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Introduction
During the last RAN4 #95-e meeting the RRM core requirements were specified for 2-step RA type. The agreements from the last meeting are as follows [1]: 
	· Introduce applicability rule in TS 38.133 and TS 36.133 for existing RRM requirements for procedures of handover, RRC re-establishment, RRC connection with redirection and PSCell addition, which are applicable to both 2-step RACH and 4-step RACH.
· Whether performance test is needed in Rel-16 for existing RRM requirements for procedures of handover, RRC re-establishment, RRC connection with redirection and PSCell addition when it applies to 2-step RACH
· Leave it to performance part
· 2-step RACH RRM requirements are also specified for SUL.
· UE Transmit timing requirements are updated for 2-step RACH.



This paper introduces the discussion on the RRM tests for 2-step RA type. Among the discussed points, is the analysis of which tests are currently made for the 4-step RA type, and how to extend the tests in order to reflect the behaviour of 2-step RA type. 

[bookmark: _Ref31793955]RRM test cases impacted by RACH
[bookmark: _Hlk31794208][bookmark: _Hlk46919292]The existing RRM test cases for RACH procedure are defined as in Table 1.
[bookmark: _Ref47691799]Table 1 Existing random access test cases 
	Test case
	Clause

	EN-DC
	FR1 NR cells
	Contention based RA
	SSB based
	A.4.3.2.2.1

	
	
	Non-contention based RA
	SSB based
	A.4.3.2.2.2, Test 1

	
	
	
	CSI-RS based
	A.4.3.2.2.2, Test 2

	
	FR2 NR cells
	Contention based RA
	SSB based
	A.5.3.2.2.1

	
	
	Non-contention based RA
	SSB based
	A.5.3.2.2.2, Test 1

	
	
	
	CSI-RS based
	A.5.3.2.2.2, Test 2

	NR SA
	FR1 NR cells
	Contention based RA
	SSB based
	A.6.3.2.2.1

	
	
	Non-contention based RA
	SSB based
	A.6.3.2.2.2, Test 1

	
	
	
	CSI-RS based
	A.6.3.2.2.2, Test 2

	
	FR2 NR cells
	Contention based RA
	SSB based
	A.7.3.2.2.1

	
	
	Non-contention based RA
	SSB based
	A.7.3.2.2.2, Test 1

	
	
	
	CSI-RS based
	A.7.3.2.2.2, Test 2



From the existing 4-step RA type tests, it is possible to determine that tests for the same scenarios as for 4-step RA type are needed for the 2-step RA type.
[bookmark: _Ref45617538][bookmark: _Toc47706982]Existing RRM tests for 4-step RA type are defined in FR1 for PSCell in EN-DC, in FR2 for PSCell/SCell in EN-DC, and in FR1 and FR2 for NR standalone.
[bookmark: _Ref45617556][bookmark: _Toc47706983]RAN4 to define RRM tests for 2-step RA type in FR1 and FR2, and for EN-DC and NR standalone. 
From the existing RACH RRM test clauses, the general structure of existing CBRA test clauses is in Table 2. 
[bookmark: _Ref47692666]Table 2 General clause structure for existing contention based random access test clauses
	Clause
	Title

	A.x.3.2.2.1.1
	Test Purpose and Environment

	A.x.3.2.2.1.2
	Test Requirements

	A.x.3.2.2.1.2.1
	Random Access Preamble Transmission

	A.x.3.2.2.1.2.2
	Random Access Response Reception

	A.x.3.2.2.1.2.3
	No Random Access Response Reception

	A.x.3.2.2.1.2.4
	Receiving an UL grant for msg3 retransmission

	A.x.3.2.2.1.2.5
	Reception of an Incorrect Message over Temporary C-RNTI

	A.x.3.2.2.1.2.6
	Reception of a Correct Message over Temporary C-RNTI

	A.x.3.2.2.1.2.7
	Contention Resolution Timer expiry



From the structure, the existing subclauses are written matching the different steps of the 4-step RA procedure. When comparing to the 2-step RA type to the 4-step RA type a major difference is on is how the msgA transmission and msgB reception as opposed to the PRACH transmission and RAR reception. 
[bookmark: _Ref45617669][bookmark: _Toc47706984]The CBRA tests for 4-step RA type follow a structure that tests for PRACH transmission and RAR reception which differs from the 2-step RA type. 
[bookmark: _Ref45617684][bookmark: _Toc47706985]RAN4 to specify RRM test cases for the MsgA transmission and MsgB containing successRAR and fallbackRAR 2-step RA type. 

