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Introduction
RAN5#98 received the LS R5-230023 from RAN4 on the testability for beam correspondence in initial access. This documents provides some initial thoughts on this topic.
Overall description
Currently RAN4 is discussing beam correspondence requirement and the implications on testability aspects in initial access. It is found that UE beam lock function (UBF) is not available in initial access. Without UBF, it’s unclear how to measure the PRACH transmit power from both polarizations. 
RAN4 would like to invite RAN5 to check the testability aspects for beam correspondence in initial access. e.g.  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). If necessary but not feasible, 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. 
RAN4 would also like to know how to ensure P-MPR is set to 0 during the test. 
Actions
To RAN2:
ACTION: 	RAN4 respectfully requests RAN5 feedback on the above question raised by RAN4.


Discussion
Background of RAN4 discussion
One of the objectives of the RAN4 leading WI NR_FR2_Fenh is to specify the beam correspondence requirements during RRC_IDLE mode and RRC_INACTIVE mode with SDT configured.
In RRC_IDLE mode, UE detects the SSB sent by network and decides the best Tx beam autonomously to transmit PRACH preamble. In RRC_INACTIVE mode, UE detects the SSB sent by network and decides the best Tx beam autonomously to transmit PRACH preamble for RA-SDT or transmit PUSCH for CG-SDT. At the moment the BC requirement in RRC_IDLE mode is prioritized.
In RRC_IDLE mode, the BC requirement could only be specified based on PRACH transmission. The BC requirement in Rel-15 and Rel-16 is the combination of beam peak EIRP, EIRP spherical coverage and BC tolerance. For IDLE mode, it’s already agreed that spherical coverage of PRACH will be specified. It’s still under discussion whether beam peak EIRP and BC tolerance for PRACH need to be specified.
During RAN4 discussion, some testability issues are identified, and the RAN5 test mode and beam lock function is considered as one potential solution.
Polarization issue
The polarization issue exists when the test equipment could only transmit/receive with single polarization at a time. When the TE switches the antenna polarization, the UE’s corresponding receive/transmit beam might alter as well, which will lead to unstable power measurement. In RRC_CONNECTED mode, this was solved by introducing beam lock function for UE’s test mode in RAN5. However, for idle mode the beam lock function is never specified.
Observation 1: Beam lock function is needed to solve the polarization issue.
Unstable Beam
According to the PRACH procedure specified in RAN1 and RAN2, the UE will measure the SS-RSRP of SSBs, and select an SSB with SS-RSRP above rsrp-ThresholdSSB. The PRACH preamble associated with selected SSB will be transmitted. The Tx beam used by UE is not restricted by the specification.
If the random access procedure is not completed, e.g. RAR is not received, UE could a) retransmit preamble associated with the same SSB through the same Tx beam, with transmit power ramping; b) retransmit preamble associated with the same SSB through a different Tx beam, with transmit power unchanged; c) retransmit preamble associated with a different SSB, with transmit power unchanged.
From the PRACH procedure we could tell:
1) It’s not ensured that UE transmits PRACH with the best Tx beam.
2) It’s not ensured that UE always transmits PRACH with the same Tx beam
The unpredictable UE behaviour will cause unstable measurement of the PRACH transmit power. To solve this issue, some modification to the beam lock function specified by RAN5 could be an option.
Current beam lock function in RRC_CONNECTED mode is activated assuming the UE has finished the beam management procedure. Once beam lock activation command is sent to the UE, UE shall lock the Tx beam immediately. If similar approach applies to PRACH BC, it’s difficult to decide when to send the beam lock activation command to UE due to the reasons explained above.
The beam lock function could be further modified in following way. If beam lock activation command is sent to UE, UE is not expected to lock its Rx/Tx beam immediately. UE could take its time to do the beam management until the best Rx/Tx beam is identified, then starts to transmit the PRACH preamble. Once the PRACH transmission starts, the beam lock function takes effect, which means UE needs to lock its Tx beam for all the subsequent PRACH transmissions. With this modification, the measurement of PRACH transmit power could stably reflect UE’s best Tx performance based on its beam correspondence performance.
Observation 2: Rel-15 Beam lock function could be modified to enable beam lock during RRC_IDLE mode. In addition the procedure could be designed carefully to allow UE complete the beam management procedure before transmitting PRACH.
