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Introduction

Similar as LTE RO, RACH Optimization in NR consists two parts. One is leverage UE reported information, the other is exchange PRACH parameters between NG RAN nodes.
	TS 38.300 BL CR

RACH optimization is supported by UE reported information made available at the NG RAN node and by PRACH parameters exchange between NG RAN nodes.


This contribution provides our consideration on left issues relate RACH report from UE.
Discussion
In the last meeting, it is agreed that the final RACH OPTIMIZATION is decide by DU. The following table show necessary information for DU to leveraged for RO purpose. The last one highlight in blue is provided by UE and only can be retrieved by CU. 
	Factor collection for setting of RACH parameters in DU[ Annex ][1]

	The cubic metric of the preambles allocated to a cell

	whether the cell is in high-speed mode or not

	uplink (UL) and downlink (DL) imbalances

	RACH load

	the uplink inter-cell interference from the Physical Uplink Shared Channel (PUSCH)

	uplink and supplementary uplink (SUL) imbalances,

	PUSCH load

	UE measurement report (e.g RACH report)


Observation 1: Without the information in the DU, CU alone does not able to analysis the RACH configuration sub-optimization correctly. 
As shown below in BLCR of TS 38.331, RACH report record is created after a successful random access. The failure or successful RACH attempt will recorded in the chronological order. The information is useful for RO decision in DU.

	5.7.x1.4
Actions upon successful completion of random-access procedure

The UE shall:
1>
if the number of RA-Report stored in the RA-ReportList is less than 8, then append the following contents associated to the successfully completed random-access procedure as a new entry in the VarRA-Report:

2>
if the list of EPLMNs has been stored by the UE:

3>
if the RPLMN is included in plmn-IdentityList stored in VarRA-Report:
4>
set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN);
3>
else:
4>
clear the information included in VarRA-Report;
2>
else:

3>
set the plmn-Identity to the PLMN selected by upper layers from the PLMN(s) included in the plmn-IdentityList in SIB1;
2>
set the cellId to the global cell identity and the tracking area code of the cell in which the random-access procedure was performed;

2>
set the absoluteFrequencyPointA to indicate the absolute frequency of the reference resource block associated to the random-access resources;

2>
set the locationAndBandwidth and subcarrierSpacing associated to the UL BWP of the random-access resources;

2>
set the msg1-FrequencyStart, msg1-FDM and msg1-SubcarrierSpacing associated to the random-access resources;

2>
set the raPurpose to include the purpose of triggering the random-access procedure;

2> set the parameters associated to individual random-access attempt in the chronological order of attmepts in the perRAInfoList as specified in 5.3.10.3:



Although RACH report information is useful for RO decision, it does not necessary for CU to retrieve all RACH report from all UEs in its serving cells. It is because RACH report created not only only in failure RACH access attempt but also in successful RACH access attempt. The information is needed when RAN node has to analysis possible RACH issues in the cells (e.g. RACH configuration sub-optimized). 

In addition, in MSG5 definition, UE does not able to indicate RAN node whether a RACH record need to be send to RAN for further analysis.  
Observation 2: Always retrieve RACH report from all UEs is not necessary. 

Based on above observations, since CU is lack of necessary information (e.g. uplink (UL) and downlink (DL) imbalances, RACH load etc), it is not possible for CU retrieve RACH report from UE for DUs in case of RACH configuration sub-optimized. Therefore when DU detect sub-optimal RACH configuration,DU can indicate to CU to retrieve UE’s RACH reports in requested Cells.
Proposal 1: DU sends RACH optimization indication to CU to trigger the UE Reported information (RACH report) acquisition over Uu interface.
As discussed above, the indication message send from DU to CU with the objective to trigger CU retrieve UE RACH report for the Cell. Therefore, the message should be designed as non UE associated type. DU can resend the message to CU until RACH configuration still be detected as sub-optimization.Therefore a Class 2 type is used for the message.

Proposal 2: To introduce a class 2 non UE associated RACH optimization indication procedure to trigger CU retrieve UE RACH report from UE.

After receiving RACH optimization indication message, CU starts to retrieve UE RACH Report with RRC UE information procedure from RRC_CONNECTED UE. Since the retrieved RACH report come from UE has UE context in DU, it is straightforward to use UE associating signalling.
Proposal 3: gNB-CU provides RACH report from UE via UE CONTEXT MODIFICATION REQUEST message.
3. Conclusion

In this contribution , the observation and proposals are:
Observation 1: Without the information in the DU, CU alone does not able to analysis the RACH configuration sub-optimization correctly.

Observation 2: Always retrieve RACH report from all UEs is not necessary.

