[bookmark: _Ref452454252]3GPP TSG-RAN WG3 Meeting #119bis-e                                                      	R3-231341
E-meeting, April 17th – April 26th, 2023                                    
	 
Agenda item:	10.2.3
Source:	Qualcomm Incorporated
Title:	RACH optimization enhancements
Document for:	Discussion and Decision
1. Introduction 
In this paper, we further discuss RACH optimization enhancements based on the agreements and open issues identified last RAN3 meeting.
2. Discussion 
2.1 SN RA Report
In the LS R2-2211164/R3-226053, RAN3 mentioned that:
RAN3 believes that if RAN2 decides to support SN RA Report for EN-DC and (NG)EN-DC, the UE should report the PSCell identity outside the RACH report to help an eNB forward the report to the correct node without the need to decode the RACH report.

RAN2 made the following agreements:

To have “a list of SN RA report entries as a single NR container (i.e., NR RA-ReportList)”
UE reports NR RACH Report to LTE cell when the UE is in standalone LTE is not supported in Rel-18

Also, RAN2 sent an LS in R2-2302066: 

RAN2 discusses the following alternatives regarding how the UE includes the PSCell identities:

Alt 1: Includes 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

Alt 2: Includes the last PSCell identity (in NR RA-ReportList)

Observation 1: RAN2 has requested clarification/feedback from RAN3 on how to include the PSCell identity outside the RA Report container and has provided two alternatives:
· Alt 1: Includes 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
· Alt 2: Includes the last PSCell identity (in NR RA-ReportList)


RAN3’s original motivation behind including the PSCell identity outside the RA Report is because the eNB (or ng-eNB) receiving the RA Report can’t decode the RA-ReportList-r16 sent by UE (encoded in NR format and sent as container to eNB/ng-eNB) and hence might not know where to forward it.

Consider the following example where a UE in EN-DC (say camped on E-UTRA PCell 1 and NR PSCell 1) undergoes multiple RA procedures on PCells and PSCells as follows before the RA Report is finally retrieved:
· RACH on NR PSCell 1 (UL sync issue)
· RACH on NR PSCell 1 (UL sync issue)
· RACH on NR PCell 2 (handover; switch from EN-DC to NR-DC)
· RACH on NR PSCell 2 (PSCell change)
· RACH on NR PSCell 3 (PSCell change)
· RACH on E-UTRA PCell 3 (handover; switch back from NR-DC to EN-DC)
· RACH on PSCell 4 (PSCell change)
· RA report is finally retrieved by PCell 3

We compare Alt 1 vs. Alt 2 for the above example

	Alt 1: Includes 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

	Alt 2: Includes the last PSCell identity (in NR RA-ReportList)

	RACH-Report-r18
{
              // NR RA Report container
RA-ReportList-r16 
{ 
  RA-Report-r16 for PSCell 1
  RA-Report-r16 for PSCell 1
  RA-Report-r16 for PCell 2
  RA-Report-r16 for PSCell 2
  RA-Report-r16 for PSCell 3
  RA-Report-r16 for PSCell 4
}
              PSCellidentity [1, 2, 3, 4]

         // LTE RACH Report
         RACH-Report-r16 for PCell 3
}

Uu overhead to add the list of PSCell identities

Adds further complexity at the UE as it needs UE to determine the duplicate PSCell identities

	RA-ReportList-r18
{
              // NR RA Report container
RA-ReportList-r16
{ 
  RA-Report-r16 for PSCell 1
  RA-Report-r16 for PSCell 1
  RA-Report-r16 for PCell 2
  RA-Report-r16 for PSCell 2
  RA-Report-r16 for PSCell 3
  RA-Report-r16 for PSCell 4
}
   lastPSCellidentity 4 (current serving PSCell)

         // LTE RACH Report
         RACH-Report-r16 for PCell 3
}


No Uu overhead. Last PSCell identity is simply the current serving PSCell and there is no need to indicate this explicitly as well.

