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1.	Background
RAN4 introduced FR2 beam correspondence requirement for initial access in Rel-18. The requirement consists of EIRP spherical coverage requirement for PRACH in initial access. Considering the differences in UE behaviour between RRC_IDLE mode and RRC_CONNECTED mode, following working assumptions are made by RAN4 when deciding the minimum requirement [1].
· RAN4 has agreed to inform RAN5 to develop the beamlock function in initial access.
· UE locks the beam direction after requested by test equipment
· UE is kept in RRC_IDLE state to ensure at least 1ms EIRP measurement period for PRACH.
· Enable multiple PRACH transmissions in testing mode, including holding RAR.
· UE transmits with the optimal Tx beam that is autonomously selected by UE.
· UE achieves Pcmax before PRACH EIRP measurement.
· UE transmits PRACH with gap <=20ms.
· To accelerate the testing, it’s recommended to use the longest applicable PRACH preamble format and minimum gap between PRACH transmission.
In RAN5#102 meeting, Keysight [2] and Apple [3] brought contributions on this topic, and following issues are for RAN5 further study:
Proposal 2: Chipset vendors to confirm that UE pre-configuration with required test functions is feasible, i.e. not lost after releasing the RRC connection in the preamble of the test and with impact in the following RACH procedure. 
Proposal 3: Restrict the scope of test functions required for beam correspondence during initial access to only beam lock as far as alternative options to set the UE to transmit to Pcmax are demonstrated feasible.
Proposal 4: Gather the following feedback from chipset vendors regarding beam correspondence during initial access test procedure:
-	The need to wait time (BEAM_SELECT_WAIT_TIME_IA) to allow the UE to select the appropriate beam in each grid position.
-	In case BEAM_SELECT_WAIT_TIME_IA is needed, the maximum value BEAM_SELECT_WAIT_TIME_IA might have.


Proposal 1: Further discuss the following aspects
· Time synchronization aspects between UE and TE
· Additional details to be finalized to ensure PRACH measurements are completed before PreambleTransMax counter reaches the limit.

This document provides our initial view on the RAN4 LS and above RAN5 issues.

2	Discussion
2.1	Core requirement
RAN4 specified the beam correspondence requirement in initial access and in RRC_INACTIVE for PC1, PC2, PC3 and PC5. We take PC3 as an example to show how the requirements are specified.
As per TS 38.101-2 clause 6.6.4.1, the beam correspondence requirement in initial access and in RRC_INACTIVE consists UE EIRP spherical coverage requirement and without uplink beam sweeping.
The beam correspondence requirement for power class 3 UEs in initial access and in RRC_INACTIVE consists of UE spherical coverage only:
-	UE shall meet the spherical coverage requirement for initial access and RRC_INACTIVE according to Table 6.2.1.3-3, with its autonomously chosen UL beams and without uplink beam sweeping, using the side conditions for initial access and in RRC_INACTIVE as defined in Clause 6.6.4.3.4.


The minimum requirement of EIRP spherical coverage for PRACH in initial access is specified as 2dB lower than existing requirement for RRC_CONNECTED mode. 
Table 6.2.1.3-3: UE spherical coverage for power class 3
Operating band
Min EIRP at 50 %-tile CDF (dBm)
n257
11.5
n258
11.5
n259
5.8
n260
8
n261
11.5
n262
2.9
n263
2.3
NOTE 1:	Minimum EIRP at 50 %-tile CDF is defined as the lower limit without tolerance in RRC_CONNECTED.
NOTE 2:	Void
NOTE 3:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.
NOTE 4:	Minimum EIRP at 50%-tile CDF is defined as the lower limit minus 2 dB in initial access and RRC_INACTIVE



The side condition of beam correspondence consists only SSB with the same power level as Rel-15 requirement.
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The beam correspondence requirements for beam correspondence in initial access and RRC_INACTIVE are only applied under side conditions in Clause 6.6.4.3.2.


Although the requirements apply to both initial access and RRC_INACTIVE, the test needs to be executed only in initial access according to applicability statement in clause 6.6.4.4. 
For the beam correspondence requirement for power class 3 UEs in initial access and in RRC_INACTIVE, the following applicability rules apply:
-	If a UE meets beam correspondence requirements in initial access, it is considered to have met the beam correspondence requirements in RRC_INACTIVE.


