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1. Introduction
At the last RAN2 meeting, the following agreements were made [1].

Agreements:

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.
Agreements:

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

In this paper, we are to discuss more details of the content and the structure for 2-step RA.
2. Discussion
2-step RA is a new feature introduced in R16 and here is a background.
· When CFRA resources are not configured, a configured RSRP threshold (i.e. msgA-RSRP-Threshold-r16) is used by the UE to select between 2-step RA type and 4-step RA type, i.e. if there is any beam whose quality is higher than msgA-RSRP-Threshold-r16, the UE performs 2-step CBRA until the number of MSGA transmissions is up to the configured maximum MSGA transmission number (i.e.msgA-TransMax) before RACH is successful, otherwise the UE performs 4-step RACH. Within all the 2-step CBRA attempts, the quality of each selected beam may be higher or lower than msgA-RSRP-Threshold-r16 since the UE prioritises selecting one beam whose quality is higher than msgA-RSRP-Threshold-r16 to perform 2-step CBRA; if the RACH attempt is not successful and the number of MSGA transmission is not up to msgA-TransMax, the UE selects any beam to perform 2-step CBRA until msgA-TransMax is achieved.

· When CFRA resources for 2-step RA type are configured, the UE performs 2-step RA type including 2-step CFRA and/or 2-step CBRA until the number of MSGA transmission is up to the configured maximum MSGA transmission number (i.e. msgA-TransMax-r16) before RACH is successful, otherwise the UE fallbacks to 4-step RACH. Within all the 2-step RA attempts, the UE prioritises performing 2-step CFRA if there is any beam whose quality is higher than an RSRP threshold (i.e. msgA-RSRP-ThresholdSSB-r16) and configured with 2-step CFRA resources; if there is no such beam, the UE priorities to select one beam whose quality is higher than msgA-RSRP-ThresholdSSB-r16 to perform 2-step CBRA; if the RACH is still not successful and the number of MSGA transmission is not up to msgA-TransMax-r16, the UE selects any beam to perform 2-step CBRA until msgA-TransMax-r16 is achieved.

Both CBRA with 2-step RA as shown in Figure 1 and CFRA with 2-step RA as shown in Figure 2 are supported. The MSGA of the 2-step RA type includes a preamble on PRACH and a payload on PUSCH. After MSGA transmission, the UE monitors for a response from the network within a configured window. For CFRA, dedicated preamble and PUSCH resource are configured for MSGA transmission and upon receiving the network response, the UE ends the random access procedure. For CBRA, if contention resolution is successful upon receiving the network response, the UE ends the random access procedure; while if fallback indication is received in MSGB, the UE performs MSG3 transmission using the UL grant scheduled in the fallback indication and monitors contention resolution. If contention resolution is not successful after MSG3 (re)transmission(s), the UE goes back to MSGA transmission.
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Figure 1: CBRA with 2-step RA
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Figure 2: CFRA with 2-step RA
2.1
RA type
Based on the number of steps in RA, the RA type could be 2-step RA or 4-step RA. In addition, based on contention or not, RA could be CBRA or CFRA. Therefore, the RA types could include 4 cases:
1. 2-step CFRA

2. 2-step CBRA

3. 4-step CFRA

4. 4-step CBRA

Proposal 1: Consider 2-step CFRA, 2-step CBRA, 4-step CFRA and 4-step CBRA as RA type in RA report.
2.2
Fallback from 2-step RA to 4-step RA
In the current R16 RA mechanism, UE will fall back from 2-step RA to 4-step RA in two situations:

1. Implicit. The gNB configures the maximum number of allowed MSGA transmissions, e.g msgA-TransMax or msgA-TransMax-r16, which is the max number of MSGA preamble transmissions performed before switching to 4-step random access.
2. Explicit. The gNB can optionally include fallback RAR in MSGB, the UE performs MSG3 transmission after receiving the fallback RAR.
Although the fallback RAR is sent by the network, the UE still needs to record and report to the network whether fallback was performed in implicit or explicit way. This is because, even in case of explicit indication in RAR, the network does not always know the identity of the UE since this is included in payload and the network may not successfully receive it.

With this, the network can make suitable adjustments based on the RA report.
Proposal 2: Indicator for implicit or explicit fallback from 2-step RA to 4-step RA should be added in RA report.

2.3
Number of msg-A/msg-3 transmissions per SSB/CSI-RS
In the current RA report, the total number of preambles sent on each SSB/CSI-RS is included. For 2-step RA procedure, more details should be added, e.g. the number of MSGA and MSG3 transmission per SSB/CSI-RS. Moreover, the RA type should be added in each MSGA or MSG3 transmission for a more detailed record to reflect the relationship between RA procedure and network configuration. Therefore, it is suggested to add per SSB/CSI-RS in RA report:
1. The total number of MSGA transmission, or
2. The number of CFRA MSGA transmission and the number of CBRA MSGA transmission 
With this, the network could optimize the settings of 2-step CFRA/CBRA configurations, e.g. the number of CFRA/CBRA MSGA is always very large which means the 2-step CFRA/CBRA configuration is not suitable.
Proposal 3: Include per SSB/CSI-RS in RA report:
1.
The total number of MSGA transmission, or

2.
The number of CFRA MSGA transmission and the number of CBRA MSGA transmission 
2.4
Measured RSRP for 2-step/4-step RACH
It is suggested to add the measured RSRP for 2-step/4-step RACH in RA report. More specifically, the measured RSRP could be recorded each time UE sends MSG1, MSGA or MSG3. With this, the network could know the relationship between RA success rate and RSRP better. What is more, it is useful to optimize MSGA-RSRP-Threshold to distribute UEs doing 2-step/4-step RA. In order to reduce the amount of signalling, to instead record whether the measured RSRP is above a threshold would also be useful.
Proposal 4: Measured RSRP or an indicator for RSRP above MSGA-RSRP-Threshold when MSG1, MSGA or MSG3 is transmitted should be added in RA report.
3. Conclusion
Based on the discussion in this paper, we propose the following:

Proposal 1: Consider 2-step CFRA, 2-step CBRA, 4-step CFRA and 4-step CBRA as RA type in RA report.
Proposal 2: Indicator for implicit or explicit fallback from 2-step RA to 4-step RA should be added in RA report.
Proposal 3: Include per SSB/CSI-RS in RA report:
1.
The total number of MSGA transmission, or

2.
The number of CFRA MSGA transmission and the number of CBRA MSGA transmission 
Proposal 4: Measured RSRP or an indicator for RSRP above MSGA-RSRP-Threshold when MSG1, MSGA or MSG3 is transmitted should be added in RA report.
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