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1 Introduction

In last RAN2#116 E-meeting, following agreements have been achieved for 2-step RA [1]: 
Agreements:

1
Including the field msgA-Transmax in RA-InformationCommon IE to indicate RA type switching point in the 2-step RA report.

2
Preamble group optimization for RACH report is not introduced in Rel-17.

3 
Introduce MSGA PUSCH resource related information in 2-step RA report and the details within the following information: the payload size transmitted in MSGA for a 2-step RACH attempt. FFS the detail and how to reduce overhead.

Then in the following email discussion “[Post116-e][887.5][SON/MDT]  Leftover issues on SON”, following proposals are made [2]:
Proposal 13
For the 2-step RA, the UE reports the payload size per RA procedure.
Proposal 14
The payload size is reported as ENUMERATED {noPayload, sizeRange1, sizeRange2, sizeRange3, sizeRange4, sizeRange5, spare1, spare0} wherein each RANGE is known, e.g. hardcoded in the specification. FFS the values for each range.
 

This contribution will further discuss the remaining information that UE needs to report for 2-step RA, especially the information that different information from 4-step RA, e.g., PUSCH related information, as well as some shared resource information with 4-step RA.

2 Discussion 
2.1 PUSCH related information 
One difference between 2-step RA and 4-step RA is that PUSCH resource is assigned for the transmission of msgA payload, and the allocation of the PUSCH resource could also influence the transmission success/failure of msgA. Some companies think that the fallback indication can be used for MSGA PUSCH optimization to a certain extent. However, there could be more than one set of PUSCH configuration are configured, even with fallback indication and the coarse TB size reported, NW still cannot know which sets of PUSCH resource is the problem and within the improper configuration which parameters can be adjusted. 
Observation 1: There could be more than one set PUSCH configuration configured, only report coarse PUSCH TB size cannot help understand which set of PUSCH configuration is improper, and which parameters within the PUSCH configuration requires to be adjusted.
Therefore, the reporting of PUSCH resource information for the 2-step RA is useful for the gNB to optimize the resource allocation for msgA transmission. The detailed information includes:

· F: the MCS index (4 bits)
· G: the number of PRB per PO of the PUSCH resource (5 bits)
· H: the combination of start symbol and length and PUSCH mapping type (4 bits)
· I: offset of lowest PUSCH occasion in frequency domain with respect to PRB 0 (9 bits)
· J: the number of msgA PUSCH occasions FDMed in one time instance (2 bits)
· M: whether MSGA PUSCH was transmitted or not during this RA attempt (at most 200 bits)
As for the signalling overhead, during the phase II of the email discussion “[Post115-e][898][SON/MDT] 2-step RA related SON aspects”, the rapporteur gives the bits consumption of fields that are suggested to be included into 2-step RA report [3]:  
	Field
	Structure 
	Bits consumption

	msgA-MCS
	INTEGER (0..15)
	4 bits

	nrofPRBs-PerMsgA-PO
	INTEGER (1..32)
	5 bits

	msgA-PUSCH-TimeDomainAllocation
	INTEGER (1..maxNrofUL-Allocations)
maxNrofUL-Allocations                   INTEGER ::= 16      -- Maximum number of PUSCH time domain resource allocations.
	4 bits 

	frequencyStartMsgA-PUSCH
	INTEGER (0..maxNrofPhysicalResourceBlocks-1)
maxNrofPhysicalResourceBlocks-1         INTEGER ::= 274     -- Maximum number of PRBs minus 1
	9 bits

	nrofMsgA-PO-FDM
	ENUMERATED {one, two, four, eight}
	2 bits

	whether MSGA PUSCH was transmitted or not during this RA attempt
	Possible structure:
ENUMERATED {true}
	At most 200 bits


Given the bits consumption, around 24 bits are used to report the MSGA PUSCH resource for optimization. In NR-U, for indication of whether MSGA PUSCH was transmitted or not during this RA attempt, at most 200 bits are needed. 