How to achieve maximum output power
In Rel-15 and Rel-16, the BC requirements are tested at Pcmax by controlling UE’s transmit power using the power control command. For PRACH transmission, the power control command is not available. The potential methods of enforcing UE to achieve its maximum output power were 1) open loop power control; 2) power ramping. With open loop power control, the absolute power tolerance needs to be take into consideration in the requirement definition which leads to a significant requirement relaxation. With power ramping, it’s difficult to tell when the UE has ramped to its maximum output power.
The beam lock function could be modified to also take care of the power aspect. If the beam lock function is activated, UE shall always transmit PRACH with PCMAX. The P-MPR is also set to 0dB.
Observation 3: Beam lock function could be used to require UE to transmit PRACH with PCMAX.
Another approach to be investigated is 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 4: 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 5: 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 6: Current UBF is specific to RRC_Connected Mode so a modification to UBF will be needed in the future to handle initial access state.
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.
Observation 7: The beam lock for intial access will need to be handled separately for SA and NSA.
- 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
Example of modified beam lock function
Based on above observations, the beam lock function could be modified in following way as an example.
1> UE is in RRC_CONNECTED mode, and test mode is activated.
1> If UE receives the Activate_Beamlock_IDLE command, UE should:
2> When UE enters RRC_IDLE state, UE needs to activate Beamlock state
2> UE decides the best Tx beam which generates the highest EIRP toward the direction of the incoming SS/PBCH block signal
2> UE doesn’t start transmitting PRACH preamble before UE decides the best Tx beam
2> When UE starts transmitting PRACH, the Tx beam should not be changed until the Beamlock state is deactivated
2> When UE starts transmitting, the transmit power should be set to Pcmax without considering the PRACHTargetPowerSetting
1> The Beamlock state is deactivated if,
2> UE enters RRC_CONNECTED mode, and Dectivate_Beamlock_IDLE command is received
Conclusion
In this contribution we discussed some possible extension of beam lock function to solve the identified test issues. Following proposals are for RAN4 consideration.
Observation 1: Beam lock function is needed to solve the polarization issue.
Observation 2: Rel-15 Beam lock function could be modified to enable beam lock during RRC_IDLE mode. In addition the procedure could be designed carefully to allow UE complete the beam management procedure before transmitting PRACH.
Observation 3: Beam lock function could be used to require UE to transmit PRACH with PCMAX.
Observation 4: 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
Observation 5: 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 6: Current UBF is specific to RRC_Connected Mode so a modification to UBF will be needed in the future to handle initial access state.
Observation 7: The beam lock for intial access will need to be handled separately for SA and NSA.
Proposal 1: It’s proposed RAN5 approves the draft LS in Annex of this document.
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1	Overall description
RAN5 would like to thank RAN4 for providing the background of beam correspondence discussion in initial access scenario and associated open test issues. RAN5 has not begun any work on Release 18 FR2 RF Further Enhancements, therefore the response from RAN5 is based on an initial assessment based on known behavior of existing Rel15/Rel-16/Rel-17 UE beamlock function in RRC_Connected mode. RAN5 will work on actual test procedures and definitions as required when the core requirements are defined and RAN5 Release 18 work commences in the future. 
With the above background, RAN5 can provide the following responses on the feasibility of introducing UBF function in initial access.
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)?
[bookmark: _GoBack]Response: Yes, it would be necessary to evaluate and introduce a new UBF-like test function in initial access or update the existing UBF function if the objective of the test is to lock the beam during initial access. The current UBF applies only in RRC Connected Mode. If the core requirements are specified for both Standalone (SA) and Non-Standalone (NSA), the implementation of test function has to be discussed separately.
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: It’s specified that P-MPR is 0dB in conformance testing in 6.2.4 of TS 38.101-2. There is no other specific action in RAN5 to ensure P-MPR is set to 0.
2	Actions
To RAN4:
ACTION: 	RAN5 respectfully requests RAN4 take above information into consideration.
3	Dates of next TSG-RAN WG5 meetings
TSG-RAN WG5 Meeting #99         22nd – 26th May 2023             Incheon, Korea     
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG-RAN WG5 Meeting #100        21st – 25th Aug 2023	            	      	EU
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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:




