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Introduction
In RAN2#122 meeting, based on the contributions, the following agreements have been achieved:

	RAN2 confirms agreed “used feature combination” is all the features configured in the FeatureCombination applied for the RACH procedure.

Feature specific RACH information is included in RA-InformationCommon and is also included for RLF report and CEF report.

Not include the number of Msg3 repetition applied in RACH procedure in RA report.

SN RACH Report

When reporting SN NR RA-report to LTE BS, the unique PSCell identities (i.e. if a PSCell occurs more than once in NR RA-ReportList, it is recorded only once in the list of PSCell identities) are included outside the NR RA report container.

evert the agreement that UE does not support reporting NR RA report to LTE when it is in standalone LTE mode i.e., eNB may fetch the NR RA report irrespective to whether the UE is in single connectivity or dual connectivity.

No need to introduce availability bit to notify LTE BS there are available NR RA report for fetching.

Enhance the LTE UE information Request procedure with NR RA-Report request flag to fetch the NR RA-Report in LTE.

For NR RACH report, UE performs RPLMN checking before sending the NR RACH report to LTE BS.

A new UE capability is introduced to indicate whether UE supports NR RACH Report in LTE.

Send LS to inform RAN3 about our agreements. (ZTE, #577)


The contribution intends to discuss remaining RACH report enhancements including RACH partitioning, SDT information, power information, raPurpose for SCells, and then our proposals will be given. 
Discussion
RACH performance information

According to existing specs, it is allowed for NW to reserved dedicate resource for one or more combination of features, which means dedicated RA resource for Msg3 repetition only is also possible. While according to current specs, if a BWP is configured with both Msg3 repetition applicable and not applicable resource, UE will need to based on the rsrp-ThresholdMsg3 to decide if Msg3 repetition is used or not. 
Observation 1: Current specs allows reserved RA resource only for Msg3 repetitious, where UE needs to compare downlink pathloss reference with configured threshold rsrp-ThresholdMsg3 to decide whether Msg3 repetition is applicable for the RA procedure in case selected BWP is configured with both RA resource with/without Msg3 repetition. 

Since It is possible to configure RA resource dedicated to Msg3 repetition, then it shall be evaluate that whether the configured RA resource is properly used which requires information on the Ms3 repetition performance. For example, if the threshold is set to high, and there is very little UE can make use of the RA resource reserved for Msg3 repetition, which will lead to waste of RA resource reserved. If the threshold is set too low, might lead to unnecessary Msg3 repetition as well as RA congestion, which will down-grade the RA performance. Therefore, it is beneficial to includes information to help NW to fine-tuning of the threshold used for determine whether Msg3 repetition is applicable. 
Observation 2: Proper configuration of Msg3 repetition threshold is beneficial for improving the resource efficiency therefore help optimize the RA resource division among features.

It has been mentioned that based on the triggered feature included in RA report NW can know of the RSRP threshold is above Msg3-Threshold or not, which is true. However since the intention is for fast-fine tuning of Msg3 Threshold values, similar to what we have agreed for setting the RSRP Threshold for RA type selection, to includes directly the threshold value (i.e., dlPathlossRSRP in RA report) when RA is triggered is more straightforward. It shall be noticed that current RA report can already support to include to RSRP threshold upon RA initiation, when 2step RA is selected, to extend the behavior to 4step RA, it is possible to reuse the same IE for 4step RA case, the only updates needed is UE procedure.

Observation 3: dlPathlossRSRP in 2step RA report is introduced to help with the fine tuning of rsrp-ThresholdMsgA for RA type selection, which can be easily reused for the fine tuning of rsrp-ThresholdMsg3. The only required update is to update UE procedure description to allow inclusion of dlPathlossRSRP for 4step RA report
Proposal 1: UE includes RSRP of downlink pathloss reference in 4-step RACH report.
RACH resource information

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 4: 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.
To known the detailed division of RA resources, together with other information included (e.g., perRAInfoList) can help NW understands if the failed RA attempt is due to the RA load on certain feature is higher than the RA resource assigned for the feature therefore help optimizing the RA resource partition. 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.