[bookmark: _Hlk45279969]For the Non-contention based Random Access the general structure of the existing tests is in Table 3. 
[bookmark: _Ref47694220]Table 3 General clause structure for existing non-contention based random access test clauses
	Clause
	Title

	A.x.3.2.2.2.1
	Test Purpose and Environment

	A.x.3.2.2.2.2
	Test Requirements

	A.x.3.2.2.2.2.1
	SSB-based Random Access Preamble Transmission

	A.x.3.2.2.2.2.2
	CSI-RS-based Random Access Preamble Transmission

	A.x.3.2.2.2.2.3
	Random Access Response Reception

	A.x.3.2.2.2.2.4
	No Random Access Response Reception



Here some of the observations made for the contention based also apply. Additionally, the current 2-step RA type requirements in 38.133 do not include CSI-RS requirements. 
[bookmark: _Toc47706986]CSI-RS-based RACH is specified in existing 4-step RA type RRM tests, however current RRM requirements for 2-step RA type in clause 6.2.2.3.2 do not include CSI-RS.
[bookmark: _Toc47706987]The existing RRM test clauses in 38.133 matches the signalling flow of the 4-step RA type and reusing current structure for 2-step RA would result in unclear requirements. 
[bookmark: _Toc47706988]Define contention-based and contention free 2-step RA type tests with the clause structure presented in Table 4.
[bookmark: _Ref47694402]Table 4 Proposed clause structure for 2-step RA type test clauses
	Clause
	Title

	A.x.3.2.2.y.1
	Test Purpose and Environment

	A.x.3.2.2.y.2
	Test Requirements

	A.x.3.2.2.y.2.1
	MsgA Transmission

	A.x.3.2.2.y.2.2
	MsgB Reception

	A.x.3.2.2.y.2.3
	No msgB Reception



One additional issue is raised when considering the tests for the different types of response on MsgB. If both successRAR and fallbackRAR are considered on all the test scenarios, there would be needed 2 test cases for each test scenario. In order to simplify the test cases, it is possible to test the UE behaviour after a fallbackRAR message on half of the test scenarios, and after a successRAR on the other half. Considering the distribution of the fallbackRAR and successRAR and the proposals above, we propose the test cases of Table 5. 
[bookmark: _Toc47706989]RAN4 to distribute the tests of fallbackRAR on half of the test scenarios, and successRAR on the other half. 
[bookmark: _Toc47706990]RAN4 to consider the test cases presented in Table 5. 
[bookmark: _Ref47697593]Table 5 Proposed 2-step RA type test cases 
	Test case
	Clause
	Responsible company

	EN-DC
	FR1 NR cells
	Contention based RA
	MsgB with fallbackRAR
	A.4.3.2.2.3
	

	
	
	Non-contention based RA
	MsgB with successRAR
	A.4.3.2.2.4
	

	
	FR2 NR cells
	Contention based RA
	MsgB with successRAR
	A.5.3.2.2.3
	

	
	
	Non-contention based RA
	MsgB with fallbackRAR
	A.5.3.2.2.4
	

	
NR SA
	FR1 NR cells
	Contention based RA
	MsgB with successRAR
	A.6.3.2.2.3
	Nokia

	
	
	Non-contention based RA
	MsgB with fallbackRAR
	A.6.3.2.2.4
	

	
	FR2 NR cells
	Contention based RA
	MsgB with fallbackRAR
	A.7.3.2.2.3
	Nokia

	
	
