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1	Introduction
During RAN3-118 discussions on RACH optimisation were carried out. The following agreements and FFS points were captured:
RAN3 supports a network-based solution for RACH report retrieval over F1AP based on an indication from the gNB-DU to the gNB-CU of successful RACH procedures which are not known to the gNB-CU (e.g., when RACH is triggered due to beam failure recovery, no PUCCH resource available, UL sync issue)
Define a new class-2 F1AP message (e.g., RACH INDICATION) to indicate certain RACH occurrence(s) from gNB-DU to gNB-CU
FFS whether the new F1AP message is UE-associated or non-UE associated
SN should indicate the potential availability of RA report to the MN, MN can fetch the RA report and transfer it to SN
Define a new class-2 message (e.g., RACH INDICATION) over Xn so that the S-NG-RAN can inform M-NG-RAN that one or more RACH reports are available at the UE.
The new Xn message should be non-UE associated.
As a consequence, R3-226911 and R3-226912 were agreed. Therefore, it remains open whether the new procedure introduced over the F1 for gNB-DU to gNB-CU indication of successful RACH should be UE-associated or non-UE-associated.

Furthermore, the group discussed whether new information should be added to the RACH Report provided by UEs. 
In the SoD available in R3-226805 the following new information for the RA Report were captured:
1. Feature Priorities
2. The set of preambles allocated to the RA partition such as the start preamble index and/or the number of preambles in the partition (RACH configuration related information)
3. Time between RA attempt to RA Report
4. SSB RSRP and MSG3 RSRP per RA attempt

It remains to be discussed whether any of the information above is beneficial to be included in the RA Report and if RAN32 should be informed about any preference from RAN3.
2 RACH Optimization enhancement
2.1 RACH report retrieval over F1
The TP for the F1AP in R3-226911 has been agreed with an FFS:
Editor´s note: It is FFS whether the procedure is UE associated or non-UE associated
On the other end the TP to the XnAP in R3-226912 has been agreed without FFSs and it specifies a new non-UE-associated procedure where the SN indicates to the MN that RACH reports are available for a number of UEs. Such RACH reports are the result of successful RACH access at the SN. In this way, the MN is able to retrieve the RACH reports and forward them to the SN.
It is worth pointing out that it would not be viable to define a UE associated procedure for the MN-SN case. The reason is that there might be a very large number of RACH accesses triggered at the SN. Sending one UE-Associated message from SN to MN for every RACH access occurring at the SN would be very signalling intensive and detrimental to good performance.
Observation 1: The TP to the XnAP describing how an SN informs an MN of the availability of RACH reports for a number of UEs is non-UE-associated to reduce the signalling that would have resulted from a UE associated procedure
It should be noted that the solution agreed for the XnAP has a downside. This is due to the fact that the SN is likely to delay the notification towards the MN until a large enough number of SN RACH accesses have occurred. Only in this way the procedure would generate an advantage, because with one indication the MN would be informed of the availability of many RACH reports. However, this also implies that the retrieval of some RACH reports may be delayed. The latter implies that the MN would forward such RACH reports to the SN long after the RACH access took place. 
Hence the drawback of using a non-UE-associated procedure is that the SN would not have RACH Report information available soon after the occurrence of the RACH access. Some of the issues that could occur are as follows:
1. If the UE is not served by the SN, and the SN has removed the UE context, the RACH Report cannot be associated to the conditions the UE was subject at the time of RACH
2. If a RACH report reveals the need of an immediate change in RACH configuration, e.g. due to suboptimal cell coverage or due to RACH conflicts, any optimisation is delayed until the RACH Reports is received. 
3. If the RACH configuration changes at the SN (e.g. RACH partitions change) it might be difficult for the SN to understand the context within which the RACH report was generated, hence it might be difficult if not impossible for the SN to deduce how to optimise RACH configurations (unless RACH reports are enhanced)
Observation 2: a non-UE-associated RACH Indication has the drawback of delaying collection of RACH reports as well as delaying the optimisation that might result from their knowledge. 
Conclusion 1: RAN3 took a conscious decision of selecting a non-UE-associated procedure for RACH Indications from SN to MN, given that the signalling reduction of a non-UE-associated procedure generates higher benefits than those of a UE-associated procedure

When looking at the RACH Indication procedure over F1, the situation is different.
A RACH Indication from gNB-DU to gNB-CU has the purpose of indicating the availability of RACH reports only for the UEs served by the gNB-DU and only for RACH accesses that the gNB-CU is not aware of. This reduces the amount of RACH indications over F1 considerably. 
Observation 3: The signalling generated by UE-associated RACH indications over F1 is much less than the signalling a UE-associated RACH Indication would generate over Xn

In light of Observation 3, the benefit of using a UE-associated procedure over F1 outweighs the drawbacks. Namely, a UE associated procedure would allow the gNB-CU to retrieve the RACH report shortly after the RACH access occurred and to take optimisation actions accordingly.
Therefore, we propose to remove the FFSs concerning the F1AP RACH Indication and to confirm the use of a non-UE-associated procedure over the F1AP.
Proposal 1: Remove the FFS for the F1AP RACH Indication procedures concerning whether the procedure is UE-associated or non-UE-associated 
A TP capturing these changes is presented in the appendix.
2.1 RACH partitioning feature in RA report
In this section we analyse each information so far proposed to be added in the RACH report to enable the network to further optimise RACH configurations.

