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1	Introduction
In RAN3 WG, several Self Organizing Network (SON) functions were discussed as part of the RAN centric data collection and utilization SI. Some of the SON functions were also agreed to be prioritized in the normative WI phase. One of the functions agreed to be discussed is RACH optimization function. In RAN3#104 an overall solution (including RACH report content and signaling), based on the peculiarities of NR, has been agreed and captured as part of a technical report [1]. In this paper, we discuss the required signaling to use the agreed RACH report content in gNB- DU to enhance the performance of the RACH procedure.  
[bookmark: _Ref178064866]2	Discussion
RACH optimization has been introduced in LTE since Rel-9. The importance of optimizing RACH parameters comes from the fact that the UE may require multiple random-access attempts depending on parameter settings and conditions, which may be a source of extra latency, affecting user experience in procedures such as transitions from RRC_Idle or RRC_Inactive to RRC_Connected mode, as well as connected mode handovers.
One of the components of the LTE RACH optimization solution is the usage of UE assistance information in the form of a RACH report, indicating to the network events that occurred during a successful RACH procedure or state of the variables known at the UE. Without RACH report such information would not have been visible to the network. In the following we discuss the information included in the RACH report in LTE, the information agreed to be included in NR RACH report, and how such information can be leveraged by the network to enhance the performance of RACH procedure based on the NR RACH peculiarities.
2.1	Content of the RACH report
As we know, RACH report in LTE is signaled by the UE to the serving eNB every time a RACH procedure succeeds, and it provides very preliminary information about the a successful RACH procedure. The content is shown in the following.
	rach-Report-r9							SEQUENCE {
		numberOfPreamblesSent-r9				NumberOfPreamblesSent-r11,
		contentionDetected-r9					BOOLEAN
	}																OPTIONAL,
Figure 1. RACH report content in LTE.
As is shown, it simply consists of the numberOfPreamblesSent (which is basically an integer value) and the contentionDetected binary flag. These contents concern the performance of a RACH procedure that is succeeded. after multiple attempts. More precisely, numberOfPreamblesSent counts the number of performed RACH (transmitted preamble), and contentionDetected is a binary flag indicates indicating whether a contention has been detected in at least one of the performed RACH attempts.	Comment by Ali Parichehreh: A successful RACH after one attempt also cause RACH report, right?
However, in NR this information would not be sufficient, as the UE may change the beams used to perform the RACH as part of beam selection procedure specified in 3GPP TS 38.321 [2]. In addition, the binary contention detection flag would not indicate at which attempt and for which specific beam the contention has been detected. Therefore, as agreed in TR 37.816, a finer granularity of RACH information is required e.g., beam level information such as beam index, number of attempts per beam, and beam level measurement. Here is an excerpt from TR 37.816 highlighting the agreed content of RACH report.
The contents of the RACH information report comprise of the following (further check by RAN2 is needed):
Indexes of the SSBs and number of RACH preambles sent on each tried SSB listed in chronological order of attempts
The frequency (NR ARFCN) of tried SSBs
The beam quality of each tried SSB (i.e., beam level measurement during RACH attempts such as BRSRP, BRSRQ, BSINR)
Indication whether the selected SSB is above or below the rsrp-ThresholdSSB threshold
Elapsed time from the last measurement prior to the beam selection time
Number of RACH preambles sent on SUL
Number of RACH preambles sent on NUL
Total number of fallbacks between Contention Based RACH Access (CBRA) and Contention Free RACH Access (CFRA) Contention detection indication













Figure 2. Excerpt from TR 37.816; content of the RACH report.
As is shown in Figure 2. , Beam beam index and the number of RACH attempts sent over each tried SSB is agreed to be listed in a chronological order with their associated link quality in terms of RSRP, RSRQ etc. In the following, we discuss how a gNB-DU can use such information to enhance the performance of RACH procedure.
1. [bookmark: _Toc11853835][bookmark: _Toc11934773]According to TR 37.816618, it has been agreed to capture the beam level information of each tried beam in a chronological order, as part of the RACH report.