Observation 5: To known the detailed division of RA resources, together with other information included (e.g., perRAInfoList) can help NW understands if the RA load on certain feature is matched with the RA resource assigned therefore help improving the resource allocation among features.
There are different methods proposed to include featureCombination relevant configuration relevant information at UE’s side, which are given as below:

Opt1:Include the starting preamble index associated to this RA partition and total number of preambles associated to this RA partition in RA report
Opt2:Introduce a configuration information (e.g., 32 bits)associated to UE configuration
Opt3: Introduce a time information indicating the time RA was completed
Observation 6: There are different methods proposed to include featureCombination relevant configuration information at UE’s side, which is given as below:

Opt1:Include the starting preamble index associated to this RA partition and total number of preambles associated to this RA partition in RA report

Opt2:Introduce a configuration information (e.g., 32 bits)associated to UE configuration

Opt3: Introduce a time information indicating the time RA was completed
Option 1 is simple and straightforward but requires UE to report back NW configured parameters. For option 2, NW needs to provide configuration information associated to UE RACH configuration in advance and UE needs to report back the configuration information when selecting corresponding resource for RACH, which double the siganlling overhead in both configuration and reports. What’s worse, in order to support this behavior for all states of UE, the only signalling method to provide such configuration information is via SIB, which increase the size of system information. Since RA report is only used for optimization, the gain is not worthy compared to the extra burden caused for UE to decode an SIB with increased size. Also considers there will be more than one set of configuration, how to design the configuration information and associate it to one or more configuration will demand extra time in RAN2 to discuss while the time budget is quite limited. 

Observation 7: Opt2 of observation 6 increases the signalling overhead in both configuration and reports ,and will lead to increased SIB size, while the gain is not obvious. It also requires extra discussion in RAN2 to decide detailed signalling while the time budget is quite limited.

Opt3 is to introduce a time information in RACH report to indicate the time when the RACH is completed. Similar to the logic used in opt2, it is possible that NW can memorize a sets of configuration for a set of UEs, and its validity time. Then with the time information reported, NW is able to by implementation to look for the configuration associated to a given time. Different from opt2, there is no pre-configuration required. And since RA report can only stores up to 48 hours, then only 18 bits could be sufficient to indicate the time the RACH has initiated. If NW doesn’t consider the time in seconds, the size required can be even reduced to 12 bits, which is much smaller compared to that of opt2. 

Observation 8: Time information serves similar purpose as configuration information of opt 2 which requires no pre-configuration and the overall signalling overhead in reports is smaller than opt2. 

In general ,opt 2 requires much more specs work compared to opt1/3 while the gain is not obvious. Therefore it is proposed that RAN2 selects between opt1 and opt 3 for including feature combination configuration in RACH report.
Proposal 2: RAN2 decides between below two options to allow fetching feature combination configuration in RACH report:

Opt1: UE includes the starting preamble index associated to this RA partition and the total number of preambles associated to this RA partition of RA resource used in the RA procedure
Opt2: UE includes the time information when RACH procedure is completed

Inclusion of SDT information

It has been agreed that SDT information can be included in the RA report when SDT fails, while the detailed information can be included has not been discussed yet. In SDT, a data volume threshold (e.g., sdt-DataVolumeThreshold) can be configured to UE, in case it is configured, then UE can trigger SDT when buffering data is smaller than the configured threshold. In order to help NW to perform fine tuning of the threshold configured for SDT triggers, it would be beneficial for UE to report the data volume buffered by UE when SDT fails, so that NW can decide how to configure the threshold properly for subsequent SDT transmission. 

Observation 9: It is beneficial for UE to report the data volume buffered by UE when SDT fails, so that NW can decide how to configure the threshold properly for subsequent SDT transmission.

Proposal 3: When SDT fails, UE includes the data volume buffered at UE side in RA report.
According to current specs, the failed SDT transmission could be due to different reasons, e.g, random access problem, due to expiry of T319a, or due to reaches max number of RLC re-transmission, which may require different optimizing strategies. For example, in case the failed SDT is due to expiry of T319a, it could mean the configuration of T319a may need to be optimized. Therefore it is proposed to include the failure cause (e.g., expiry of T319a) when SDT fails.

Observation 10: Including failure cause of SDT fails in the RACH report can help NW to analyze the root cause of failed SDT procedure.

Proposal 4: UE includes the failure cause of SDT (e.g., expiry of T319a) when SDT fails.
On transmission power information

--------------------------------------------------------------- From TS 38.321 -------------------------------------------------------------
The MAC entity shall, for each Random Access Preamble:

1>
if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and

1>
if the notification of suspending power ramping counter has not been received from lower layers; and

1>
if LBT failure indication was not received from lower layers for the last Random Access Preamble transmission; and

1>
if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:

2>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1.

--------------------------------------------------------------- From TS 38.321 -------------------------------------------------------------

It is agreed last meeting that an indication is introduced to indicate whether LBT failure has been detected for the last preamble transmission prior to change of beam, with the intention to allow NW to derive the correct power ramping performed during RA procedure. However, it is noticed that in current specs (as highlighted above), UE may suspend the power ramping when received notification of suspending power ramping counter from lower layers.While there are no such information stored in the RA report, therefore it is impossible for NW to derive correctly the power ramping performed during the RA procedure.   