Proposal 1: DU sends RACH optimization indication to CU to trigger the UE Reported information (RACH report) acquisition over Uu interface.

Proposal 2: To introduce a class 2 non UE associated RACH optimization indication procedure to trigger CU retrieve UE RACH report from UE.

Proposal 3: gNB-CU provides RACH report from UE via UE CONTEXT MODIFICATION REQUEST message.
Proposal 4:Corresponding CR provided in [2][3].
4. References

R1-19135784 Reply LS on PRACH configuration conflict detection

Annex –TP for SON BL CR for TS 38.473 

-------------------------------------------------Start of change------------------------------------------------------------
8
F1AP procedures

8.1
List of F1AP Elementary procedures

In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):

Table 2: Class 2 procedures

	Elementary Procedure
	Message

	Error Indication
	ERROR INDICATION

	UE Context Release Request (gNB-DU initiated)
	UE CONTEXT RELEASE REQUEST

	Initial UL RRC Message Transfer
	INITIAL UL RRC MESSAGE TRANSFER

	DL RRC Message Transfer
	DL RRC MESSAGE TRANSFER

	UL RRC Message Transfer
	UL RRC MESSAGE TRANSFER

	UE Inactivity Notification 
	UE INACTIVITY NOTIFICATION

	System Information Delivery
	SYSTEM INFORMATION DELIVERY COMMAND

	Paging
	PAGING

	Notify
	NOTIFY

	PWS Restart Indication
	PWS RESTART INDICATION

	PWS Failure Indication
	PWS FAILURE INDICATION

	gNB-DU Status Indication
	GNB-DU STATUS INDICATION

	RRC Delivery Report
	RRC DELIVERY REPORT

	Network Access Rate Reduction
	NETWORK ACCESS RATE REDUCTION

	RACH optimization indication
	RACH OPTIMIZATION INDICATION


-------------------------------------------------Next change------------------------------------------------------------

8.3.4
UE Context Modification (gNB-CU initiated)
8.3.4.1
General
The purpose of the UE Context Modification procedure is to modify the established UE Context, e.g., establishing, modifying and releasing radio resources. This procedure is also used to command the gNB-DU to stop data transmission for the UE for mobility (see TS 38.401 [4]). The procedure uses UE-associated signalling.

8.3.4.2
Successful Operation
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Figure 8.3.4.2-1: UE Context Modification procedure. Successful operation

The UE CONTEXT MODIFICATION REQUEST message is initiated by the gNB-CU.

If the UE RACH REPORT IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall replace any previously received value and takes it into RACH optimization as defined in TS.38.300[6].
-------------------------------------------------Next change------------------------------------------------------------

9.2.2.7
UE CONTEXT MODIFICATION REQUEST

This message is sent by the gNB-CU to provide UE Context information changes to the gNB-DU.
Direction: gNB-CU ( gNB-DU

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	SpCell ID
	O
	
	NR CGI

9.3.1.12
	Special Cell as defined in TS 38.321 [16]. For handover case, this IE is considered as target cell.
	YES
	ignore

	ServCellIndex
	O
	
	INTEGER (0..31, ...)
	
	YES
	reject

	SpCell UL Configured
	O
	
	Cell UL Configured

9.3.1.33
	
	YES
	ignore

	DRX Cycle 
	O
	
	DRX Cycle 

9.3.1.24
	
	YES
	ignore

	CU to DU RRC Information


	O


	
	9.3.1.25
	
	YES
	reject

	Transmission Action Indicator
	O
	
	9.3.1.11
	
	YES
	ignore

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the MeNB Resource Coordination Information IE as defined in subclause 9.2.116 of TS 36.423 [9] for EN-DC case or MR-DC Resource Coordination Information IE as defined in TS 38.423 [28] for NGEN-DC and NE-DC cases.
	YES
	ignore

	RRC Reconfiguration Complete Indicator
	O
	
	9.3.1.30
	
	YES
	ignore

	RRC-Container
	O
	
	9.3.1.6
	Includes the DL-DCCH-Message IE as defined in subclause 6.2 of TS 38.331 [8], encapsulated in a PDCP PDU.
	YES
	reject

	SCell To Be Setup List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Setup Item IEs
	
	1.. <maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NR CGI

9.3.1.12
	SCell Identifier in gNB
	-
	

	>>SCellIndex
	M
	
	INTEGER (1..31)
	
	-
	

	>>SCell UL Configured
	O
	
	Cell UL Configured

9.3.1.33
	
	-
	

	>>servingCellMO
	O
	
	INTEGER (1..64)
	
	YES
	ignore

	SCell To Be Removed List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Removed Item IEs
	