Therefore, except for the NR-U related information, the signalling overhead is acceptable. So, we propose:
Proposal 1: Include following PUSCH resource allocated for msgA in the RA-Report:

· F: the MCS index 
· G: the number of PRB per PO of the PUSCH resource 
· H: the combination of start symbol and length and PUSCH mapping type
· I: offset of lowest PUSCH occasion in frequency domain with respect to PRB 0 
· J: the number of msgA PUSCH occasions FDMed in one time instance
2.2 2-step and 4-step RA shared RO

The ROs could be shared between 2-step RA and 4-step RA, and according to TS 38.331, following 2-step RA parameters that reported in RA-Report will not be configured for shared RO scenarios: 

	msgA-RO-FDM
The number of msgA PRACH transmission occasions Frequency-Division Multiplexed in one time instance. If the field is absent, UE shall use value of msg1-FDM in RACH-ConfigGeneric in the configured BWP (see TS 38.211 [16], clause 6.3.3.2). This field may only be present if no 4-step type RA is configured in the BWP or in the case of separate ROs with 4-step type RA.

	msgA-RO-FrequencyStart
Offset of lowest PRACH transmissions occasion in frequency domain with respect to PRB 0. If the field is absent, UE shall use value of msg1-FrequencyStart in RACH-ConfigGeneric in the configured BWP (see TS 38.211 [16], clauses 5.3.2 and 6.3.3.2). This field may only be present if no 4-step type RA is configured in the BWP or in the case of separate ROs with 4-step type RA.


Also for MsgA-subcarrierSpacing it will only presented when only 2step RA resource is configured in the BWP, otherwise the SCS configured in RACH-ConfigCommon applies. The field description of MsgA-SubcarrierSpacing is given in below:

	msgA-SubcarrierSpacing

Subcarrier spacing of PRACH (see TS 38.211 [16], clause 5.3.2). Only the values 15 or 30 kHz (FR1), and 60 or 120 kHz (FR2) are applicable. The field is only present in case of 2-step only BWP, otherwise the UE applies the SCS as derived from the msg1-SubcarrierSpacing in RACH-ConfigCommon. The value also applies to contention free 2-step random access type (RACH-ConfigDedicated).


Observation 2: msgA-RO-FDM,msgA-RO-FrequencyStart and msgA-SubcarrierSpacing is optionally presented in when 2step RA is used. When absent Msg1-RO-FDM, msg1-RO-FrequencyStart and Msg1-SubcarrierSpacing as configured in RACH-Configcommon applied.
To avoid duplicated information to be reported in RA-report, clarification on how UE included MsgA resource information shall be clarified. Shown below is the TP captured in running CR R2-2200004:

----------------------------------------------------------- From running CR ----------------------------------------------------------

5.7.10.5
RA information determination for RA report and RLF report

The UE shall set the content in ra-InformationCommon as follows:

1>
set the absoluteFrequencyPointA to indicate the absolute frequency of the reference resource block associated to the random-access resources used in the random-access procedure;

1>
set the locationAndBandwidth and subcarrierSpacing associated to the UL BWP of the random-access resources used in the random-access procedure;

1>
set the msg1-FrequencyStart, msg1-FDM and msg1-SubcarrierSpacing associated to the contention based 4 step random-access resources if used in the random-access procedure;

1>
set the msg1-FrequencyStartCFRA, msg1-FDMCFRA and msg1-SubcarrierSpacingCFRA associated to the 4 step contention free random-access resources if used in the random-access procedure;
1>
set the msgA-RO-FrequencyStart, msgA-RO-FDM and msgA-SubcarrierSpacing associated with the contention based 2 step random access resources if used in the random-access procedure;

1>
set the msgA-RO-FrequencyStartCFRA, msgA-RO-FDMCFRA and msgA-SubcarrierSpacingCFRA associated with the 2 step contention free random access resources if used in the random-access procedure;

Editor’s Note: FFS if the overhead can be reduced in some scenarios.
1>
if the random access procedure is initialized with RA_TYPE set to 2-stepRA as described in TS 38.321 [3]:

2>
set the dlPathlossRSRP to the measeured RSRP of the DL pathloss reference obtained at the time of RA_Type selection stage of the initialization of the RA procedure as captured in TS 38.321 [3];

