[bookmark: _Toc92513360][bookmark: _Ref399006623][bookmark: OLE_LINK198][bookmark: OLE_LINK199]3GPP TSG-RAN WG2 Meeting #120          	          R2-2212222
Toulouse, France, 14th – 18th November, 2022

Agenda Item:	8.13.6
Source: 	Huawei, HiSilicon
Title: 	RACH Enhancement
Document for:	Discussion and decision
Introduction
In last RAN2#119bis-e meeting, the following agreements are made:
Agreements:
For RACH report about RACH partitioning information
1	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
One the other hand, RAN2#119bis-e meeting has identified the proposals that need further discussion in [1]. These proposals basically fall into three categories: RACH partitioning, RACH report retrieval, and SN RACH report in MR-DC.
Besides, a LS [2] from RAN3 asks RAN2 to provide feedback on RACH report retrieval. In this paper, we take all above mentioned into account and discuss how to proceed on RACH optimization in the above three aspects: RACH partitioning and RACH report retrieval, and SN RACH report in MR-DC.
Discussion
RACH partitioning
In Rel-17, following features are discussing separated RACH resource with different objectives:
· SDT: to request large resource in Msg3/MsgA PUSCH
· Coverage Enhancement: to request Msg3 PUSCH repetition
· RAN slicing: to guarantee the RACH resource to sensitive slice or slice group
· RedCap: to indicate RedCap UE in Msg1/MsgA
Given that these features can be operated in combinational manner, the common RA operation for feature combination is also supported by introducing a feature called RACH partition. RACH partitioning specifies a framework for RACH resource configuration per feature or feature combination to enable early identification of a particular feature or feature combination on network side. Specifically, random access resources are configured with one or multiple feature indications at the network side, which indicates a feature or feature combination applicable to the random access resources. Besides, RACH partitioning also specifies the selection of the set of RACH resources based on feature prioritization assigned in featurePriorities at the UE side when a feature or feature combination maps to more than one RACH resources
However, a mismatch might occur between the feature/feature combination which the selected RACH resource is indicated for and the feature/feature combination the UE intended to initiate via RA procedure. For instance, the available sets of Random Access resources broadcasted in SIB1 are applicable to feature or feature combination which includes RedCap+SDT+ Slice group1, RedCap, RedCap+CovEnh, SDT+CovEnh, and Slice group1+SDT. In addition, the feature priorities broadcasted in SIB1 are RedCap>Slice group1> SDT>CovEnh. When feature combination RedCap+SDT+CovEnh is initiated , i.e., triggering the RACH procedure, UE select the RA resource among the availbale sets of RA resource based on feature prioritization since there is no available RA resource indicated for RedCap+SDT+CovEnh. The selection goes as illustrated in Fig.8: first select RA resources which apply to RedCap with highest priority, then SDT with second highest priority and finally CovEnh. As a result, UE identifies the RA resource indicated for RedCap+SDT+Slice group1 and finally RA procedure for RedCap+SDT. In this case, we notice intended feature/feature combination(RedCap+SDT+CovEnh) and the feature/feature combination(RedCap+SDT+Slice group1) which the selected RACH resource is indicated for. Then the intersection of those two is the feature/feature combination applicable to this RA procedure, which is a subset of intended feature/feature combination. 
However, a mismatch might occur between the feature/feature combination applicable to the selected RACH resource and the feature/feature combination the UE intended to initiate via RA procedure. For instance, the available sets of Random Access resources broadcasted in SIB1 are applicable to feature or feature combination which includes RedCap+SDT+ Slice group1, RedCap, RedCap+CovEnh, SDT+CovEnh, and Slice group1+SDT. In addition, the feature priorities broadcasted in SIB1 are RedCap>Slice group1> SDT>CovEnh. When feature combination RedCap+SDT+CovEnh is initiated , i.e., triggering the RACH procedure, UE select the RA resource among the availbale sets of RA resource based on feature prioritization since there is no available RA resource indicated for RedCap+SDT+CovEnh. The selection goes as illustrated in Fig.8: first select RA resources which apply to RedCap with highest priority, then SDT with second highest priority and finally CovEnh. As a result, UE identifies the RA resource indicated for RedCap+SDT+Slice group1 and finally RA procedure for RedCap+SDT. In this case, we notice intended feature/feature combination(RedCap+SDT+CovEnh) and the feature/feature combination(RedCap+SDT+Slice group1) which the selected RACH resource is indicated for. Then the intersection of those two is the feature/feature combination applicable to this RA procedure, which is a subset of intended feature/feature combination.  
The mismatch occurs mainly due to improper RA resource segmentation for feature/feature combination and inappropriate feature priorities, which needs adjustment for RACH optimization.
Proposal 1: RAN2 to consider the feature priorities assigned to UE added in RACH report.
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Figure 1: Selection of RA resources based on feature prioritization
RAN2 has agreed “used feature” which originates in [1]. The used feature is not very specific, which might refer to the selected feature(s) applicable to selected RACH resource or the feature(s) which uses the RA procedure. For example, for the intended feature(s) 1, 2, and 3, UE based on the feature priorities select the RACH resource indicated for 2,3,4 and finally use the selected RACH resource to initiate the RA procedure for feature(s) 2 and 3. In our understanding, we prefer used feature to indicate the selected ones, i.e., the feature applicable to the used/selected RACH resource. Since the motivation is to allow network to assign RACH resources to RACH feature in the most efficient way, the network needs to know the gap between the intended feature(s) and the selected feature(s) which RACH resource is configure with(for). Besides, the network can defer the feature(s) which uses the RA procedure by intersecting the preferred ones and the ones which selected RACH resource is indicated for.
Obeservation1: RAN2 has agreed “used feature” which might refer to the feature(s) (e.g., 2, 3, and 4) applicable to the used/selected RACH resource or the feature(s) (e.g., 2 and 3) which uses the RA procedure when UE intends to initiate the feature(s) (e.g., 1, 2, and 3).
Obeservation2: the network can defer the feature(s) (e.g., 2 and 3) which uses the RA procedure by intersecting the intended ones (e.g., 1, 2, and 3) and the selected ones (e.g., 2, 3, and 4) which selected RACH resource is indicated for. The selected feature/(s) (e.g., 2, 3, and 4) which selected RACH resource is indicated for contains more valuable information.
Obeservation3: since the feature(s) which uses the RA procedure is a subset of intended feature(s) the network can defer the other intended feature(s) for an unsuccessful completed RA procedure with the selected RACH resource.
Proposal 1: RAN2 to specify “used feature” for the feature which the selected feature(s) RACH resource is indicated for in RA report for RACH partition.