1. Feature Priorities: namely the priority of features at the time RACH access was carried out
It needs to be reminded that RAN2 already agreed to the following:
Agree to add the following parameters into RACH report for RACH partitioning:
-     Feature or the combination of features that triggered the RACH
-     Used feature combination
 
With the above agreement, RAN2 agreed that the UE shall report the feature, or combination of features that triggered the UE to select a specific RACH partitioning and that triggered the UE to perform RACH access.
RAN2 also agreed that the UE shall report also the Feature Combination associated to the RACH partitioning where RACH access is carried out. In light of the agreements from RAN2 it makes only sense that the UE reports also the Feature Priority configured for features at the time of RACH access. This information, combined with the information agreed in RAN2 allows to understand the following:
· The RAN can understand which feature has triggered the UE to select a RACH partition and perform RACH access. In case many UEs are triggered by the same feature or set of features, a RACH optimisation action could be to create a dedicated RACH partition for the most demanded features
· The RAN can understand to which RACH partition the UE performed RACH access. This allows the RAN to understand which partitions are most demanded and therefore most overloaded
· The RAN can understand which feature priority was given to the feature or set of features that triggered RACH access. This allows the RAN to understand whether grouping of features is done optimally or not. For example, if a RACH partition is associated to features with different priorities (e.g. some with high and some with lower priority) and if such partition is overloaded, one potential reason is that one of the feature with higher priority is attracting high load towards the partition. Hence, one RACH optimisation action may be to split the features in different priority groups
Proposal 2: RAN3 to send an LS to RAN2 requesting the addition of feature priorities as part of the RACH Report

2. The set of preambles allocated to the RA partition such as the start preamble index and/or the number of preambles in the partition (RACH configuration related information) and Time between RA attempt to RA Report
This is meant to provide the RAN with information about the RACH configuration in use at the time the RACH Report was generated.
The rationale is that if the RACH report is reported after the RACH partitions configuration has changed, the RAN would not be able to determine what RACH configuration was in use at the time the RACH report was generated. This not only prevents the RAN to derive the right optimisation action, but it might have negative effects on the system. Indeed, if the RAN assumes that the RACH configuration at the time the RACH report was generated were the same as the actual RACH configuration, the RAN may determine RACH reconfiguration actions that might have negative impacts
[bookmark: _Hlk125569634]The best approach to solve this issue is to let the UE include in the RACH report the start preamble index and the number of preambles in the partition the UE used at the time of performing RACH access.
An alternative approach to reporting the start preamble index and the number of preambles in the RACH partition used would be to let the UE report the time between RACH report generation and RACH report signalling to the RAN. With this time measure the RAN may be able to deduce what RACH configuration was in use at the time the RACH report was generated. However, this approach is less efficient because it carries impacts on both the UE (which has to store the new time variable) and the network (which has to store and timestamp all the RACH configurations adopted in the past). Indeed, the impacts on the RAN inthis case are considerable, as the RAN would need ot maintain a full history (how much back in time?) of all RACH configurations adopted in the past.

Proposal 3: RAN3 to send an LS to RAN2 requesting the addition of the start preamble index and the number of preambles in the partition the UE used at the time of performing RACH access

 

Conclusion
This paper presented ways forward on different areas of RACH optimisation. The following Observations, conclusions and proposals were derived: 

Observation 1: The TP to the XnAP describing how an SN informs an MN of the availability of RACH reports for a number of UEs is non-UE-associated to reduce the signalling that would have resulted from a UE associated procedure

Observation 2: a non-UE-associated RACH Indication has the drawback of delaying collection of RACH reports as well as delaying the optimisation that might result from their knowledge. 

Conclusion 1: RAN3 took a conscious decision of selecting a non-UE-associated procedure for RACH Indications from SN to MN, given that the signalling reduction of a non-UE-associated procedure generates higher benefits than those of a UE-associated procedure

Observation 3: The signalling generated by UE-associated RACH indications over F1 is much less than the signalling a UE-associated RACH Indication would generate over Xn

Proposal 1: Remove the FFS for the F1AP RACH Indication procedures concerning whether the procedure is UE-associated or non-UE-associated 

Proposal 2: RAN3 to send an LS to RAN2 requesting the addition of feature priorities as part of the RACH Report

Proposal 3: RAN3 to send an LS to RAN2 requesting the addition of the start preamble index and the number of preambles in the partition the UE used at the time of performing RACH access


A TP mirroring the proposals above is provided in the appendix.
Annex –Text Proposals for SON BL CR for TS 38.473
[bookmark: _Toc20955730][bookmark: _Toc29892824][bookmark: _Toc36556761][bookmark: _Toc45832137][bookmark: _Toc51763317][bookmark: _Toc52131655]8.2	Interface Management procedures
8.2.x		RACH Indication 
8.2.x.1		General
This procedure is initiated by the gNB-DU to inform of the event of random access to the gNB-CU for an active UE.
(FFS) The procedure uses UE-associated signalling.
8.2.x.2		Successful Operation


Figure 8.2.x.2-1: RACH Indication procedure.
The gNB-DU initiates the procedure by sending the RACH Indication message to the gNB-CU. Upon reception of the RACH INDICATION message, the gNB-CU may trigger retrieval of RACH Reports from the UE.
Editor’s note: The procedure text can be updated further based on the agreements.
8.2.x.3 	Abnormal Conditions
Not applicable.
Start of Changes

9.2.1.x	RACH INDICATION
This message is sent by the gNB-DU to inform the gNB-CU about the occurrence of random access events for the specific UE.
Direction: gNB-DU ® gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	[bookmark: OLE_LINK35]9.3.1.5
	
	YES
	reject

	Random access Indication
	O
	
	ENUMARATED (true, …)
	
	YES
	ignore



Editor´s note: It is FFS whether the procedure is UE associated or non-UE associated
End of Changes
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