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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]In RAN2#111 e-meeting, it has been agreed to introduce new logged contents for 2-step RA in:
· RA report
· RLF report
· CEF report
In this contribution, we analyze the contents of 2-step RACH report, and the detailed design of signaling and information elements are also provided.
Discussion
[bookmark: _Hlk53928876]4-step RACH report for SON has been captured in Rel-16. Each successfully completed RACH procedure is stored in the RA-Report as an entry. The RA-ReportList can consist of up to 8 RA-Report. Considering the introduction of 2-step RACH, UE may perform either 2-step RA or 4-step RA in each procedure. Obviously, the information associated with 2-step RA should also be included in the RACH report list.
[bookmark: _Toc53934484]2-step RA information and 4-step RA information are stored in different entries in the same RA-ReportList.  2-step RA information is included in RA-ReportList also. 
For 4-step RA, the contents stored in each entry embodies the following information:
· CellID of the cell in which the random-access procedure was performed.
· The purpose of triggering the random-access procedure.
· BWP information where the RACH was performed, i.e. locationAndBandwidth, subcarrierSpacing, absoluteFrequencyPointA.
· RA resource information, i.e. FrequencyStart, msg1-SubcarrierSpacing, msg1-FDM.
· Indexes of SSBs/CSI-RS and the number of RACH preambles sent on each tried SSB/CSI-RS listed in chronological order of attempts.
· Contention detection indication per RACH attempt.
· Indication whether the selected SSB is above or below the rsrp-ThresholdSSB per RACH attempt.

The details are reflected in ra-InformationCommon as defined in TS 38.331[1]:
RA-Report-r16 ::=                    SEQUENCE {
    cellId-r16                           CGI-Info-Logging-r16,
    ra-InformationCommon-r16             RA-InformationCommon-r16,
    raPurpose-r16                        ENUMERATED {…} 

The contents recorded for the RACH procedure of different types would be different, e.g., unique features of 2-step RA are only needed in 2-step RA reports. There are two options on table right now, as indicated as follows:
· Option 1: a new field, quoted as ra-InformationCommnon-2step, is defined dedicatedly for 2-step RACH 
· Option 2: 2-step RA related information is included in ra-InformationCommon-r16



Obviously, if ra-InformationCommnon-2step can be introduced, the change of the format of ra-InformationCommnon can be avoided. But we are OK if majority companies would like to go for Option 2. Note that regardless option 1 or option2, only when 2-step RACH was performed during the successfully completed RACH procedure, 2-step RACH related information shall be included in the RACH report.

Proposal 2: RAN2 to discuss which option shall be selected to introduce 2-step RACH related information in RACH report for SON purpose.
· A new field, quoted as ra-InformationCommnon-2step, is defined dedicatedly for 2-step RACH 
· 2-step RA related information is included in ra-InformationCommon-r16


For RACH information associated with 2-step RA, we can basically take 4-step RA report as baseline, such as including cellID, ra-purpose, BWP and RACH resource parameters.
[bookmark: _Toc53934486]The following information should be at least included in the RACH report associated with 2-step RA.
[bookmark: _Toc53934487]1. CellID
[bookmark: _Toc53934488]2. ra-Purpose
[bookmark: _Toc53934489]3. BWP information
[bookmark: _Toc53934490]4. RACH resource information
[bookmark: _Toc53934491]5. SSB index and number of RACH preambles sent on each tried SSB
6. Contention resolution indication per RA attempt
[bookmark: _Toc53934493]7. Beam quality
In 2-step RACH procedure, after the transmission of MsgA, the responses received by UE can be one of the followings:

· UE receives MsgB with fallback indication and performs Msg3 transmission. 
· UE receives MsgB with successRAR indicating the success of contention resolution.
· UE receives MsgB with successRAR indicating the failure of contention resolution.
UE would receive fallback indication if MsgA payload is not successfully decoded by gNB. Frequent fallback may reflect that there are problems on PUSCH resources, i.e. bad radio link condition or interference among UEs. To reflect the different responses received by the UE in a 2-step RACH attempt, fallback indicator might need to be introduced other than the contention detection indicator, based on which optimization of 2-step RACH resource configuration can be made by network.
If the RACH procedure is not completed after the maximum number of MsgA transmissions, the UE can be configured to switch to CBRA with 4-step RA type. In this case, a complete RACH procedure is composed of both 2-step RA and 4-step RA. This RACH type switching case can be indicated to inform the network that there is a problem in performing 2-step RA. If Option 1: introduction of ra-InformationCommnon-2step is applied,  the switching could be indicated implicitly by the presence of ra-InformationCommnon-2step in the RA-Report-r16 IE. Otherwise, if option 2: further extension of the definition of ra-InformationCommon-r16 IE is applied, then explicit switch indication might be needed for the initial attempt for 2-step RACH. 
[bookmark: _Toc53934494]Fallback and RACH type switching shall be reflected in 2-step RA procedure.
[bookmark: _Toc53934495]Introduce a fallback indication in PerRAAttemptInfo-r16 IE.
Explicit RACH type switch indicator shall be introduced when ra-InformationCommon-r16 IE is agreed to be further extended to include the 2-step RACH related information.

[bookmark: _Toc53934498]UE selects the type of random access at initiation of the random access procedure based on network configuration. UE shall use 2-step RA procedure if the RSRP is above the configured threshold. Note that 2-step RACH procedure is required to be performed only when the UL transmission condition is good. The transmission condition is considered to be satisfied when UE exhibits a downlink RSRP higher than msgA-RSRP. The threshold is potentially determined by OAM in initial deployment stage. There is a risk that the distributions of UEs in the range of 2-step RA type and 4-step RA type are imbalanced. If the threshold is set improperly, which leads to the result that one group of UE, either performing 2-step or 4-step RACH are encountered with much more RACH collisions and access latency than the other group. To optimize the setting of the threshold at the network side, the measured DL RSRP obtained just before performing RACH procedure can be considered to be included in RA report.
[bookmark: _Toc53934499]Include the measured DL RSRP obtained just before performing RACH procedure  in RA report, which can be used to optimize the RSRP threshold for RACH type selection.
[bookmark: _Toc53934500]Since 2-step RA info to be included in RLF report, CEF report and RA report is generally similar. We can prioritise the discussion on RA-Report enhancements, and further takeit as baseline for RLF report and CEF report.
[bookmark: _Toc53934501][bookmark: _GoBack]2-step RA info to be included in RLF report and CEF report can take RA-Report as baseline.
Conclusion
We have the following proposals:
Proposal 1	2-step RA information and 4-step RA information are stored in different entries in the same RA-ReportList.
Proposal 2	Introduce a new field for 2-step RACH common information as that for 4-step RACH, i.e. ra-InformationCommnon-2step.
Proposal 3	The following information should be at least included in the RACH report associated with 2-step RA.
1. CellID
2. ra-Purpose
3. BWP information
4. RACH resource information
5. SSB index and number of RACH preambles sent on each tried SSB
6. Contention resolution indication per RA attempt
7. Beam quality
Proposal 4	Fallback and RACH type switching shall be reflected in 2-step RA procedure.
Proposal 5	Introduce a fallback indication in per RA attempt.
Proposal 6	For RACH type switching, 2-step RA info and 4-step RA info are stored separately, in which way the switching is implicitly indicated.
Proposal 7	Include the measured DL RSRP, which can be used to optimize the RSRP threshold for RACH type selection.
Proposal 8	2-step RA info included in RLF report and CEF report can take RA-Report as baseline.
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[1] [bookmark: _Ref54172979]3GPP TS 38.331 “Radio Resource Control (RRC) protocol specification”.
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