2.2	Beam lock function for RRC_IDLE mode
The necessity of beam lock function in RRC_IDLE mode was discussed in RAN4 due to following potential testability issues.
Polarization.
This is an issue already identified by RAN5 in RRC_CONNECTED mode. In some cases, TE could transmit/receive with only one polarization at a time. When the DL link is on polarization θ, the UE UL power on polarization ϕ couldn’t be measured. In addition, when the polarization of TE antenna switches, UE’s beam orientation might be impacted which leads to unstable power measurement. This issue is addressed by the beam lock function in RRC_CONNECTED mode, and similar method could be considered in RRC_IDLE mode.
Sub-optimal beam
The UE selects Tx beam for PRACH transmission based on measurement on SSBs, while RAN1 or RAN4 doesn’t specify the detailed beam selection process. The only restriction is when the DL RSRP of any SSB is higher than RRC configured rsrp-ThresholdSSB, UE could transmit preamble on the PRACH resource corresponds to this SSB. In the test chamber condition, it’s possible that the DL RSRP measured from UE’s multiple Rx beams are higher than the configured threshold, and UE could arbitrarily select a Tx beam corresponding to any of the Rx beams. If a sub-optimal beam is selected, the UE might fail the spherical coverage test unexpectedly.
Beam adjustment
[bookmark: _Hlk166104441]The measurement period of PRACH spherical requirement is specified as accumulative 1ms, which means the measurement needs to be done across multiple PRACH preambles. It was assumed by RAN4 that TE will hold the RAR transmission, so that UE will consider the PRACH process as failed and retransmit the preamble. However, if UE detects the PRACH process failure for too many times, it might consider current beam is not towards the optimal direction, therefore change the beam direction in the subsequent preamble transmissions. If TE performs UL power measurement on an improper preamble transmission, the UE might fail the spherical coverage test unexpectedly.
Observation 1: A beam lock function in RRC_IDLE is needed to address above testability issues.
The beam lock function needs to take effect in RRC_IDLE mode, but TE is unable to activate the beam lock function by RRC message since RRC connection is not set up yet. This is also mentioned by Apple [3] that TE and UE needs to be time aligned before the beam lock activation command and acknowledgement. Keysight [2] raised the point that UE needs to handle some pre-configuration of beam lock or power setting while not losing the impact after releasing the RRC connection. We agree with the observations from Apple and Keysight, and after digging into the existing test functions, we found there are some examples to follow. In TS 36.509, the test loop mode C could remain active when RRC connection is released. This approach could be leveraged for the required new beam lock function in RRC_IDLE mode.
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When the RRC connection is released in E-UTRA mode then the UE shall:
1>	if UE test loop mode C is active:
2>	keep UE test loop mode C active.

Proposal 1: For the beam lock function in IDLE mode, the activation and deactivation could be in RRC_CONNECTED mode. UE needs to memorize the beam lock activation status when it enters RRC_IDLE mode.
For existing Tx test in RRC_CONNECTED mode, UE is given 3 seconds to do the beam refinement, then the beam is locked immediately when UE receives beam lock command. For R18 spherical testing in RRC_IDLE mode, the beam refinement time is also required. The beam refinement for PRACH transmission needs to happen after beam lock command and RRC release, and before the PRACH transmission.
Proposal 2: Beam refinement time is needed between the time point UE enters RRC_IDLE mode and UE transmits PRACH preambles.
According to the testability issues of sub-optimal beam and beam switching mentioned above, UE might start preamble transmission with a sub-optimal Tx beam and switch to a better one later, or vice versa. It’s difficult for TE to decide which preamble transmitted by the UE is proper for the power measurement. To acquire a reliable test result, some candidate methods could be considered for the test. 
Option 1: Record all the power measurement samples and take the maximum ones for test verdict.
Option 2: Request UE to only transmit with the optimal Tx beam autonomously decided by the UE based on SSB measurement.
The comparison between Option 1 and 2 are shown in below table. From our point of view the Option 2 could meet the intention of beam correspondence testing better therefore is preferred.
	
	Pros
	Cons

	Option 1
	No specification impact on UE’s PRACH process
	UE without beam correspondence capability could pass the test by simply sweeping Tx beams.