2>
if the configuration for the random access msgA-TransMax was configured in RACH-ConfigDedicated for this random access procedure:

3>
set msgA-TransMax to the value of msgA-TransMax in RACH-ConfigDedicated;
2>
else if msgA-TransMax was configured in RACH-ConfigCommonTwoStepRA:

3>
set msgA-TransMax to the value of msgA-TransMax in RACH-ConfigCommonTwoStepRA;
----------------------------------------------------------- From running CR ----------------------------------------------------------
According to above described behavior, how to understand msgA-RO-FrequencyStart, msgA-RO-FDM and msgA-SubcarrierSpacing associated with the contention based/contention free 2 step random access resources as well as UE’s behavior on inclusion the RA resource content in RA-report requires further clarification.
One understanding is that UE always includes MsgA-FDM/MsgA-FrequencyStart/MsgA-subcarriereSpacing or  MsgA-FDM/MsgA-FrequencyCFRA in RA-report when 2stepRA type is selected, For example,  in case of shared RO UE will set MsgA-FDM/MsgA-FrequencyStart with the value of Msg1-FDM/Msg-FrequencyStart. For this understanding, additional information will be required to help NW understand the whether RO is shared or not. Also in this case, UE might include redundant information when switching RA-TYPE to 4stepRA due to reach maximum allowable MsgA transmission time configured.
Another understanding is that UE will includes the parameters of used RA resource that is configured. That is in case of shared RO, UE will simply include Msg1-FDM/Msg1-FrequencyStart configured for the used RA resource in RA report. With this understanding, NW can easily derive whether shared/separated RO is used based on the RA-type information (e.g.,implicitly indicated with dlPathlossRSRP) and the presence of either {Msg1-FDM/Msg1-SubcarrierSpacing} or {MsgA-FDM/MsgA-SubcarrierSpacing}, no explicit indication will be required, also not redundant RA resource  information will be reported when UE switches to 4step RA RA-type.

Therefore, it is proposed that in current running CR the implied UE behavior is that UE will include the parameters of used RA resource that is configured in corresponding RACH configuration (e.g., Msg1-FDM/Msg1-FrequencyStart is included for 2stepRA if shared RO is used)

The same logic also applies to msgA-RO-FrequencyStartCFRA, msgA-RO-FDMCFRA and msgA-SubcarrierSpacingCFRA, based on existing specs it is possible msgA-RO-FrequencyStart/msgA-RO-FDM and msgA-SubcarrierSpacing will not be configured for CFRA 2Step RA and UE will reuse that is configured for CB 2step RA. To avoid redundant if both CBRA and CFRA is used and the RO is the same then UE only need to include one set of parameters that is configured in RACH configuration.
Proposal 2: Confirm that when setting RA resource information in RA report, UE only include the parameters of RA resource that is configured in corresponding RACH configuration and used in the RA procedure (e.g., Msg1-FDM/Msg1-FrequencyStart is included for 2stepRA if shared RO is used).

Different from MsgA-Subcarrier, the detailed inclusion condition for MsgA-FDM/MsgA-FrequencyStart in the field description is missing which makes specs unclear. Therefore, it is also proposed to add inclusion condition for MsgA-FDM/MsgA-FrequencyStart.

Observation 3: Inclusion condition of MsgA-FDM/MsgA-FrequencyStart is missing in field description which makes specs ambiguous.

An TP capturing above changes are provided in Annex 1, it is proposed to adopt the TP provided. 

Proposal 3: It is proposed to adopt the TP provided. 

3 Conclusions

In this contribution, we address the potential 2-step RA related report information and made following observations and proposals:
Observation 1: There could be more than one set PUSCH configuration configured, only report coarse PUSCH TB size cannot help understand which set of PUSCH configuration is improper, and which parameters within the PUSCH configuration requires to be adjusted.
Proposal 1: Include following PUSCH resource allocated for msgA in the RA-Report:

· F: the MCS index 
· G: the number of PRB per PO of the PUSCH resource 
· H: the combination of start symbol and length and PUSCH mapping type
· I: offset of lowest PUSCH occasion in frequency domain with respect to PRB 0 
· J: the number of msgA PUSCH occasions FDMed in one time instance
Observation 2: msgA-RO-FDM,msgA-RO-FrequencyStart and msgA-SubcarrierSpacing is optionally presented in when 2step RA is used. When absent Msg1-RO-FDM, msg1-RO-FrequencyStart and Msg1-SubcarrierSpacing as configured in RACH-Configcommon applied.