	PCell 3 which receives RA-ReportList-r18 forwards the RA-ReportList-r16 to all the PSCells indicated in the list

Each PSCell which receives the SN RA Report has to filter and route the RA Report(s) to appropriate PCells and PSCells, but this can lead to a lot of unnecessary/duplicate forwarding of RA reports from every PSCell in the list to other PSCells/PCells 
	PCell 3 which receives RA-ReportList-r18 simply forwards the RA-ReportList-r16 to the last PSCell identity (PSCell 4).

PSCell 4 does all the filtering and routes the RA Report(s) to appropriate PCells and PSCells. No duplicate forwarding here.



The simplest option is Alt 2 where the eNB/ng-eNB retrieving the RA Report can send the entire RA-ReportList to the last PSCell identity (current serving PSCell). The last serving gNB which can read the RA-ReportList can filter the RA reports (based on cell ID) if needed and send it to the appropriate gNB-DUs or other NG-RAN nodes.

Observation 2: Alt 1 has several drawbacks compared to Alt 2 e.g., i) duplicate/unnecessary forwarding of RA Reports to every PSCell without filtering, ii) additional Uu overhead, iii) additional UE complexity to determine the duplicate PSCell identities in RA Report

Observation 3: Since RAN2 deprioritized the scenario that UE reports NR RA Report to LTE cell when UE is in standalone LTE, “last PSCell identity” in Alt 2 will always be the current serving PSCell 

Proposal 1: Send reply LS to RAN2 clarifying the following 
· Alt 1 is not preferred from RAN3 perspective as it might result in unnecessary/duplicate forwarding of RA reports to every PSCell without filtering
· Regarding Alt 2, since RAN2 deprioritized the scenario that UE reports NR RA Report to LTE cell when UE is in standalone LTE, “last PSCell identity” will always be the current serving PSCell and hence there is no need for UE to include any PSCell identity in RA-Report.
· The MN which receives the NR RA Report container in LTE RA Report can simply forward the container to the current serving PSCell, which can filter and route the RA Report(s) appropriately
2.2 RA Report Enhancements
Some enhancements related to RACH partitioning in RA Report were proposed in the previous meetings RA report enhancements to handle the scenario where RACH partitioning changes by the time RA Report is retrieved and how to associate the received RA Report with the “old” RACH partitioning configuration and hence the following FFS was captured

Option 1: Include the feature priority
Option 2: Include the RACH partition configuration related information (e.g., start preamble / number of preambles in the RA partition)
Option 3: Include the time between RACH access that led to the generation of a RA Report and reporting of the RA Report
Option 4: The network controls the UE to report RA information

The motivation behind these proposals is that the gNB might have reconfigured the RACH partitions by the time UE reported the RA-Report (can report up to 48 hours) and therefore gNB won’t be able to associate the RA report with a certain RACH partitioning configuration. 


	Option 1 and Option 2: UE can report some parameters related to feature combination related RACH configuration (e.g., feature priorities, start preamble index and/or the number of preambles in the partition) in the RA-Report

	Feature priorities and FeatureCombinationPreambles (that includes start preamble index, number of preambles in the partition) are signaled in SIB1 (ServingCellConfigCommon or RACH-ConfigCommon) and is common to all the UEs in the cell

Pros: No need to maintain any new timers in the UE

Cons: It seems redundant to request every UE in the cell to report these parameters back to the network, just because the RACH partitions have changed.



	Option 3: UE just reports the time between the start of RA procedure and RA Report retrieval in RA-Report 

(No need to report the time between each RA attempt and RA report retrieval as that would mean maintaining multiple timers and unnecessary)

	gNB can figure out the feature combination related RACH configuration (e.g., feature priorities) via this timer

Similar timers between event and report retrieval are part of RLF Report, SCGFailureInformation and also being discussed for SHR. 

