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1 Introduction
In RAN plenary #88-e meeting, the scope for Rel-17 SON-MDT has been updated, and for SON part, the objectives are as following [1]:
The objective of this work item is to specify data collection enhancement in NR for SON/MDT purpose. The specific objectives of this work are:

•
Support of data collection for SON features, including CCO, inter-system inter-RAT energy saving, inter-system load balancing, 2-step RACH optimization, mobility enhancement optimization, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, UE history information in EN-DC, load balancing enhancement, MRO for SN change failure, RACH Optimisation enhancements) [RAN3, RAN2] 

−
Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 

−
Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3]
In this paper, we will discuss 2-step RACH optimization.
2 Discussion

2.1 Background of 2-step RACH procedure in NR

2-step RA is a new feature introduced in R16. The main concept is explained as following.
When CFRA resources are not configured, an 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 MSG A transmission is up to the configured maximum MSG A 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 priorities to select one beam whose quality is higher than msgA-RSRP-Threshold-r16 to perform 2-step CBRA; if RACH attempt is not successful and the number of MSG A 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 MSG A transmission is up to the configured maximum MSG A 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 priorities to perform 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 RACH is still not successful and the number of MSG A 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 and CFRA with 2-step RA as shown in Figure 1 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 and CFRA with 2-step RA

2.2 2-step RACH optimisation
For 4-step RACH report, considering the NR new feature, e.g. beamforming, the IE numberOfPreamblesSentOnSSB or numberOfPreamblesSentOnCSI-RS can be reported to indicate the total number of successive RA preambles that were transmitted on the corresponding SSB or CSI-RS. In addition, the IE contentionDetected can be used to indicate that contention was detected for the transmitted preamble in the given random access attempt or not. Also, dlRSRPAboveThreshold is included in the RACH report to indicate whether the DL beam quality associated to the random access attempt was above or below the threshold e.g. rsrp-ThresholdSSB.

In 2-step RACH, the gNB configures the number of allowed maximum MSG A transmission number, e.g msgA-TransMax or msgA-TransMax-r16, which is the max number of MSG A preamble transmissions performed before switching to 4-step random access, so the total number of MSG A preamble transmissions sent by the UE would not exceed the maximum number. The number of MSG A preamble transmissions per beam/cell sent by the UE can be reported to indicate the number of MAG A sent by MAC. Also, msgA-TransMax or msgA-TransMax-r16 can be included in the RACH report. So that 2-step RACH configurations e.g. PUSCH resources and preambles can be adjusted.  

Proposal 1: For 2 step RACH, the UE RACH report should contain the transmission number of MSG A preamble and the configured maximum transmission number of MSG A preamble (i.e. msgA-TransMax or msgA-TransMax-r16).
Besides that, the network can optionally configure fallback RAR in MSGB, if the UE receives it, the UE performs MSG3 transmission. Since both implicit and explicit 2-step RACH mechanism are supported in R16, the UE can store and report whether fallback RAR is received in MSGB, so the network can know the 2-step RACH procedure performed by the UE is implicit or explicit and further makes suitable adjustment. 

Proposal 2: For 2 step RACH, the UE RACH report should contain whether fallback RAR is received in MSGB or not.

Also, the gNB configures an RSRP threshold (i.e. msgA-RSRP-Threshold-r16 or msgA-RSRP-ThresholdSSB-r16) to select between 2-step RA type and 4-step RA type, i.e. if there is any beam whose quality is higher than the threshold, the UE performs 2-step RA, if the previous 2-step RA attempt is failed and there is no more such beam, the UE selects any beam to perform 2-step RA until the configured maximum number of MSG A preamble transmissions (i.e. msgA-TransMax or msgA-TransMax-r16) is achieved. In this way, the configured RSRP threshold should be included in the 2-step RACH report so that it can be adjusted based on the quality of the selected beams.

Proposal 3: For 2 step RACH, the UE RACH report should contain the configured threshold (i.e. msgA-RSRP-Threshold-r16 or msgA-RSRP-ThresholdSSB-r16) which is used for RA type selection.

Since the UE RACH report definition for 2 step RACH should be discussed and decided by RAN2, it is proposed to send an LS to inform RAN2 about the RAN3 agreements on 2-step RACH report.

Proposal 4: To send an LS to RAN2 to inform about RAN3 agreements on 2-step RACH report.
3 Conclusion

This paper discusses RACH optimisation in 2 step RACH and has the following proposals:

Proposal 1: For 2 step RACH, the UE RACH report should contain the transmission number of MSG A preamble and the configured maximum transmission number of MSG A preamble (i.e. msgA-TransMax or msgA-TransMax-r16).
Proposal 2: For 2 step RACH, the UE RACH report should contain whether fallback RAR is received in MSGB or not.

Proposal 3: For 2 step RACH, the UE RACH report should contain the configured threshold (i.e. msgA-RSRP-Threshold-r16 or msgA-RSRP-ThresholdSSB-r16) which is used for RA type selection.

Proposal 4: To send an LS to RAN2 to inform about RAN3 agreements on 2-step RACH report.
4 References
[1]. RP-201281, New WID on enhancement of data collection for SON/MDT in NR.

3GPP


_1657381667.vsd
UE


gNB


Random Access Preamble


A


Contention Resolution


PUSCH payload


B



UE
gNB
RA Preamble and PUSCH
assignment
0
Random Access Preamble
A
Random Access Response
B
PUSCH payload



