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1.	Introduction
In RAN#95e meeting, the Rel-18 FR2 RF enhancement work item was approved in [1] and the objectives on beam correspondence are as following as indicated in the latest WID [2]:
Beam correspondence requirements for RRC_INACTIVE and initial access
· Specify UE beam correspondence requirements for initial access and RRC_INACTIVE state, for SSB-based beam correspondence without UL beam sweeping [RAN4 RF]
· For RRC_INACTIVE specify at least requirements for Random Access SDT and Configured Grant SDT
· Requirements for other transmission within RRC_INACTIVE state are not precluded.
· For initial access, specify requirements and verification of beam correspondence requirements based on msg1 spherical coverage (at least) 
· Study the potential impact on testability aspects (i.e., test time).


In this contribution we share our views on the new beam correspondence requirements and on the testability and test time impact as well.
2. 	Discussion
2.1	beam correspondence
In previous releases the beam correspondence requirements have been specified for connected state where the requirements mainly point to spherical coverage performance. Regarding beam correspondence requirements for initial access and RRC_INACTIVE state, spherical coverage is also a good metric to be made use of. In particular, the WID has already agreed to specify beam correspondence requirements for initial access based on msg1 spherical coverage.
Observation 1:	spherical coverage is the prime metric for beam correspondence
In order to enable spherical coverage for initial access and RRC_INACTIVE state, the uplink power configuration is an issue to overcome. Different from connected state where the always ‘up’ TPC command can be used, the uplink power in initial access and RRC_INACTIVE state depends on the DL RS, refer to the equations in clause 7 of TS38.213 [3]:
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The PRACH and PUSCH in initial access and RRC_INACTIVE state are both open loop power control. So the transmission power will be mainly determined by the targeted power and path loss estimation. Note that the antenna gain is also part of the path loss, it will lead to varying output power status at different directions in the 3D spherical coverage measurement which makes the measurement results do not aligned with antenna pattern. Moreover, the open loop power control mechanism will lead to unfair condition between good UE and bad UE, because the good UE will be set with lower transmission power due to smaller estimated path loss. In addition, the large uncertainty of open loop power control also makes unstable uplink power from time to time.
Observation 2:	open loop power control mechanism leads to varying uplink power configuration in spherical coverage measurement
To realize a meaningful spherical coverage measurement, a constant uplink power in conduction domain is needed. In connected mode, the constant uplink power in conduction domain is maintained with always ‘up’ TPC command. For the spherical coverage in initial access and RRC_INACTIVE state, a constant maximum output power condition is also necessary, otherwise the transmission power in conduction domain will vary from direction to direction and measurements of different devices are not comparable. So it is proposed to enable the maximum output power in the beam correspondence of initial access and RRC_INACTIVE.
 Proposal 1:	it is proposed to enable the maximum output power in the beam correspondence of initial access and RRC_INACTIVE.
It is a new issue how to achieve maximum output power in initial access and RRC_INACTIVE state where open loop power control mechanism makes TPC command not available. For each measurement grid point, it is needed to guarantee the UE is transmitting PRACH or PUSCH with maximum output power. 
Given that the uplink transmission power depends on DL RS, multiple times test with gradually decreasing signal level of DL RS may be one possible way to increase UE uplink power until maximum. However, lower power level of DL RS also impacts the UE measurement accuracy and hence deteriorates beam correspondence performance. Another way can be considered by making use of the power ramping rules. UE will increase its transmission power until a random access response (RAR) has been received. If network holds the RAR message, UE will increase its transmission power until maximum power is reached.
Besides above complicated methods, one simple way may also be considered by introducing a test mode. With a test mode, UE is forced to transmit with maximum output power under initial access and RRC_INACTIVE status for test purpose.
Proposal 2:	in order to achieve maximum output power in initial access and RRC_INACTIVE state, RAN4 to discuss and down-select among following options
· Option 1: multiple times test along with decreasing DL RS power level
· Option 2: hold RAR message to enable power ramp until maximum output power
· Option 3: adopt a test mode to force UE transmit with maximum output power
2.2	testability aspect
EIRP is the measurement metric for beam correspondence. In RRC_connected state, UE beam lock function (UBF) is adopted in EIRP measurement as indicated in both core specification TS38.101-2 and test specification TR 38.810. For each measurement grid point, totally four component EIRP will be measured:
· EIRP(PolLink=) = EIRP(PolMeas=PolLink=) + EIRP(PolMeas=PolLink=)   (UBF activated)
· EIRP(PolLink=) = EIRP(PolMeas=PolLink=) + EIRP(PolMeas=PolLink=)   (UBF activated)
· EIRP = maximum(EIRP(PolLink=), EIRP(PolLink=))
For many test systems the link antenna and measurement antenna actually are the same. Thanks to beam lock function, when measuring EIRP(PolLink=), the measurement antenna can switch to  polarization to measure the  component EIRP without beam changing.
But for beam correspondence in initial access and RRC_INACTIVE, the UE beam lock function is not available. In such case, there will be difficulty to measure the  component EIRP under  link polarization, and there will be difficulty to measure the  component EIRP under  link polarization, as highlighted above.
Observation 3:	it is difficult for many test systems to measure one of the component EIRP without beam lock when the component EIRP PolMeas is different from PolLink.
To address such limitation, a compensation value can be considered, i.e.
· EIRP = maximum(EIRP(PolMeas=PolLink=), EIRP(PolMeas=PolLink=)) + 
Proposal 3:	a compensation approach can be considered to address the testability limitation. RAN4 can further discuss how to determine the compensation value at each measurement grid point:
EIRP = maximum (EIRP(PolMeas=PolLink=), EIRP(PolMeas=PolLink=)) + 