Pros: No need for UE to report the feature combination related RACH configuration parameters back to the gNB

Cons: Need to a new maintain timer (between the start of RA procedure and RA Report retrieval) in the UE. 
Uu overhead and accurateness depends on granularity of timer (e.g., in seconds/minutes/hours). If we have to ensure that the association can be done even if RA-Report is sent after a duration of 48 hours (48*3600 = 172000), we would need 18 bits if the granularity is seconds



Observation 4: Feature priorities and FeatureCombinationPreambles (that includes start preamble index, number of preambles in the partition) are signaled in SIB1 (ServingCellConfigCommon or RACH-ConfigCommon) and is common to all the UEs in the cell. It might be redundant to request every UE in the cell to report these parameters back to the network, just because the RACH partitions have changed.

Observation 5: In case of option 3 (UE to report the time between the start of RA procedure and RA Report retrieval), the Uu overhead and accurateness of the timer depends on granularity of timer e.g., to represent the timer for a max duration of 48 hours, we would need 18 bits if we use the granularity of seconds and can take lesser bits if granularity of minutes is sufficient

Looking at the pros/cons, we prefer Option 3 i.e., UE just reports the time between the start of RA procedure and RA Report retrieval in RA Report and no need to support Option 1 or 2 (i.e., no need to report feature combination related RACH parameters). We can leave it up to RAN2 to decide at what granularity this is to be reported (e.g., in the order of minutes or seconds)
Proposal 2: In order to handle the scenario where RACH partitioning changes by the time RA Report is retrieved and to associate the received RA Report with the “old” RACH partitioning configuration, UE can optionally report the time between the start of RA procedure and RA Report retrieval in RA Report. Send LS to RAN2 to provide the specification support for the same. It is up to RAN2 to decide at what granularity this timer is to be reported (e.g., minutes or seconds)
3. Conclusion

SN RA Report

Observation 1: RAN2 has requested clarification/feedback from RAN3 on how to include the PSCell identity outside the RA Report container and has provided two alternatives:
· Alt 1: Includes 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
· Alt 2: Includes the last PSCell identity (in NR RA-ReportList)

Observation 2: Alt 1 has several drawbacks compared to Alt 2 e.g., i) duplicate/unnecessary forwarding of RA Reports to every PSCell without filtering, ii) additional Uu overhead, iii) additional UE complexity to determine the duplicate PSCell identities in RA Report

Observation 3: Since RAN2 deprioritized the scenario that UE reports NR RA Report to LTE cell when UE is in standalone LTE, “last PSCell identity” in Alt 2 will always be the current serving PSCell 

Proposal 1: Send reply LS to RAN2 clarifying the following 
· Alt 1 is not preferred from RAN3 perspective as it might result in unnecessary/duplicate forwarding of RA reports to every PSCell without filtering
· Regarding Alt 2, since RAN2 deprioritized the scenario that UE reports NR RA Report to LTE cell when UE is in standalone LTE, “last PSCell identity” will always be the current serving PSCell and hence there is no need for UE to include any PSCell identity in RA-Report.
· The MN which receives the NR RA Report container in LTE RA Report can simply forward the container to the current serving PSCell, which can filter and route the RA Report(s) appropriately

RA Report enhancements

Observation 4: Feature priorities and FeatureCombinationPreambles (that includes start preamble index, number of preambles in the partition) are signaled in SIB1 (ServingCellConfigCommon or RACH-ConfigCommon) and is common to all the UEs in the cell. It might be redundant to request every UE in the cell to report these parameters back to the network, just because the RACH partitions have changed.

Observation 5: In case of option 3 (UE to report the time between the start of RA procedure and RA Report retrieval), the Uu overhead and accurateness of the timer depends on granularity of timer e.g., to represent the timer for a max duration of 48 hours, we would need 18 bits if we use the granularity of seconds and can take lesser bits if granularity of minutes is sufficient

Proposal 2: In order to handle the scenario where RACH partitioning changes by the time RA Report is retrieved and to associate the received RA Report with the “old” RACH partitioning configuration, UE can optionally report the time between the start of RA procedure and RA Report retrieval in RA Report. Send LS to RAN2 to provide the specification support for the same. It is up to RAN2 to decide at what granularity this timer is to be reported (e.g., minutes or seconds)
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