Observation 3: Inclusion condition of MsgA-FDM and MsgA-FrequencyStart is missing in field descriptions, which makes specs ambiguous.
Proposal 2: Confirm that when setting RA resource information in RA report, UE only include the parameters of RA resource that is configured in corresponding RACH configuration and used in the RA procedure (e.g., Msg1-FDM/Msg1-FrequencyStart is included for 2stepRA if shared RO is used).

Proposal 3: It is proposed to adopt the TP provided. 
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5 Annex TP for RA report
5.7.10.5
RA information determination for RA report and RLF report

The UE shall set the content in ra-InformationCommon as follows:

1>
set the absoluteFrequencyPointA to indicate the absolute frequency of the reference resource block associated to the random-access resources used in the random-access procedure;

1>
set the locationAndBandwidth and subcarrierSpacing associated to the UL BWP of the random-access resources used in the random-access procedure;

1>
set the msg1-FrequencyStart, msg1-FDM and msg1-SubcarrierSpacing associated to the contention based 4 step random-access resources if configured and used in the random-access procedure;

1>
set the msg1-FrequencyStartCFRA, msg1-FDMCFRA and msg1-SubcarrierSpacingCFRA associated to the 4 step contention free random-access resources if configured and used in the random-access procedure;
1>
set the msgA-RO-FrequencyStart, msgA-RO-FDM and msgA-SubcarrierSpacing associated with the contention based 2 step random access resources if configured and used in the random-access procedure;

1>
set the msgA-RO-FrequencyStartCFRA, msgA-RO-FDMCFRA and msgA-SubcarrierSpacingCFRA associated with the 2 step contention free random access resources if configured and  used in the random-access procedure;

Editor’s Note: FFS if the overhead can be reduced in some scenarios.
1>
if the random access procedure is initialized with RA_TYPE set to 2-stepRA as described in TS 38.321 [3]:

2>
set the dlPathlossRSRP to the measeured RSRP of the DL pathloss reference obtained at the time of RA_Type selection stage of the initialization of the RA procedure as captured in TS 38.321 [3];

2>
if the configuration for the random access msgA-TransMax was configured in RACH-ConfigDedicated for this random access procedure:

3>
set msgA-TransMax to the value of msgA-TransMax in RACH-ConfigDedicated;
2>
else if msgA-TransMax was configured in RACH-ConfigCommonTwoStepRA:

3>
set msgA-TransMax to the value of msgA-TransMax in RACH-ConfigCommonTwoStepRA;
1>
if the purpose of the random access procedure is to request on-demand system information (i.e. if the raPurpose is set to requestForOtherSI or msg3RequestForOtherSI), and if the on-demand system information acquisition procedure was not successful:

2>
set the intendedSIBs to indicate the SIB(s) the UE wanted to receive as a result of the SI request;

2>
set the ssbsForSI-Acquisition to indicate the SSB(s) used to receive the SI message;
<unrelated part omitted>

	RA-Report field descriptions

	absoluteFrequencyPointA

This field indicates the absolute frequency position of the reference resource block (Common RB 0).

	cellID

This field indicates the CGI of the cell in which the associated random access procedure was performed.

	contentionDetected

This field is used to indicate that contention was detected for the transmitted preamble in the given random access attempt or not. This field is not included when the UE performs random access attempt is using contention free random-access resources or when the raPurpose is set to requestForOtherSI or when the RA attempt is a 2-step RA attempt and fallback to 4-step RA did not occur (i.e. fallbackToFourStepRA is not included or is set to false).

	csi-RS-Index, csi-RS-Index-v1660

This field is used to indicate the CSI-RS index corresponding to the random access attempt.