Features involving RA procedure
There are several features introduced in Rel-17 which involves RA procedure, which includes SDT, Coverage enhancement, RedCap, Slicing, SCG Activation/Deactivation, and BFR recovery for two BFD RS sets. We intend to evaluate the potential parameters and pick up most valuable ones for RA report enhancement.
· Coverage enhancement(Msg3 repetition)
We can observe that the potential related parameters are:
· Configured maximum mcs-Msg3 repetition and applied mcs-Msg3 repetition
· Configured maximum Msg3 repetition and applied Msg3 repetition
· Indication of RSRP b > rsrp-ThresholdMsg3 or not before the RA procedure and per RA attempt.
· SDT
Whether UE reports RA and SDT information in RA report has been brought up. On one hand, if SDT operation fails means RA-SDT fails, it is the same as unsuccessful RA procedure. We notice that basically RA report logs successful completed RA procedure and RLF/CEF logs unsuccessful RA procedure. We are reluctant that RA report log info for unsuccessful completed RA procedure related to RACH feature/feature combination. On the other hand, if SDT operation fails means RA-SDT succeeds and data transmission fails due to maximum RLC retransmission, it has nothing to do with RA procedure. 
Proposal 2: RA report is not triggered when SDT operation fails. Other than RACH partitioning, we do not see any particular enhancement in RA report for SDT.

· Slicing
We can observe that the potential related parameters are NSAG Id and NAS provided NSAG priority of the relevant NSAGs.
· RedCap
It is covered by RACH partitioning feature related RA report enhancement. We do not see any particular enhancement in RA report for this feature.
Obeservation4: Other than RACH partitioning, we do not see any particular enhancement in RA report for RedCap.

· SCG Activation/Deactivation
Under SCG deactivated, if SCG TAT is invalid, UE initiates RA to activate SCG otherwise UE can perform RACH-less SCG activation. So far, we analyze the possible enhancement is to introduce a new value (indication of SCG (de)activation) to raPurpose.
· BFD recovery for two BFD RS sets
In current specification the raPurpose is set to beamFailureRecovery to indicate beam failure recovery related RA procedure in the SpCell. beamFailureRecovery is too general to differentiate which RS set UE uses for beam failure detection. Therefore, we analyse the possible enhancement for RA report in terms of BFR recovery for two BFD RS sets is to specify beamFailureRecoveryOfRSset1 and beamFailureRecoveryOfRSset2 to raPurpose respectively.
Obeservation5: The 4 features related potential parameters have been summarized.
·  Coverage enhancement(Msg3 repetition)
· Configured maximum mcs-Msg3 repetition and applied mcs-Msg3 repetition
· Configured maximum Msg3 repetition and applied Msg3 repetition
· Indication of RSRP b > rsrp-ThresholdMsg3 or not before the RA procedure and per RA attempt.
· Slicing
· NSAG Id
· NAS provided NSAG priority of the relevant NSAGs
· SCG Activation/Deactivation
· indication of SCG (de)activation) to raPurpose
· BFD recovery for two BFD RS sets
· beamFailureRecoveryOfRSset1 and beamFailureRecoveryOfRSset2 instead of beamFailureRecovery to raPurpose

Since the motivation of RACH optimization is to allocate RACH resource efficiently, decrease RACH latency and increase RACH success rate, the coverage and mobility related feature/parameters should has the first priority among the above summary of 4 features related potential parameters. Therefore, we prefer to consider SCG Activation/Deactivation and BFD recovery for two BFD RS set related enhancement for RA report.
Proposal 3: RAN2 to consider SCG Activation/Deactivation and BFD recovery for two BFD RS set related enhancement for RA report first since these two are most related to coverage and mobility.

RACH Report Retrieval
In Rel-16/Rel-17, network could request and retrieve RACH report from UE via the UEInformationRequest/Response procedure. In LTE, when the feature RACH report was introduced, there is no availability indicator from the UE because the random access is known by the eNB. In NR, when the CU-UP split structure was introduced, DU knows the random access but CU does not, so CU may blindly request the RACH report from the UE. In this case, it may lead to inefficient signallings. Besides, in MR-DC case, DU belonging to the MN/SN only knows the occurrence of RA by its own side. That way SN also needs to notify MN of the availability of SN RACH report. Therefore we prefer the availability indicator of RACH reports from UE reporting.
Proposal 4: It is proposed RAN2 to discuss the availability indicator of RACH reports.

SN RACH report for MR-DC
RAN3 has done all the work needed to support SN RA reporting in EN-DC, (NG)EN-DC, and NR-DC scenarios in Rel-17. A LS from RAN3 in [2] request RAN2 to work on it to achieve the goal. 
During Rel-17, it has been agreed that UE in DC can report SN RACH report to the MN. The following agreement in RAN2#115 is given as below:
Agreements:
RA Report to the SN:
1 	UE reports the SN RACH report to the MN, and then MN sends the SN RACH report to SN.
Due to lack of time, the LTE Specification modification introduced by SN RACH report in (NG)EN-DC, NE-DC has not been discussed. In the end, SN RA reporting to MN is restricted only for NR-DC, and also SN RACH reporting in (NG)EN-DC and NE-DC is postponed to Rel-18. In addition, RAN3 has already agreed to introduce the X2AP change for EN-DC case for the SgNB RA report in Rel-17.
When the MN forwards the SN RA report to SN, the MN should know the destination cell ID. However, in MR-DC cases, the MN is not able to decode the received SN RA report encoded with another RAT format. However, it is essential for the MN node to know the target cell ID that the received SN RA report should be forwarded to, especially SN change is happed before the RA report is retrieved.
A method to avoid decoding the SN RA report in other RAT format, one option is to enable the UE to report the PSCell ID together outside each SN RA report container.
Proposal 5:	It is proposed RAN2 to agree that for the PSCell identity of stored SN RA report, encoded in NR format for (NG)EN-DC and in LTE format for NE-DC and put outside SN RA report container.
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Conclusion
Obeservation1: RAN2 has agreed “used feature” which might refer to the feature(s) (e.g., 2, 3, and 4) applicable to the used/selected RACH resource or the feature(s) (e.g., 2 and 3) which uses the RA procedure when UE intends to initiate the feature(s) (e.g., 1, 2, and 3).
Obeservation2: the network can defer the feature(s) (e.g., 2 and 3) which uses the RA procedure by intersecting the intended ones (e.g., 1, 2, and 3) and the selected ones (e.g., 2, 3, and 4) which selected RACH resource is indicated for. The selected feature/(s) (e.g., 2, 3, and 4) which selected RACH resource is indicated for contains more valuable information.
Obeservation3: since the feature(s) which uses the RA procedure is a subset of intended feature(s) the network can defer the other intended feature(s) for an unsuccessful completed RA procedure with the selected RACH resource.
Proposal 1: RAN2 to specify “used feature” for the feature which the selected feature(s) RACH resource is indicated for in RA report for RACH partition.
Proposal 1: RAN2 to specify “used feature” for the feature which the selected RACH resource is indicated for in RA report for RACH partition, and consider to add the feature priorities assigned to UE in RACH report.
Proposal 2: RA report is not triggered when SDT operation fails. Other than RACH partitioning, we do not see any particular enhancement in RA report for SDT.
Obeservation4: Other than RACH partitioning, we do not see any particular enhancement in RA report for RedCap.
Obeservation5: The 4 features related potential parameters have been summarized.
·  Coverage enhancement(Msg3 repetition)
· Configured maximum mcs-Msg3 repetition and applied mcs-Msg3 repetition
· Configured maximum Msg3 repetition and applied Msg3 repetition
· Indication of RSRP b > rsrp-ThresholdMsg3 or not before the RA procedure and per RA attempt.
· Slicing
· NSAG Id
· NAS provided NSAG priority of the relevant NSAGs
· SCG Activation/Deactivation
· indication of SCG (de)activation) to raPurpose
· BFD recovery for two BFD RS sets
· beamFailureRecoveryOfRSset1 and beamFailureRecoveryOfRSset2 instead of beamFailureRecovery to raPurpose
Proposal 3: RAN2 to consider SCG Activation/Deactivation and BFD recovery for two BFD RS set related enhancement for RA report first since these two are most related to coverage and mobility.
Proposal 4: It is proposed RAN2 to discuss the availability indicator of RACH reports.
Proposal 5:	It is proposed RAN2 to agree that for the PSCell identity of stored SN RA report, encoded in NR format for (NG)EN-DC and in LTE format for NE-DC and put outside SN RA report container.
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