[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK151][bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG5 Meeting # 98                                     R4-231366
Athens, Greece, 27th February – March 3rd, 2023
Source: 	Apple
Title: 	Views on beam correspondence testing in initial access
Agenda Item:	5.3.34.9
Document for:	Discussion
1. Introduction
Beam correspondence requirements are being extensively discussed in recent RAN4 meetings [ 2, 3] as part of the Rel18 FR2 RF Enhancements Work Item. A WF was agreed for BC in RRC_INACTIVE and initial access [1], where the following open issues and corresponding options were identified specific to testing.
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In this context an LS has been received from RAN4 [8] specific to the query of beam lock functions and their usage during initial access. This contribution will present our general views along with proposed LS response to RAN4 for the specific questions posed in the same.
2. Discussion
According to the current specification, beam correspondence requirement for a UE is fulfilled if the UE meets the minimum peak EIRP requirement and the spherical coverage requirement for the corresponding power class. All these requirement tests should be done at UE maximum output power. Currently the beam correspondence test is designed for connected state with a closed loop power control. The test results will be recorded after the UE reaches its maximum output power and the maximum output power should be maintained during the test. A new mechanism should be designed in initial access to achieve and maintain the maximum output power during test.
Our understanding is also that the beam correspondence test should be based on power related test. One possibility being discussed by RAN4 is that absolute power tolerance test can be considered for BC test development in initial access. In general, the following points are key aspects for the test feasibility and should be discussed further by RAN5:
· How to make sure the UE reach maximum output power
· How to maintain the maximum output power during the test
· Whether it is possible to lock the beam or allow beam change during the test.

Observation 1: The current focus in RAN4 is on beam correspondence test during initial access
How to achieve maximum output power
In the initial access, the UE measures the RSRP and estimates the PL based on the broadcasted DL RS power at first. Then the required power for PRACH transmission will be calculated based on the estimated PL and the target Rx power at gNB and compares with the Pcmax. Hence the PRACH power is determined by the following formula in 38.213. With this, we can set the UE to transmit at Pcmax for PRACH by well design the signalling parameters so that the min {} is always dominated by Pcmax,f,c.
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Observation 2: The maximum output power in initial access is possibly achievable for the first preamble by sufficiently setting/signaling the parameters in the PRACH power formula
How to maintain maximum output power
In the following measurement process, the UE maximum transmission power should be maintained until the test is done. As mentioned in [4], it can be maintained by holding RAR(msg2) and the target received power, preamble power step and number of preamble retransmissions.
Observation 3: the maximum output power can be maintained during the test by holing RAR through parameter setting on preamble power step and number of retransmissions.
How to fix the UE beam direction during the test
Another challenge is the beam change and stability issue. We think the performance verification for beam correspondence in initial access should be based on similar consideration on beam change as for RRC_CONNECTED. Currently, RAN5 only enabled beam lock function for RRC_CONNECTED state in 38.509. 
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Observation 4: Current UBF is specific to RRC_Connected Mode so a modification to UBF will be needed to handle initial access state.
Based on initial discussions, one aspect that needs to be factored is the difference in approach needed for SA versus NSA when it comes to defining such a beam lock test function in initial access state.
- For SA, the updated UBF function will operate during RRC_IDLE mode and must specifically help with beam lock once SSBs have been measured and best beam is identified)
- For NSA, the UBF test function can be send through E-UTRA bearer
Observation 5: When defining the beam lock test mode for initial access state SA and NSA would have to be handled separately. 
The below sequence shows an example of beam lock test function in initial access state which can be discussed further.
1>   Ensure UE is in 5G NR SA RRC_Connected 
1>   Activate 3GPP Test Mode
1>   gNodeB simulator transmits RRCRelease to move UE into RRC_IDLE state
1>   UE searches for best beam ID for acquisition (Note1: during the random access procedure - MSG 1)
1>   Upon receipt of MSG1 gNodeB simulator transmits ACTIVATE BEAMLOCK_IDLE [Note2: Reception of ACTIVATE BEAMLOCK_IDLE message by UE from gNodeB simulator]
1>   When UE receives ACTIVATE BEAMLOCK_IDLE message then the UE shall
           2> if the UE is operating in FR2 AND is in RRC_IDLE state:
  2> if UE Beamlock test Function = ‘mm’
    3>      Lock the UE antenna pattern with Tx only
  2>   else if UE Beamlock test Function = ‘nn’
3>      Lock the UE antenna pattern with Rx only 
2>           else if UE Beamlock test Function = ‘mn’
3>      Lock the UE antenna pattern with both TxRx 
           4> Transmit ACTIVATE BEAMLOCK_IDLE COMPLETE message [Note3: {if UE has completed all beam management procedures}]
        ELSE       4> Transmit ACTIVATE BEAMLOCK_IDLE REPEAT to restart process 
                  [Optional Step to handle failure to beamlock at MSG1 pendng RAN4 requirements finalization]
 If Steps through 4> are unsuccessful with no Complete message sent, gNodeB simulator will re-transmit     ACTIVATE BEAMLOCK_IDLE after Random Access Response (RAR) i.e. UE receives response to Random Access Preambles and attempts beamlock at MSG3
Proposal 1: RAN5 to respond to the LS from RAN4 using the text provided in the Appendix A.
3. Summary
This contribution presented our views on the factors to consider while responding to the LS from RAN4 [1]. The following observations are made and proposal is provided:
Observation 1: The current focus in RAN4 is to focus beam correspondence test in initial access
Observation 2: The maximum output power in initial access is possibly achievable for the first preamble by sufficiently setting/signalling the parameters in the PRACH power formula
Observation 3: the maximum output power can be maintained during the test by holing RAR through parameter setting on preamble power step and number of retransmissions.
Observation 4: Current UBF is specific to RRC_Connected Mode so a modification to UBF will be needed to handle initial access state.
Observation 5: When defining the beam lock test mode for initial access state SA and NSA would have to be handled separately. 
Proposal 1: RAN5 to respond to the LS from RAN4 using the text provided in the Appendix A.
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Appendix
Title:	Response LS on testability for beam correspondence in initial access
Response to:	R4-2220825
Release:	Release 18
Work Item:	NR_RF_FR2_req_Ph3-Core