Observation 11: Power ramping during RA procedure can be impacted by LBT indication and notification from lower layers to suspend power ramping, while there are no information in RA report for the later one, which makes it impossible for NW to derive transmission power correctly.

To allow NW to derive the power ramping time correctly, it is proposed to introduce an indication to indicate if notification of suspending power ramping counter has been received from lower layers per RA attempt.
Proposal 5: Introduce in RA report an indication to indicate whether notification of suspending power ramping counter has been received from lower layers per RA attempt.

Clarification on raPurpose for SCells

One thing that has been spotted during the running CR discussion for RACH report is on how UE sets the raPurpose field when consistent LBT failure detected in SCells. 

--------------------------------------------------------------- From TS 38.321 -------------------------------------------------------------
For each activated Serving Cell configured with lbt-FailureRecoveryConfig, the MAC entity shall:

1>
if LBT failure indication has been received from lower layers:

2>
start or restart the lbt-FailureDetectionTimer;

2>
increment LBT_COUNTER by 1;

2>
if LBT_COUNTER >= lbt-FailureInstanceMaxCount:

3>
trigger consistent LBT failure for the active UL BWP in this Serving Cell;

3>
if this Serving Cell is the SpCell:

4>
if consistent LBT failure has been triggered in all UL BWPs configured with PRACH occasions on same carrier in this Serving Cell:

5>
indicate consistent LBT failure to upper layers.
4>
else:

5>
stop any ongoing Random Access procedure in this Serving Cell;

5>
switch the active UL BWP to a UL BWP, on same carrier in this Serving Cell, configured with PRACH occasion and for which consistent LBT failure has not been triggered;

5>
initiate a Random Access Procedure (as specified in clause 5.1.1).

/*Unrelevant part omitted/*

The MAC entity shall:

1>
if consistent LBT failure has been triggered, and not cancelled, in the SpCell; and

1>
if UL-SCH resources are available for a new transmission in the SpCell and these UL-SCH resources can accommodate the LBT failure MAC CE plus its subheader as a result of logical channel prioritization:

2>
instruct the Multiplexing and Assembly procedure to generate the LBT failure MAC CE.
1>
else if consistent LBT failure has been triggered, and not cancelled, in at least one SCell:

2>
if UL-SCH resources are available for a new transmission in a Serving Cell for which consistent LBT failure has not been triggered and these UL-SCH resources can accommodate the LBT failure MAC CE plus its subheader as a result of logical channel prioritization:

3>
instruct the Multiplexing and Assembly procedure to generate the LBT failure MAC CE.

2>
else:

3>
trigger a Scheduling Request for LBT failure MAC CE.
--------------------------------------------------------------- From TS 38.321 -------------------------------------------------------------

According to highlighted text of current MAC specs as given above, only consistent LBT failure detected in SpCells will initiate RACH procedure. And for consistent LBT failure detected in SCell, if there are available UL resource to transmits LBT MAC CEs UE will use it to transmits LBT MAC CE, otherwise UE will trigger SR. 

Observation 12: Consistent LBT failure in SCell cannot trigger RACH, but can trigger SR that may lead to RACH if the SR fails or if there are no PUCCH resource available for triggered RACH, which implies improper SR configuration in SCells. 
In this case if the SR fails or SR is triggered but there are no available PUCCH resource, UE then will trigger RACH, which means the RA purpose of RACH is SR failure or SR triggered but not PUCCH resource available. In this case the RACH is triggered due to wrong SR configuration, which may requires optimization. NW can make use of the raPurpose, e.g., to filter the RACH report triggered by SR relevant events, to know whether there is a demand for SR configuration optimization. Therefore UE shall set raPuspose to SchedulingRequestFailure when the consistent LBT failures in SCells triggers SR and the SR fails or set the raPurpose to noPUCCHResourceAvailable when consistent LBT failures in SCells triggers SR but there are no available PUCCH resource

Observation 13: In order for NW to filter the RA report based on raPurpose for specific events, the raPurpose in SCells shall be set to the correct triggering events to allow correct optimization. 

Proposal 6: UE sets raPuspose to SchedulingRequestFailure when the consistent LBT failures in SCells triggers SR and the SR fails or sets the raPurpose to noPUCCHResourceAvailable when consistent LBT failures in SCells triggers SR but there are no available PUCCH resource.
Conclusion and proposals

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

RACH performance information

Observation 1: Current specs allows reserved RA resource only for Msg3 repetitious, where UE needs to compare downlink pathloss reference with configured threshold rsrp-ThresholdMsg3 to decide whether Msg3 repetition is applicable for the RA procedure in case selected BWP is configured with both RA resource with/without Msg3 repetition. 