	1 .. <maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NR CGI

9.3.1.12
	SCell Identifier in gNB
	-
	

	SRB to Be Setup List
	
	0..1
	
	
	YES
	reject

	>SRB to Be Setup Item IEs
	
	1..<maxnoofSRBs>
	
	
	EACH
	reject

	>>SRB ID
	M
	
	9.3.1.7
	
	-
	

	>>Duplication Indication
	O
	
	ENUMERATED (true, ..., false)
	
	-
	

	DRB to Be Setup List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Setup Item IEs
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>CHOICE QoS Information
	M
	
	
	
	-
	

	>>>E-UTRAN QoS
	M
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>>>DRB Information
	
	1
	
	Shall be used for NG-RAN cases
	YES
	ignore

	>>>>DRB QoS
	M
	
	9.3.1.45
	
	-
	

	>>>>S-NSSAI
	M
	
	9.3.1.38
	
	-
	

	>>>>Notification Control
	O
	
	9.3.1.56
	
	-
	

	>>>>Flows Mapped to DRB Item
	
	1 .. <maxnoofQoSFlows>
	
	
	-
	

	>>>>>QoS Flow Identifier
	M
	
	9.3.1.63
	
	-
	

	>>>>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.45
	
	-
	

	>>>>>QoS Flow Mapping Indication
	O
	
	9.3.1.72
	
	YES
	ignore

	>>UL UP TNL Information to be setup List 
	
	1
	
	
	-
	

	>>>UL UP TNL Information to Be Setup Item IEs
	
	1 .. <maxnoofULUPTNLInformation>
	
	
	-
	

	>>>>UL UP TNL Information
	M
	
	UP Transport Layer Information

9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	

	>> RLC Mode
	M
	
	9.3.1.27
	
	-
	

	>>UL Configuration
	O
	
	UL Configuration 

9.3.1.31
	Information about UL usage in gNB-DU. 
	-
	

	>>Duplication Activation
	O
	
	9.3.1.36
	Information on the initial state of CA based UL PDCP duplication
	-
	

	>> DC Based Duplication Configured
	O
	
	ENUMERATED (true, ..., false)
	Indication on whether DC based PDCP duplication is configured or not. If included, it should be set to true.
	YES
	reject

	>>DC Based Duplication Activation
	O
	
	Duplication Activation

9.3.1.36
	Information on the initial state of  DC based UL PDCP duplication 
	YES
	reject

	>>DL PDCP SN length
	O
	
	ENUMERATED (12bits, 18bits, ...)
	
	YES
	ignore

	>>UL PDCP SN length
	O
	
	ENUMERATED (12bits, 18bits, ...)
	
	YES
	ignore

	DRB to Be Modified List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Modified Item IEs
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>CHOICE QoS Information
	O
	
	
	
	-
	

	>>>E-UTRAN QoS
	M
	
	9.3.1.19
	Used for EN-DC case to convey E-RAB Level QoS Parameters
	-
	

	>>>DRB Information
	
	1
	
	Used for NG-RAN cases
	YES
	ignore

	>>>>DRB QoS
	M
	
	9.3.1.45
	
	-
	

	>>>>S-NSSAI
	M
	
	9.3.1.38
	
	-
	

	>>>>Notification Control
	O
	
	9.3.1.56
	
	-
	

	>>>>Flows Mapped to DRB Item
	
	1 .. <maxnoofQoSFlows>
	
	
	-
	

	>>>>>QoS Flow Identifier
	M
	
	9.3.1.63
	
	-
	

	>>>>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.45
	
	-
	

	>>>>>QoS Flow Mapping Indication
	O
	
	9.3.1.72
	
	YES
	ignore

	>> UL UP TNL Information to be setup List 
	
	0..1
	
	
	-
	

	>>> UL UP TNL Information to Be Setup Item IEs
	
	1 .. <maxnoofULUPTNLInformation>
	
	
	-
	

	>>>>UL UP TNL Information
	M
	
	UP Transport Layer Information

9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	

	>>UL Configuration
	O
	
	UL Configuration 

9.3.1.31
	Information about UL usage in gNB-DU. 
	-
	

	>>DL PDCP SN length
	O
	
	ENUMERATED(12bits,18bits , ...)
	
	YES
	ignore

	>>UL PDCP SN length
	O
	
	ENUMERATED (12bits, 18bits, ...)
	