	Non-contention based RA
	MsgB with successRAR
	A.7.3.2.2.4
	




The existing PRACH configurations for 4-step RA type are defined in clauses A.3.8.2 and A.3.8.3 for FR1 and FR2 respectively. Both FR1 and FR2 have 4 configurations for CFRA and CBRA, and for SSB-based and CSI-RS based random access. 
[bookmark: _Toc47706991]The existing 4-step RA type test configurations include FR1 and FR2 scenarios for CBRA and CFRA, as well as SSB-based and CSI-RS based random access. 
[bookmark: _Toc47706992]Define 2 new 2-step RA type specific configurations for FR1 and FR2, CBRA and CFRA and SSB-based random access in clause A.3.8 as described in Table 6. 
[bookmark: _Ref45615570]Table 6 Description of the proposed configuration clauses including 2-step RA type
	Configuration Clause 
	Description

	A.3.8.2.1 FR1 PRACH configuration 1
	SSB-based contention based 4-step RA type in FR1.


	A.3.8.2.2 FR1 PRACH configuration 2
	SSB based non-contention based 4-step RA type in FR1.


	A.3.8.2.3 FR1 PRACH configuration 3
	CSI-RS based non-contention based 4-step RA type in FR1.


	A.3.8.2.4 FR1 PRACH configuration 4 
	CSI-RS based non-contention based 4-step RA type in FR1 to convey BFR.


	[bookmark: _Hlk46919364]A.3.8.2.5 FR1 PRACH configuration 5 
	SSB-based contention based 2-step RA type in FR1


	A.3.8.2.6 FR1 PRACH configuration 6 
	SSB based non-contention based 2-step RA type in FR1


	A.3.8.3.1 FR2 PRACH configuration 1
	SSB-based contention based 4-step RA type in FR2.


	A.3.8.3.2 FR2 PRACH configuration 2
	SSB based non-contention based 4-step RA type in FR2.


	A.3.8.3.3 FR2 PRACH configuration 3
	CSI-RS based non-contention based 4-step RA type in FR2.


	A.3.8.3.4 FR2 PRACH configuration 4
	CSI-RS based non-contention based 4-step RA type in FR2 to convey BFR.


	A.3.8.3.5 FR2 PRACH configuration 5
	SSB-based contention based 2-step RA type in FR2.


	A.3.8.3.6 FR2 PRACH configuration 6
	SSB-based non-contention based 2-step RA type in FR2.




A Draft CR as also submitted containing baseline implementation of the proposals above for the FR1 Configuration 5, and Contention-based NR standalone case in FR1 in [3]. 
[bookmark: _Toc47706993]RAN4 to consider the Draft CR containing FR1 Configuration 5, and Contention-based NR standalone case in FR1 in [3] as baseline for discussion. 

Performance for procedures other than Random Access
In RAN4 #95e it was agreed to extend timing requirements of other procedures than Random access to 2-step RA type. The changes in 38.133 included the addition of clause 3.6.7 with applicability rules indicating that timing requirements of RRM procedures are not changed with 2-step RA type. Additionally, the clause 7.1.2 extends the timing requirements from first PUCCH, PUSCH, SRS and PRACH to msgA transmissions. 
An example for Handover is shown below, where the handover delay is measured starting at the time T3, which starts after the occurrence of the radio link failure, handover delay measurement ends when PRACH is transmitted in Cell 2. 
	[bookmark: _Toc383691088]A.6.3.1.1.3 Test Requirements
The UE shall start to transmit the PRACH to Cell 2 less than 220 ms from the beginning of time period T3.
The rate of correct handovers observed during repeated tests shall be at least 90%.
NOTE:	The handover delay can be expressed as: RRC procedure delay + Tinterrupt, where:
RRC procedure delay = 10 ms and is specified in clause 12 in TS 38.331 [2].
Tinterrupt = 210 ms in the test. Tinterrupt is defined in clause 6.1.1.2.2.
This gives a total of 220 ms.



Another example for RRC Connection Release with Redirection is shown below, where the redirection delay ends when the UE transmit the PRACH to Cell 2. 
	A.6.3.2.3.1.3	Test Requirements
The UE shall start to transmit the PRACH to Cell 2 less than 2240 ms from the beginning of time period T2.
The rate of correct RRC connection release redirection to NR observed during repeated tests shall be at least 90%.
NOTE:	The redirection delay can be expressed as:
	Tconnection_release_redirect_NR = TRRC_procedure_delay + Tidentify-NR + TSI-NR + TRACH,
where:
TRRC_procedure_delay = 110 ms and is specified in clause 12 in TS 38.331 [2].
Tidentify-NR = 680 ms in the test.
TSI-NR = 1280 ms, it is the time required for receiving all the relevant system information as defined in TS 38.331 for the target NR cell.
TRACH = 170 ms in the test.
This gives a total of 2240 ms. 




	A.7.5.7.1.2	Test Requirements
The UE shall transmit the PRACH preamble to PSCell at latest [112] ms into T3.




[bookmark: _Toc47706994]Current RRM tests of RRM procedures other RACH are generic enough to cover both 2-step and 4-step RA types. Since they rely on the timing of the first PRACH transmission, they will not be affected when applying the 2-step RA type. 
[bookmark: _Toc47706995]No further 2-step RA type-specific RRM tests are specified for Handover, RRC re-establishment, RRC connection with redirection and PSCell addition. 

Conclusion
In this discussion paper the RRM tests for 2-step RA type are discussed. When considering the new behaviour of 2-step RA type, it is concluded that it is necessary to specify new RRM tests as part of the TS 38.133 [2]. From the discussion the following observations and proposals are derived: 
Observation 1: Existing RRM tests for 4-step RA type are defined in FR1 for PSCell in EN-DC, in FR2 for PSCell/SCell in EN-DC, and in FR1 and FR2 for NR standalone.
Proposal 1: RAN4 to define RRM tests for 2-step RA type in FR1 and FR2, and for EN-DC and NR standalone.
Observation 2: The CBRA tests for 4-step RA type follow a structure that tests for PRACH transmission and RAR reception which differs from the 2-step RA type.
Proposal 2: RAN4 to specify RRM test cases for the MsgA transmission and MsgB containing successRAR and fallbackRAR 2-step RA type.
Observation 3: CSI-RS-based RACH is specified in existing 4-step RA type RRM tests, however current RRM requirements for 2-step RA type in clause 6.2.2.3.2 do not include CSI-RS.
Observation 4: The existing RRM test clauses in 38.133 matches the signalling flow of the 4-step RA type and reusing current structure for 2-step RA would result in unclear requirements.
Proposal 3: Define contention-based and contention free 2-step RA type tests with the clause structure presented in Table 4.
Proposal 4: RAN4 to distribute the tests of fallbackRAR on half of the test scenarios, and successRAR on the other half.
Proposal 5: RAN4 to consider the test cases presented in Table 5.
Observation 5: The existing 4-step RA type test configurations include FR1 and FR2 scenarios for CBRA and CFRA, as well as SSB-based and CSI-RS based random access.
Proposal 6: Define 2 new 2-step RA type specific configurations for FR1 and FR2, CBRA and CFRA and SSB-based random access in clause A.3.8 as described in Table 6.
Proposal 7: RAN4 to consider the Draft CR containing FR1 Configuration 5, and Contention-based NR standalone case in FR1 in [3] as baseline for discussion.
Observation 6: Current RRM tests of RRM procedures other RACH are generic enough to cover both 2-step and 4-step RA types. Since they rely on the timing of the first PRACH transmission, they will not be affected when applying the 2-step RA type.
Proposal 8: No further 2-step RA type-specific RRM tests are specified for Handover, RRC re-establishment, RRC connection with redirection and PSCell addition.
[bookmark: _GoBack]
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