Observation 2: Proper configuration of Msg3 repetition threshold is beneficial for improving the resource efficiency therefore help optimize the RA resource division among features.

Observation 3: dlPathlossRSRP in 2step RA report is introduced to help with the fine tuning of rsrp-ThresholdMsgA for RA type selection, which can be easily reused for the fine tuning of rsrp-ThresholdMsg3. The only required update is to update UE procedure description to allow inclusion of dlPathlossRSRP for 4step RA report
Proposal 1: UE includes RSRP of downlink pathloss reference in 4-step RACH report.
RACH resource information

Observation 4: 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.
Observation 5: To known the detailed division of RA resources, together with other information included (e.g., perRAInfoList) can help NW understands if the RA load on certain feature is matched with the RA resource assigned therefore help improving the resource allocation among features.
Observation 6: There are different methods proposed to include featureCombination relevant configuration information at UE’s side, which is given as below:

Opt1:Include the starting preamble index associated to this RA partition and total number of preambles associated to this RA partition in RA report

Opt2:Introduce a configuration information (e.g., 32 bits)associated to UE configuration

Opt3: Introduce a time information indicating the time RA was completed
Observation 7: Opt2 of observation 6 increases the signalling overhead in both configuration and reports ,and will lead to increased SIB size, while the gain is not obvious. It also requires extra discussion in RAN2 to decide detailed signalling while the time budget is quite limited.

Observation 8: Time information serves similar purpose as configuration information of opt 2 which requires no pre-configuration and the overall signalling overhead in reports is smaller than opt2. 

Proposal 2: RAN2 decides between below two options to allow fetching feature combination configuration in RACH report:

Opt1: UE includes the starting preamble index associated to this RA partition and the total number of preambles associated to this RA partition of RA resource used in the RA procedure
Opt2: UE includes the time information when RACH procedure is completed

Inclusion of SDT information

Observation 9: It is beneficial for UE to report the data volume buffered by UE when SDT fails, so that NW can decide how to configure the threshold properly for subsequent SDT transmission.

Observation 10: Including failure cause of SDT fails in the RACH report can help NW to analyze the root cause of failed SDT procedure.

Proposal 3: When SDT fails, UE includes the data volume buffered at UE side in RA report.

Proposal 4: UE includes the failure cause of SDT (e.g., expiry of T319a) when SDT fails.
On transmission power information

Observation 11: Power ramping during RA procedure can be impacted by LBT indication and notification from lower layers to suspend power ramping, while there are no information in RA report for the later one, which makes it impossible for NW to derive transmission power correctly.

Proposal 5: Introduce in RA report an indication to indicate whether notification of suspending power ramping counter has been received from lower layers per RA attempt.

Clarification on raPurpose for SCells

Observation 12: Consistent LBT failure in SCell cannot trigger RACH, but can trigger SR that may lead to RACH if the SR fails or if there are no PUCCH resource available for triggered RACH, which implies improper SR configuration in SCells. 

Observation 13: In order for NW to filter the RA report based on raPurpose for specific events, the raPurpose in SCells shall be set to the correct triggering events to allow correct optimization. 

Proposal 6: UE sets raPuspose to SchedulingRequestFailure when the consistent LBT failures in SCells triggers SR and the SR fails or sets the raPurpose to noPUCCHResourceAvailable when consistent LBT failures in SCells triggers SR but there are no available PUCCH resource.
All proposals for easy reference:

Proposal 1: UE includes RSRP of downlink pathloss reference in 4-step RACH report.
Proposal 2: RAN2 decides between below two options to allow fetching feature combination configuration in RACH report:

Opt1: UE includes the starting preamble index associated to this RA partition and the total number of preambles associated to this RA partition of RA resource used in the RA procedure
Opt2: UE includes the time information when RACH procedure is completed

Proposal 3: When SDT fails, UE includes the data volume buffered at UE side in RA report.

Proposal 4: UE includes the failure cause of SDT (e.g., expiry of T319a) when SDT fails.
Proposal 5: Introduce in RA report an indication to indicate whether notification of suspending power ramping counter has been received from lower layers per RA attempt.

Proposal 6: UE sets raPuspose to SchedulingRequestFailure when the consistent LBT failures in SCells triggers SR and the SR fails or sets the raPurpose to noPUCCHResourceAvailable when consistent LBT failures in SCells triggers SR but there are no available PUCCH resource.
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