs).
It can be concluded from above analysis, for either options, UE will report SgNB RA report to MN by including the SgNB RA report in a NR container embedded in a LTE RRC message, the only difference is which specs to capture the change, NR or LTE. Currently the reporting of SN message in ULInformationTransferMRDC is event driven, e.g., UE can report FailureInformation through ULInformationTransferMRDC when failure is detected without NW request, considering SgNB RA report is used for RA optimization, there is no need for UE to report SgNB RA report if no request is received from NW. Therefore to support transmission of SgNB RA report through ULInformationTransferMRDC, additional specs update is needed to support the request and response procedure. Considering the overall specs impact, we prefer to use UEInformationResponse to convey SgNB RA report.

Observation 17: Currently RA report is upon request from NW while there is no request-report procedure defined for ULInformationTransferMRDC, therefore using ULInformationTransferMRDC requires more specs change, which is less preferred.
Proposal 6: For (NG)EN-DC, UE report SgNB RA report to MN using UEInformationResponse information, by including SgNB RA report in NR container.
Conclusion and proposals

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

2step RA report
Observation 1: Bad 2step RA performance can be a result of improper preamble resource configuration or PUSCH transmission resource configuration.

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. 

Proposal 1-1:MsgA PUSCH related information can be considered in 2step RA report to assist optimizing 2step RA configuration.
Proposal 1-2: 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
Observation 7: Either explicit or implicit RA type indication is feasible, but explicit indication is beneficial for decoding efficiency consideration, and it will only be included once, so the signalling overhead is bearable.

Proposal 2: Explicit RA type indication is included in RA report once to indicate the RA type selected during initialization part.
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 can be reported to NW a period of time after RA has completed. 
Proposal 3: UE includes MsgA-Transmax if configured explicitly in RA report to assist NW to derive the RA type switch information.
Observation 9: There are four alternatives as shown below can be used to for 2step RA report:

Alt1: One RA entry for one RA procedure, and the same IE (RA-InformationCommon) and includes both 2step RA and 4step RA information in one RA entry; 

Alt2: One RA entry for one RA procedure, but separate IE for 2step RA ( RA-InformationCommonTwoStep) and 4step RA (RA-InformationCommon)

Alt3: Separate RA entry for 2step RA and 4step RA even they are of one RA report.

Alt4: Independent RA report for 2step RA 
Observation 10: Alt 1, e.g., using the same RA-InformationCommon IE to includes both 2step RA information and 4step RA information within the same 2step RA procedure is aligned with current 2step RA procedure design and can reuse most of the 4step RA design which has less specs impact. 

Observation 11: Alt1 requires less UE memory since some of the RA information, e.g., BWP related frequency information can be reused for the 2step RA attempt information and 4step RA information attempted.
Observation 12: Alt2 results in doubling the UE storage needed for RA report since the same amount of RA space (up to 200 RA attempt) will be needed to be reserved for 2step RA IE and 4step RA IE respectively. Also, some RA information, e.g, the BWP related information will be unnecessary reported twice which also leads to additional signalling overhead.

Observation 13: Alt3 has large specs impact and extra complexity since additional information is needed to identify the relationship between two RA entry, .e.g., whether they are within the same RA procedure. Also, it might double the UE memory if the same amount of RA procedure as in R16 is supported in 2stepRA report. 

Observation 14: Alt4 has largest specs impact with no obvious gain comparing to other alternatives. Yet, additional work will be needed to discuss the RA report signalling, e.g., whether separate signalling is needed or not. 

Following table concludes the simple comparison among the four alternative proposed in this section:
Table 1 Comparison of alternatives for 2step RA report
	
	Structure complexity
	Specs impact
	UE memory

	Alt1
	(
	(
	(

	Alt2
	(
	(
	(

	Alt3
	(
	(
	(

	Alt4
	(
	(
	(


Proposal 4: It is proposed to use one RA entry for one RA procedure, and the same IE (RA-InformationCommon) in the RA entry to include both 2step RA and 4step RA information of the same RA procedure.
SgNB RA report

Observation 15: For NR-DC, R16 RA report already supports storing both the RA report from MN and SN, and report the complete RA report to MN.

Proposal 5: For NR-DC, SgNB RA report is submitted to MN in UEInformationResponse, i.e., no need to update the specs.
Observation 16: Both ULInformationTransferMRDC and UEInformationResponce allows UE to report SN RA report to MN as a container embedded in EUTRA RRC message in (NG)EN-DC, the difference is which specs to modify (e.g., LTE specs or NR specs).
Observation 17: Currently RA report is upon request from NW while there is no request-report procedure defined for ULInformationTransferMRDC, therefore using ULInformationTransferMRDC requires more specs change, which is less preferred.
Proposal 6: For (NG)EN-DC, UE report SgNB RA report to MN using UEInformationResponse information, by including SgNB RA report in NR container.
All proposals are summarized as follows for fast reference:
2-step RA report
Proposal 1-1:MsgA PUSCH related information can be considered in 2step RA report to assist optimizing 2step RA configuration.
Proposal 1-2: 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
Proposal 2: Explicit RA type indication is included in RA report once to indicate the RA type selected during initialization part.
Proposal 3: UE includes MsgA-Transmax if configured explicitly in RA report to assist NW to derive the RA type switch information.
Proposal 4: It is proposed to use one RA entry for one RA procedure, and the same IE (RA-InformationCommon) in the RA entry to include both 2step RA and 4step RA information of the same RA procedure.
SgNB RA report

Proposal 5: For NR-DC, SgNB RA report is submitted to MN in UEInformationResponse, i.e., no need to update the specs.
Proposal 6: For (NG)EN-DC, UE report SgNB RA report to MN using UEInformationResponse information as defined in TS 36.331, by including SgNB RA report in NR container.
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