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Introduction

Below agreements been agreed for RACH enhancements:

	Agreements

1
RAN2 to discuss RACH partitioning for RACH report enhancements.

2
RAN2 is asked to discuss the support of (NG)EN-DC and NE-DC scenarios for SN RACH report. Only focus on the leftover issues for completing the whole work which partly done in R17 in RAN3. Draft LS to RAN3 ask for clarification. (Ericsson)


For SN RACH report since an LS [2] has just been sent out to RAN3 asking clarification on the intended scenarios, RAN2 can postpone the detailed discussion until response from RAN3 is received. The contribution will focus on detailed discussion of RACH partitioning related RACH enhancements.
Discussion
In NR RA report, the detail content includes two parts: RACH resource configuration (e.g.,BWP information and frequency related information) and performance related information (e.g., whether contention is detected, fallback is performed), which is used for both RACH resource optimization and avoid of resource conflict between neighbors.  Similarly, the same dimensions can also be considered for RACH partitioning related RACH enhancements. That is, RACH partitioning relevant RACH report could also includes both RA resource and performance information.
Observation 1: In NR RACH optimization is achieved by including both RACH resource and performance information in RA report, which can also be used for study of RACH partitioning relevant optimization.
Proposal 1: RACH partitioning relevant RACH report includes both RA resource and performance information.

RACH resource information

RACH partitioning is introduced NR R17 to allow RACH resource sharing and division among one or multiple features, which includes small data transmission, reduced UE capability, coverage enhancement (i.e.,Msg3 repetition) as well as RAN slicing. For a RACH partition, it can be shared by one or more features as indicated by FeatureCombination IE. In order to evaluate the RACH load among different featureCombinations it is proposed to include in the RA report the featureCombination information associated to utilized RACH resource when RA procedure is initiated for corresponding feature.

Observation 2: A RACH partition is a portion of RACH resource shared by one or more features indicated by FeatureCombination, thus featureCombination information is needed to help evaluate the RA load or utilize rate of different combination of features.
Proposal 2: Include in the RA report the featureCombination information associated to utilized RACH resource when RA procedure is initiated for corresponding feature indicated by the FeatureCombination.
For one RACH partition (or in another words, on Combination of features), the utilized RACH resource can be the whole RACH resource as signalled in RACH-ConfigCommon/MsgA-ConfigCommon or only part of the RACH resource by preamble division if configured by NW. For each configured preamble division, it has an starting preamble index indicated by startPreambleForThisPartition-r17 and the total number of preambles can be used for this partition indicated by numberOfPreamblesForThisPartition-r17. 

Observation 3: A RACH partition could be configured to only utilize part of the RACH resource by preamble division, where the associated  preambles are presented by a starting preamble index indicated by startPreambleForThisPartition-r17 and the total number of preambles indicated by numberOfPreamblesForThisPartition-r17 respectively.
Considering the RACH resource partition as discussed here, in order to help optimize the division of RACH resource among different featureCombinations as well as conventional RACH, other than the existing RA resource information included in RA report, UE also includes if configured for the utilized RA resource and the RA procedure is initiated for the corresponding feature.
Proposal 3: Other than the existing RA resource information included in RA report, UE also includes below parameters in RA report if configured for the corresponding RA partition associated to this RA procedure:

The starting preamble index associated to this RA partition

The total number of preambles associated to this RA partition

RACH performance information

Coverage enhancement feature is introduced in R17 ton improve the successful rate of RACH procedure in area with poor coverage, which is done by allowing Msg3 repetition operation. Based on current specs UE will decide the availability of a set of RA resource during RA resource selection. For a UE capable of Msg3 repetition, Msg3 repetition is consider applicable if the selected BWP is only configured with RA resource with Msg3 repetition or downlink pathloss reference is below configured threshold rsrp-ThresholdMsg3 when the selected BWP is configured with RA resource with/without Msg3 repetition.

Observation 4: When selected BWP is configured with both RA resource with/without Msg3 repetition, UE compares downlink pathloss reference with configured threshold rsrp-ThresholdMsg3 to decide whether Msg3 repetition is applicable for the RA procedure.

To know whether Msg3 repetition is applied for the RA procedure can help NW to know whether RA coverage is improved or not together with other parameters reported in RA thus decide whether to configure Msg3 repetition or not. Thus it is beneficial to include whether Msg3 repetition is applicable for the RA procedure or not in RA report. 

Observation 5: Include whether Msg3 repetition is applied in the RA procedure can help NW to evaluate the performance of Msg3 repetition thus decide whether to configure Msg3 repetition or not.

Based on existing MAC specs, UE will decide the applicability of Msg3 repetition after selection of RA type. Once determining Msg3 repetition is applicable it will be used for the subsequent Msg3 transmission of the RA procedure. Therefore whether Msg3 repetition is applied or not can be includes in the RA report per RA procedure. In existing RA report, dowlink rsrp threshold is included in 2step RA report for fine tuning of threshold RA type selection for similar reason this information can also reused for fine tuning of rsrp-ThresholdMsg3. Consider Msg3 repetition is also applicable for 4step RACH, UE can include the RSRP of downlink pathloss reference for 4step RA as well.
Observation 6: R17 UE will include RSRP of downlink pathloss reference for 2step RA which can be extend to 4step RA as well for fine tuning of Msg3 repetition determination threshold.
Proposal 4: UE includes RSRP of downlink pathloss reference for 4-step RA.
Since Msg3 repetition requires more PUSCH resource for Msg3 transmission, NW needs to carefully decide how to configure Msg3 repetition( e.g., threshold used for Msg3 repetition determination and repetition number) to balance the RACH load and resource efficiency. If RSRP threshold is set too high, it might lead to unnecessary Msg3 repetition as well as huge resource reservation; else if the RSRP threshold is set too low, maybe only limited UE can utilize the feature. 