Source:	RAN WG5
To:	RAN WG4
Cc:	N/A

Contact Person:	
Name:	Ashwin Mohan
E-mail Address:	ashwin_mohan@apple.com

Send any reply LS to:	3GPP Liaisons Coordinator, 3GPPLiaison@etsi.org

Attachments:	


1. Overall Description:
RAN5 thanks RAN4 for providing background on the ongoing efforts in RAN4 towards Release 18 beam correspondence requirement and the implications on testability aspects in initial access. Please find below responses to the questions raised by the RAN4 LS. 
Question 1:  whether it is necessary to introduce the UBF function in initial access for simplification of the test (note that the beam used in initial access may be different from the beam in connected mode)?
Response: Yes, it is necessary to introduce a new UBF-like test function in initial access if the objective of the test is to lock the beam during initial access. The current UBF applies only in RRC Connected Mode. The implementation has to be discussed separately for Standalone (SA) and Non-Standalone (NSA)
Question 2: RAN4 would also like to invite RAN5 to check if there is any other solution on testing the EIRP in initial access. e.g., for testing EIRP of Msg1. 
Response: There are currently no RF requirements in RAN5 that require testing of EIRP in initial access therefore this scope has not been discussed for conformance testing. New test procedure would have to be introduced to establish and maintain maximum power/peak EIRP during initial access.
Question 3: RAN4 would also like to know how to ensure P-MPR is set to 0 during the test. 
Response: All the current RAN5 conformance tests in connected mode in TS 38.521-2 ensure P-MPR set to 0 by sending TPC up commands until the UE is transmitting at Pumax. In the absence of power control in the initial access state, there are few options that can be discussed further, with additional options not precluded:
Option 1`: Configure the signaling parameters I the PRACH power equation so that the UE transmits at Pcmax for PRACH
Option 2: …


2. Actions:
To RAN4 group.
ACTION: 	RAN5 respectfully requests RAN4 group to consider the feedback provided to the questions raised by RAN4

3. Date of Next TSG-RAN WG5 Meetings:
TSG-RAN5 Meeting#99	 22nd May – 26th May 2023		   Korea
TSG-RAN5 Meeting#100	 21st August – 25th August 2023    EU
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3.1 Sub-topic 3-1 Feasibility to achieve maximum output power

Issue 3-1-1: BC can be verified with well-defined parameters already available from legacy releases.

e WF
o Option 1: Feasible by holding RAR.
o Option 2: Feasible already from the first preamble.
o Option 3: The detail of how to enable the UE to transmit at max. output power is left to RANS.

Issue 3-1-2: whether new test functionality is needed?

e WF
o Option 1: Introduce a beam lock function to RRC_INACTIVE and initial access.
= Option la: Ask RANS the feasibility of beam lock function
o Option 2: Introduced a new RA response timer.

o Option 3: If a beam lock function is not feasible, consider how to guarantee zero P-MPR during tests
for BC requirements for RRC_INACTIVE and initial access for Issue 3-1-2

o Option 4: No new test functionality is needed

3.2 Sub-topic 3-2 Test scenario

Issue 3-2: Test scenario

e WF
o Option 1: A new test scenario with short/long DRX to trigger SDT mode in RRC_INACTIVE is
introduced
o Option 2: A new test scenario with short/long DRX to trigger SDT mode in RRC_INACTIVE is not
introduced

3.3 Sub-topic 3-3 Polarization aspects

Issue 3-3: Polarization aspects

e WF
o Option 1: Testability limitation on polarization aspect shall be addressed
= Option la: EIRP compensation according to R4-2218559
= Option 1b: Separate communication and measurement antenna

o Option 2: No need or other solutions

3.4 Sub-topic 3-4 PRACH requirement verification

e WF
o FFS: further study the PRACH requirement related to beamlock in Rel-15
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5.4.2  Activate Beamlock procedure

54.21 Initiation

The SS requests the UE to activate beamlock by transmitting an ACTIVATE BEAMLOCK message.

54.2.2 Reception of ACTIVATE BEAMLOCK message by UE
When UE receives ACTIVATE BEAMLOCK message then the UE shall:

1> if the UE is operating in FR2 AND is in RRC_CONNECTED state:




