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1	Introduction
One of the objectives of the work item described in RP-201281 is the support of data collection for SON features, including RACH Optimization Enhancements. In the scope of these enhancements is the inclusion of 2-step RACH information into the NR UE RACH Report. The objective of this paper is to discuss our views on this topic. 
2	2-step RACH attempts logging in the NR UE RACH Report
Currently, as per Rel-16 TS38.331, NR UE RACH Report logs RACH information of up to 8 RACH procedures (4-step RACH). After RAN#88, 2-step RACH is also in the scope of RACH Optimization. A natural question that arises is whether there should be a common NR UE RACH Report that logs both 4-step and 2-step RACH attempts or whether separate reports should be used for 2-step and 4-step RACH procedures instead. 
Proposal 1: Companies are invited to provide their views on whether a common NR UE RACH report should log both 2-step and 4-step RACH attempts or whether separate reports should be used for the logging. 
A RACH procedure can be CBRA or CFRA. In order to allow the network to separately optimize CBRA and CFRA resources, logging the contention type of RACH in the NR UE RACH Report seems useful.   
Proposal 2: Companies are invited to provide their views on whether the NR UE RACH Report should also log the contention type of RACH access, i.e., whether it is Contention-Based (CBRA) or Contention-Free (CFRA).
Similarly to 4-step RACH, a 2-step RACH attempt takes place on a given beam. The beam information on which RACH was attempted and failed is important for the network that can help the network optimize resources.
Proposal 3: Beam index information (SSB or CSI-RS) on which 2-step RACH failed should be logged in the NR UE RACH Report.  
A 2-step RACH attempt can fail because there is a failure a) both in the PRACH preamble and the PUSCH payload or b) because even though PRACH preamble is successfully received, the PUSCH payload is not received successfully by the network. Failure in the MSGA payload can be for example because the message size chosen by the UE was too “big” (or in other words, the parameters for preamble group selection are not properly set) to be successfully transmitted for the given channel conditions. In case both PRACH preamble detection and PUSCH payload fail, the gNB cannot know what size of MSGA was selected by the UE.  
Observation 1: In 2-step RACH, a RACH failure can occur when only MSGA payload or when both MSGA payload and preamble are not successfully received by the gNB. 
Observation 2: In case both MSGA payload and preamble are not successfully received by the gNB, the latter cannot know the payload size that was used in the transmission.
Having knowledge of the size of MSGA together with information on the outcome of the MSGA transmission can help the network optimize ra-MsgASizeGroupA parameter as well as the used physical layer parameters for PUSCH size of MSGA and preamble groups A and B. Current contents of the NR UE RACH report do not capture this information.
Proposal 4: Enhancements to the NR UE RACH Report are needed to identify the size of MSGA that was sent in order to better optimize ra-MsgASizeGroupA parameter and preamble groups A and B.
In 2-step RACH, fallback or switching to 4-step RACH procedure are supported. Specifically,
1. A 2-step RACH (CBRA or CFRA) can be switched to a 4-step RACH (CBRA or CFRA) if the number of unsuccessful MSGA transmissions exceeds a threshold. This implies that the network did not successfully receive the MSGA preamble and therefore the UE did not receive a MSGB response. The UE in this case will retransmit MSGA until the number of transmissions exceeds a threshold allowing a maximum number of transmissions. Once the threshold is exceeded, the UE will switch to 4-step RACH starting with transmission of MSG1. 
1. Fallback to 4-step can occur if the UE receives a Fallback RAR. This means that the network has received the preamble but not the payload. Upon reception of a Fallback RAR the UE switches to 4-step RACH by sending MSG3 to the network. Another reason for fallback can occur when UE operates under unlicensed access. The UE in that case may perform separate LBTs for sending the preamble and the PUSCH payload. In this scenario, it is possible that PUSCH unavailability is due to LBT failure and not because the payload transmission failed. Besides, there is also the case when in the absence of a valid PUSCH resource mapped to a preamble, only the PRACH preamble is sent. 
Introducing fallback or switching information in the NR UE RACH Report could further give guidance to the network on the reason of failure. For instance, it could help the network determine that the UE attempted unsuccessfully more than threshold number of MSGA transmissions. As another example, it could help the network determine that payload failure is due to LBT and not because of failure in the PUSCH detection. This assisting fallback or switching related information can help the network optimize its RACH parameters. 
Observation 3: Introduction of fallback/switching information in the NR UE RACH Report can help the network better determine the cause of a RACH error and therefore better optimize its available resources.
Proposal 5: RAN2 should discuss the introduction of fallback/switching information in the NR UE RACH Report. 
In addition, in 2-step RACH, PUSCH resource reservation is done in a static manner and selection between 2-step and 4-step RACH is based on whether RSRP measured at initiation of the RA procedure is above a configured threshold. To optimize the PUSCH occasions, network needs to know the measured RSRP at which a UE selects 2-step or 4-step RACH to balance the threshold parameter configuration and PUSCH resource efficiency. This information can be logged in the NR UE RACH Report. 
Proposal 6: Network needs to know the measured RSRP at which a UE selects 2-step or 4-step RACH in order to optimize PUSCH occasions.
3	RACH Prioritization
RACH prioritization has been supported for handover and beam failure recovery since Rel-15 for 4-step RACH where different power ramping steps and scaling factors for back-off can be configured. RACH prioritization is also applicable to 2-step RACH. In RAN2 #107 it was also agreed to provide RACH prioritization for access identity 1 (where Multimedia Priority Services (MPS) are used exclusively) and for Mission Critical Services (MCS). In [2], the impact of prioritization on initial access attempts for MPS and MCS is shown and compared to the non-prioritized access case. It was observed that the benefit of prioritization decreases as the number of priority users grows. This is a natural effect of prioritization since when it is enabled for a set of UEs it reduces the back-off parameter as compared to non-prioritized access which can therefore increase the probability that those UEs collide with each other in their RACH attempts.  
Proposal 7: RAN2 should consider logging of RACH prioritization information in the NR UE RACH Report.
4	Conclusion
Proposal 1: Companies are invited to provide their views on whether a common NR UE RACH report should log both 2-step and 4-step RACH attempts or whether separate reports should be used for the logging. 
Proposal 2: Companies are invited to provide their views on whether the NR UE RACH Report should also log the contention type of RACH access, i.e., whether it is Contention-Based (CBRA) or Contention-Free (CFRA).
Proposal 3: Beam index information (SSB or CSI-RS) on which 2-step RACH failed should be logged in the NR UE RACH Report.  
Observation 1: In 2-step RACH, a RACH failure can occur when only MSGA payload or when both MSGA payload and preamble are not successfully received by the gNB. 
Observation 2: In case both MSGA payload and preamble are not successfully received by the gNB, the latter cannot know the payload size that was used in the transmission.
Proposal 4: Enhancements to the NR UE RACH Report are needed to identify the size of MSGA that was sent in order to better optimize ra-MsgASizeGroupA parameter and preamble groups A and B.
Observation 3: Introduction of fallback/switching information in the NR UE RACH Report can help the network better determine the cause of a RACH error and therefore better optimize its available resources.
Proposal 5: RAN2 should discuss the introduction of fallback/switching information in the NR UE RACH Report. 
Proposal 6: Network needs to know the measured RSRP at which a UE selects 2-step or 4-step RACH in order to optimize PUSCH occasions.
Proposal 7: RAN2 should consider logging of RACH prioritization information in the NR UE RACH Report.
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