Observation 7: NW needs to carefully decide how to configure Msg3 repetition( e.g., threshold used for Msg3 repetition determination and repetition number) to balance the RACH load and resource efficiency. 
One useful information could be to indicate whether the RSRP of each RA attempt is above rsrp-ThresholdMsg3 or not. For example, if for one RACH resource set NW receives many RA reports with larger number of RA attempts it might implies the coverage is insufficient or there is a RA load issues or both. If contention detected flag indicates there is no congestion in RA resource while most of the RA attempts indicate the RSRP threshold is larger than rsrp-ThresholdMsg3, then NW could deduce that the threshold is set too high that the target UE doesn’t make use of the Msg3 repetition feature as intended. 

Observation 8: For RA with large number of RA attempts yet no contention issue is detected, if RSRP of most RA attempt is above rsrp-ThresholdMsg3, it could imply rsrp-ThresholdMsg3 is set too high that target UE cannot make use of the Msg3 repetition resource as intended.
Based on above analysis, it is proposed to include indication to indicate whether RSRP of selected beam is above rsrp-ThresholdMsg3 or not per RA attempt.

Proposal 5: UE includes indication to indicate whether RSRP of selected beam is above rsrp-ThresholdMsg3 or not per RA attempt.
For aforementioned issue if Msg3 repetition is applied but the repetition number configured is too large or too small it can also leads to down-grade in Msg3 repetition performance. Therefore it is also useful to include the repetition number configured for the Msg3 repetition to help NW evaluate the optimal repetition number. 
Proposal 6: Include Msg3 repetition number configured and applied for the RA procedure.  
Conclusion and proposals

Based on above analysis, we have the following observations and proposals: 

Observation 1: In NR RACH optimization is achieved by including both RACH resource and performance information in RA report, which can also be used for study of RACH partitioning relevant optimization.
Proposal 1: RACH partitioning relevant RACH report includes both RA resource and performance information.

RACH resource information

Observation 2: A RACH partition is a portion of RACH resource shared by one or more features indicated by FeatureCombination, thus featureCombination information is needed to help evaluate the RA load or utilize rate of different combination of features.
Observation 3: A RACH partition could be configured to only utilize part of the RACH resource by preamble division, where the associated  preambles are presented by a starting preamble index indicated by startPreambleForThisPartition-r17 and the total number of preambles indicated by numberOfPreamblesForThisPartition-r17 respectively.

Proposal 2: Include in the RA report the featureCombination information associated to utilized RACH resource when RA procedure is initiated for corresponding feature indicated by the FeatureCombination.
Proposal 3: Other than the existing RA resource information included in RA report, UE also includes below parameters in RA report if it is configured for the corresponding RA partition associated to this RA procedure:

The starting preamble index associated to this RA partition

The total number of preambles associated to this RA partition

RACH performance information

Observation 4: When selected BWP is configured with both RA resource with/without Msg3 repetition, UE compares downlink pathloss reference with configured threshold rsrp-ThresholdMsg3 to decide whether Msg3 repetition is applicable for the RA procedure.

Observation 5: Include whether Msg3 repetition is applied in the RA procedure can help NW to evaluate the performance of Msg3 repetition thus decide whether to configure Msg3 repetition or not.

Observation 6: R17 UE will include RSRP of downlink pathloss reference for 2step RA which can be extend to 4step RA as well for fine tuning of Msg3 repetition determination threshold.
Observation 7: NW needs to carefully decide how to configure Msg3 repetition( e.g., threshold used for Msg3 repetition determination and repetition number) to balance the RACH load and resource efficiency. 
Observation 8: For RA with large number of RA attempts yet no contention issue is detected, if RSRP of most RA attempt is above rsrp-ThresholdMsg3, it could imply rsrp-ThresholdMsg3 is set too high that target UE cannot make use of the Msg3 repetition resource as intended.

Proposal 4: UE includes RSRP of downlink pathloss reference for 4-step RA.
Proposal 5: UE includes indication to indicate whether RSRP of selected beam is above rsrp-ThresholdMsg3 or not per RA attempt.
Proposal 6: Include Msg3 repetition number configured and applied for the RA procedure.  
All proposals for easy reference:

Proposal 1: RACH partitioning relevant RACH report includes both RA resource and performance information.

Proposal 2: Include in the RA report the featureCombination information associated to utilized RACH resource when RA procedure is initiated for corresponding feature indicated by the FeatureCombination.
Proposal 3: Other than the existing RA resource information included in RA report, UE also includes below parameters in RA report if configured for the corresponding RA partition associated to this RA procedure:

The starting preamble index associated to this RA partition

The total number of preambles associated to this RA partition

Proposal 4: UE includes RSRP of downlink pathloss reference for 4-step RA.
Proposal 5: UE includes indication to indicate whether RSRP of selected beam is above rsrp-ThresholdMsg3 or not per RA attempt.
Proposal 6: Include Msg3 repetition number configured and applied for the RA procedure.  
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