	YES
	ignore

	>>Bearer Type Change
	O
	
	ENUMERATED (true, …)
	
	YES
	ignore

	>> RLC Mode
	O
	
	9.3.1.27
	
	YES
	ignore

	>>Duplication Activation
	O
	
	9.3.1.36
	Information on the initial state of CA based UL PDCP duplication
	YES
	reject

	>> DC Based Duplication Configured
	O
	
	ENUMERATED (true, …, false)
	Indication on whether DC based PDCP duplication is configured or not.
	YES
	reject

	>>DC Based Duplication Activation
	O
	
	9.3.1.36
	Information on the initial state of  DC based UL PDCP duplication 
	YES
	reject

	SRB To Be Released List
	
	0..1
	
	
	YES
	reject

	>SRB To Be Released Item IEs
	
	1.. <maxnoofSRBs>
	
	
	EACH
	reject

	>>SRB ID
	M
	
	9.3.1.7
	
	
	

	DRB to Be Released List
	
	0..1
	
	
	YES
	reject

	>DRB to Be Released Item IEs
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	Inactivity Monitoring Request
	O
	
	ENUMERATED (true, ...)
	
	YES
	reject

	RAT-Frequency Priority Information
	O
	
	9.3.1.34
	
	YES
	reject

	DRX configuration indicator
	O
	
	ENUMERATED(release,...)
	
	YES
	ignore

	RLC Failure Indication
	O
	
	9.3.1.66
	
	YES
	ignore

	Uplink TxDirectCurrentList Information
	O
	
	9.3.1.67
	
	YES
	ignore

	GNB-DU Configuration Query
	O
	
	ENUMERATED (true, ...)
	Used to request the gNB-DU to provide its configuration.
	YES
	reject

	gNB-DU UE Aggregate Maximum Bit Rate Uplink
	O
	
	Bit Rate 9.3.1.22
	The gNB-DU UE Aggregate Maximum Bit Rate Uplink is to be enforced by the gNB-DU.
	YES
	ignore

	Execute Duplication
	O
	
	ENUMERATED (true, ...)
	This IE may be sent only if duplication has been configured for the UE.
	YES
	ignore

	RRC Delivery Status Request
	O
	
	ENUMERATED (true, …)
	Indicates whether RRC DELIVERY REPORT procedure is requested for the RRC message.
	YES
	ignore

	Resource Coordination Transfer Information
	O
	
	9.3.1.73
	
	YES
	ignore

	servingCellMO
	O
	
	INTEGER (1..64, ...)
	
	YES
	ignore

	Need for Gap
	O
	
	ENUMERATED (true, …)
	Indicate gap for SeNB configured measurement is requested.It only applied to NE DC scenario.
	Yes
	ignore

	Full Configuration
	O
	
	ENUMERATED (full, ...)
	
	YES
	reject

	Additional RRM Policy Index
	O
	
	9.3.1.90
	
	YES
	ignore

	Lower Layer Presence Status Change
	O
	
	9.3.1.94
	
	Yes
	ignore

	UE RACH Report
	O
	
	OCTET STRING
	RA-ReportList-r16 IE as defined in TS 38.331 [8].
	YES
	ignore


	Range bound
	Explanation

	maxnoofSCells
	Maximum no. of SCells allowed towards one UE, the maximum value is 32.

	maxnoofSRBs
	Maximum no. of SRB allowed towards one UE, the maximum value is 8. 

	maxnoofDRBs
	Maximum no. of DRB allowed towards one UE, the maximum value is 64. 

	maxnoofULUPTNLInformation
	Maximum no. of UL UP TNL Information allowed towards one DRB, the maximum value is 2.

	maxnoofQoSFlows
	Maximum no. of flows allowed to be mapped to one DRB, the maximum value is 64.


-------------------------------------------------Next change------------------------------------------------------------

8.X

RACH Optimization Indication

8.X.1

General
This procedure is initiated by the gNB-DU to send the UE RACH report tigger to gNB-CU.
The procedure uses non-UE-associated signalling.

8.X.2

Successful Operation
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Figure 8.X.2-1: RACH OPTIMIZATION INDICATION procedure.

The gNB-DU initiates the procedure by sending the RACH OPTIMIZATION INDICATION message to the gNB-CU.

8.X.3 
Abnormal Conditions

Not applicable.

-------------------------------------------------Next change------------------------------------------------------------


9.2.X

RACH Optimization messages

9.2.X.1
RACH Optimization Indication

This message is sent by the gNB-DU to indicate RACH Optimization support from gNB-CU.

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

	RO NR CGI List
	
	
	1
	List of cells need RA REPORT from UE
	YES
	reject

	>RO NR CGI Item
	O
	
	1 ..<maxCellingNBDU>
	
	EACH
	reject

	> >RO NR CGI
	M
	
	9.3.1.12
	
	
	


-------------------------------------------------End of change------------------------------------------------------------
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