[bookmark: _GoBack]Test time is also one of the consideration in WID objective, as spherical coverage is a 3D measurement which is very time consuming. 3D performance has been verified under connected mode. Given the similarity of antenna pattern between connected mode and initial access or RRC_INACTIVE mode, the beam correspondence for initial access or RRC_INACTIVE can be verified only at the 50%-tile direction obtained from connected mode to save test time.
Proposal 4:	beam correspondence for initial access or RRC_INACTIVE can be verified only at the 50%-tile direction obtained from connected mode to save test time.
3. 	Conclusion
Observation 1:	spherical coverage is the prime metric for beam correspondence
Observation 2:	open loop power control mechanism leads to varying uplink power configuration in spherical coverage measurement
Proposal 1:	it is proposed to enable the maximum output power in the beam correspondence of initial access and RRC_INACTIVE.
Proposal 2:	in order to achieve maximum output power in initial access and RRC_INACTIVE state, RAN4 to discuss and down-select among following options
· Option 1: multiple times test along with decreasing DL RS power level
· Option 2: hold RAR message to enable power ramp until maximum output power
· Option 3: adopt a test mode to force UE transmit with maximum output power

Observation 3:	it is difficult for many test systems to measure one of the component EIRP without beam lock when the component EIRP PolMeas is different from PolLink.
Proposal 3:	a compensation approach can be considered to address the testability limitation. RAN4 can further discuss how to determine the compensation value at each measurement grid point:
EIRP = maximum (EIRP(PolMeas=PolLink=), EIRP(PolMeas=PolLink=)) + 
Proposal 4:	beam correspondence for initial access or RRC_INACTIVE can be verified only at the 50%-tile direction obtained from connected mode to save test time.
4. 	References
[1] RP-220967,    “New WID: NR RF requirements enhancement for frequency range 2 (FR2), Phase 3”, Moderator (Nokia)
[2] RP-221862,    “Revised WID: NR RF requirements enhancement for frequency range 2 (FR2), Phase 3”, Nokia, Xiaomi
[3] 3GPP TS 38.213 V17.2.0 (2022-06),    “NR; Physical layer procedures for control”
image1.wmf
{

}

c

f

b

f,c

c

f

c

f

b

PL

P

i

P

i

P

,

,

target,

PRACH,

,

,

CMAX

,

,

PRACH,

),

(

min

)

(

+

=


image2.wmf
ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

×

+

×

+

=

)

,

(

)

(

)

(

)

(

))

(

2

(

log

10

)

(

),

(

min

)

,

,

,

(

,

,

,

TF,

,

,

,

,

PUSCH

,

RB,

10

,

O_PUSCH,

,

,

CMAX

,

PUSCH,

l

i

f

i

q

PL

j

i

M

j

P

i

P

l

q

j

i

P

c

f

b

f,c

b

d

c

f

b

c

f

b

f,c

b

f,c

b

c

f

d

f,c

b

a

m