If the random access procedure is for beam failure recovery, the field indicates the NZP-CSI-RS-ResourceId. For CSI-RS index larger than maxNrofCSI-RS-ResourcesRRM-1, the index value is the sum of csi-RS-Index (without suffix) and csi-RS-Index-v1660.

	dlPathlossRSRP

Measeured RSRP of the DL pathloss reference obtained at the time of RA_Type selection stage of the RA procedure as captured in TS 38.321 [3].

	dlRSRPAboveThreshold

In 4 step random access procedure, this field is used to indicate whether the DL beam (SSB) quality associated to the random access attempt was above or below the threshold rsrp-ThresholdSSB in beamFailureRecoveryConfig in UL BWP configuration of UL BWP selected for random access procedure initiated for beam failure recovery; Otherwise, rsrp-ThresholdSSB in rach-ConfigCommon in UL BWP configuration of UL BWP selected for random access procedure.

In 2 step random access procedure, this field is used to indicate whether the DL beam (SSB) quality associated to the random access attempt was above or below the threshold msgA-RSRP-ThresholdSSB in rach-ConfigCommonTwoStepRA in UL BWP configuration of UL BWP selected for random access procedure.

	fallbackToFourStepRA

This field indicates if a fallback indication in MsgB is received (according to TS 38.321 [3]) for the 2-step random access attempt.

	intendedSIBs

This field indicates the SIB(s) the UE wanted to receive as a result of the on demand SI request (when the RA procedure is a used as a SI request) initated by the UE. That is, it indicates the one(s) of the SIB(s) in the SI message(s) requested to be broadcast that the UE was interested in.

	locationAndBandwidth

Frequency domain location and bandwidth of the bandwidth part associated to the random-access resources used by the UE.

	msgA-PUSCH-PayloadSize

This field indicates the size of the MsgA PUSCH payload.

Editor’s Note: How to encode msgA-PUSCH-PayloadSize is an FFS. Currently it is provided as an ENUM but this is just is not the final outcome on this topic as we already have an FFS in chair’s notes.

	msgA-RO-FDM

This field indicates the number of msgA PRACH transmission occasions Frequency-Division Multiplexed in one time instance.This field is only  present when msgA-RO-FDM
in RACH-ConfigCommonTwoStepRA  is configured and the corresponding RA resource is used 

	msgA-RO-FDMCFRA

This field indicates the number of msgA PRACH transmission occasions Frequency-Division Multiplexed in one time instance for the PRACH resources configured for 2-step CFRA.This field is only  present when msgA-RO-FDM in RACH-ConfigDedicated  is configured and the corresponding RA resource is used .

	msgA-RO-FrequencyStart

This field indicates the lowest resource block of the contention based random-access resources for 2-step RA used in the random-access procedure in the form of the offset of the lowest PRACH transmissions occasion with respect to PRB 0 in the frequency domain. This field is only  present when msgA-RO-FrequencyStart
in RACH-ConfigCommonTwoStepRA  is configured and the corresponding RA resource is used 

	msgA-RO-FrequencyStartCFRA

This field indicates the lowest resource block of the contention based random-access resources for the 2-step CFRA attempts in the random-access procedure. The indication has the form of the offset of the lowest PRACH transmissions occasion with respect to PRB 0 in the frequency domain. This field is only  present when msgA-RO-FrequencyStart in RACH-ConfigDedicated  is configured and the corresponding RA resource is used .

	msgA-SubcarrierSpacing

This field indicates the subcarrier spacing of PRACH in the BWP used for the 2-step RA procedure (see TS 38.211 [16], clause 5.3.2). The field is present only if 2-step RA is supported in the BWP. Otherwise, if both 2-step RA and 4-step RA are supported in the BWP, msg1-SubcarrierSpacing indicates the subcarrier spacing of PRACH for both 2-step RA and 4-step RA.

Editor´s note: Since there is no way to configure a MsgA subcarrier spacing specifically for 2-step CFRA, the MsgA subcarrier spacing configured for 2-step CBRA will be used also for 2-step CFRA, which in practice makes msgA-SubcarrierSpacingCFRA redundant in the RA-Report. 
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