Receiving RACH report with beam level information in a chronological order may bring multifaceted benefits to the network such as configuring the optimal beams (e.g. removing sub-optimal beams that caused extra delay in a mobility procedure), tuning RACH initial power transmission level and finding the downlink/uplink coverage mismatch. We explain these use cases with an example in the following. As shown in Figure 34, we assume that the UE has been configured with 2 beams, Beam 1 and Beam 2, with dedicated RACH resources, and performs the RACH in an order of beams {1,1,2,2,3,1}. Namely, the UE tries to RACH on pre-configured beams (following CFRA), but it does not succeed, hence the UE tries RACH on Beam 3 following CBRANeedless to mention that UE may fall back to CBRA procedure when using beam 3. 
[image: ]
Figure 3. (a) Example of RACH attempts including CBRA and CFRA; (b) Potential solutions by changing configured beams (removing beam #2 and #3) and adjusting initial power level.  
As it is shown, UE starts with beam #1, and sets the initial preamble transmission power level P0. Since it doesn’t receive the RACH Access Response (RAR), it ramps up itswith power and tries RACH on the same beam at power level P1. Not receiving the RAR, at third attempt, it switches to beam #2 with the same power level i.e., P1, (note that when UE switches the beam it does not ramp up with the power level, while repeated RACH retransmission at the same beam leads to power ramping). Therefore, by having the RACH report with chronological order of the beam information, gNB DU can eliminate beams with unsuccessful RACH attempts and possibly replace them with a better sub-set of beams. For example, gNB- DU can figure out that beam #2 and beam #3 are not good enough and causing extra delay in RACH procedure and can avoid configuring them for next RACH procedure with dedicated RACH resources. Hence the UE will be indirectly redirected to try the same beam (e.g., beam #1 in this example) and succeed in a shorter period of time just by increasing the power level and without u necessaryunnecessary beam switching. This is shown in Figure 3-b-i. In addition, gNB DU can realize that increasing the initial RACH transmission power (e.g., setting initial transmission power to P1 instead of P0) when configuring beam #1 would help the UE to succeed with RACH procedure with a shorter delay and number of attempts (see Figure 3-b-ii). Moreover, gNB- DU may count the power level used in each tried beam and hence may figure out the downlink/uplink mismatch for the failed beams. This helps the gNB- DU to set the beam suitability threshold in a more optimized way or to modify the coverage of its beams. In addition, optimizations exemplified in Figure 3.b may reduce the uplink interreference caused by unsuccessful RACH attempts (e.g., eliminating attempt #3 to attempt #5). 
Note that for such analysis a binary vector of contention detection (one flag for each RACH attempt, as shown in Figure 3-a) is required. So, the gNB- DU can deduce the un-successful RACH attempt was due to the failure in MSG1/MSG2 (coverage issue) or a potential congestion issue (detectable by MSG3-MSG4). 
1. [bookmark: _Hlk14788221]By having the details of the RACH attempts with beam level information, gNB-DU can enhance the performance of RACH procedure by reducing RACH delay and uplink interference via a more proper beam configuration and adjustment of initial preamble transmission power.
2.2	Required signalling to use UE assistance information
Upon a successful RACH procedure, the LTE may leverage the UE Information procedure in RRC (that is originated from gNB CU, section 5.6.5 of TS 36.331) to obtain a RACH report. The UE may receive an UEInformationRequest containing a flag called rach-ReportReq set to ‘true’. Upon that, the UE sets the content of the information to be included in the RACH report, and transmits the RACH report to the network in the UEInformationResponse message, as shown in Figure 4:


[bookmark: _Ref14854871]Figure 4 UE Information procedure used for RACH report.
In NR, and according to TR 37.816,618 it has been agreed to use the same LTE UE information request/response mechanism as baseline for soliciting report information assisting different functionalities including RACH report. 
Upon receiving the pulling message requesting RACH report, e.g., UE Information Request message, from the NG RAN node (potentially gNB-CU of the current serving cell), UE reports RACH information within a UE Information Response message. The gNB-CU and gNB-DU take into account the RACH report and other node information, to achieve an optimized RACH configuration.




Figure 4. Excerpt from TR 37.816618. RACH report signaling between UE and NG RAN node.

According to TR 37.816618, it is agreed to useRAN3 agreed on using RRC UE information request/response procedure to collect RACH report in NR.
Taking LTE as baseline, would mean such reporting mechanism will be initiated at gNB- CU (where RRC is located) and hence the RACH report will be delivered to the gNB -CU in the context of the RRC signaling (without being decoded at gNB-DU). However, the content of the RACH report should be delivered to the gNB- DU where the mentioned optimization use cases can be applied. Therefore, we propose to discuss specifying required signaling over F1 interface to forward the RACH report from gNB- CU to the gNB- DU. This signaling is captured in the Figure 5.
Taking LTE as baseline, RACH report content will be delivered at the gNB CU, as part of RRC signaling.


[image: ]
Figure 5. Signalling solution to forward RACH report from CU to DU where the optimization and resource configuration are performed.
It is proposed to agree to signal RAN3 discuss how to capture the F1 signaling to forward RACH report from the gNB- CU to the gNB- DU over the F1 interface.
Conclusion
In section 2 we made the following observations:
1. According to TR 37.618, it has been agreed to capture the beam level information of each tried beam in a chronological order, as part of the RACH report.
1. By having the details of the RACH attempts with beam level information, the gNB DU can enhance the performance of RACH procedure by reducing RACH delay and uplink interference via a more proper beam configuration and adjustment of initial preamble transmission power.
1. According to TR 37.618, RAN3 agreed on using RRC UE information request/response procedure to collect RACH report in NR.
1. Taking LTE as baseline, RACH report content will be delivered at the gNB CU, as part of RRC signaling.

Based on the discussion in the previous sections we propose the following:
1. It is proposed to agree to signal RACH report from the gNB-CU to the gNB-DU over the F1 interface.
1. RAN3 discuss how to capture the F1 signaling to forward RACH report from the gNB CU to the gNB DU.
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