	Option 2
	The UE’s real ability of beam correspondence could be checked since the optimal Tx beam is autonomously decided by the UE.
	UE needs to hold the preamble transmission until the optimal Tx beam is decided. This has impact on UE’s PRACH process.



Proposal 3: Request UE to only transmit with the optimal Tx beam during conformance testing of spherical coverage in initial access, i.e. when beam lock function is activated.
Based on above proposals 1~3, a process of beam lock function in initial access is visualized in below figure for better understanding. The flow chart at left side is existing beam lock function in RRC_CONNECTED mode and the flow chart at right side is newly proposed beam lock function in RRC_IDLE mode.
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Figure 1 Flow chart for Beam lock function in RRC_IDLE
2.3	Power control
Similar as MOP test cases in RRC_CONNECTED state, the spherical coverage in initial access is also required to be tested with UE’s maximum output power. For test cases in RRC_CONNECTED, the close loop power control scheme was used to force UE transmitting at Pcmax, while the scheme is not feasible for initial access.
Some potential methods were discussed in RAN4 such as open loop power control, power ramping etc. With open loop power control, the UE decides Tx power based on PL estimation from SSB. The absolute power tolerance will apply if the transmission gap is >20ms. Since the SSB periodicity for initial access is 20ms, it’s difficult to always ensure a transmission gap <=20ms.
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With power ramping the UE is capable to achieve the maximum output power in the end, but it’s difficult for the TE to know the exact time that the power has already ramped to the Pcmax. 
In Keysight’s document [2] a potential solution of extending the beam lock function to also force UE to transmit at the Pcmax level. We think this is a convenient solution from both power accuracy and time saving point of view.
Proposal 4: Extending the beam lock function to force UE to transmit at the Pcmax level.
If proposal 4 could be implemented, the RAN4 working assumption of transmitting PRACH with gap <=20ms seems not necessary.
Proposal 5: The RAN4 working assumption of transmitting PRACH with gap <=20ms could be deprioritized.
2.4	Summary of working assumption from RAN4
Base on the analysis above, we provide the view on the working assumptions from RAN4 as below.
	RAN4 working assumption
	Feasiblility
	RAN5 actions

	RAN4 has agreed to inform RAN5 to develop the beamlock function in initial access.
UE locks the beam direction after requested by test equipment
	Feasible
	Introducing beam lock function in IDLE mode

	UE is kept in RRC_IDLE state to ensure at least 1ms EIRP measurement period for PRACH.
Enable multiple PRACH transmissions in testing mode, including holding RAR.

	Feasible
	TE holds RAR transmission in the test procedure.

	UE transmits with the optimal Tx beam that is autonomously selected by UE.
	[Feasible]
	Request UE to only transmit with the optimal Tx beam when beam lock function is activated.

	UE achieves Pcmax before PRACH EIRP measurement.
	[Feasible]
	Request UE to transmit with Pcmax when beam lock function is activated.

	UE transmits PRACH with gap <=20ms.
	FFS
	Deprioritize this item if UE is configured to transmit at Pcmax

	To accelerate the testing, it’s recommended to use the longest applicable PRACH preamble format and minimum gap between PRACH transmission.
	Feasible
	Take this into account when doing test point analysis.



Observation 2: Almost all the working assumptions in RAN4 LS are feasible from RAN5 point of view.

3.	Conclusion

Observation 1: A beam lock function in RRC_IDLE is needed to address above testability issues.
Proposal 1: For the beam lock function in IDLE mode, the activation and deactivation could be in RRC_CONNECTED mode. UE needs to memorize the beam lock activation status when it enters RRC_IDLE mode.
Proposal 2: Beam refinement time is needed between the time point UE enters RRC_IDLE mode and UE transmits PRACH preambles.
Proposal 3: Request UE to only transmit with the optimal Tx beam during conformance testing of spherical coverage in initial access, i.e. when beam lock function is activated.
Proposal 4: Extending the beam lock function to force UE to transmit at the Pcmax level.
Observation 2: Almost all the working assumptions in RAN4 LS are feasible from RAN5 point of view.
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Table 6.3.4.2-1: Absolute power tolerance
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