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Introduction
The Rel-18 WI NR RF requirements enhancement for frequency range 2 (FR2) was approved at RAN#95 [1]. Several aspects were discussed at previous meetings and the WF [2~7] were approved with open issues documented for further discussion. This document provides our view on the open issues on beam correspondence requirement.
Discussion
Minimum requirement for msg1
During RAN4#107 meeting, the WF of minimum requirement was captured as below.
Issue 1-1-1: minimum peak EIRP for msg1 + spherical coverage package
· WF
· Power tolerance due to open loop power control in initial access is for further discussion.
· Option 1: No tolerance is introduced.
· Option 2: The power tolerance should be introduced according to TS 38.101-2 clause 6.3.4.2, 6.3.4.3, or 6.3.4.4 in the following.
Operating band
Min EIRP at 50 %-tile CDF (dBm)
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n258
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n259
5.8
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8
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n263
2.3
NOTE 1:	Minimum EIRP at 50 %-tile CDF is defined as the lower limit without tolerance for RRC_CONNECTED STATE
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: For initial access and RA/CG-SDT in RRC_INACTIVE STATE, the power tolerance specified in 6.3.4.2, 6.3.4.3 or 6.3.4.4 should be applied on top of minimum EIRP at 50%-tile CDF. The applicability rules of the power tolerance are defined in 6.3.4.2, 6.3.4.3 and 6.3.4.4, respectively. 

· Option 3: Relaxation X dB is introduced to min EIRP at 50%-tile CDF.
· FFS for Beam lock in the core requirement.
· FFS whether RAR reception-based BC test is needed.


The option 2 introduces the impact of power control tolerance by a NOTE. The general section of power control requirement in TS 38.101-2 is as below. The power control tolerance requirements are only specified for beam peak direction.
Observation 1: The power control tolerance requirements are only specified for EIRP requirement.
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The requirements on power control accuracy apply under normal conditions and are defined as a directional requirement. The requirements are verified in beam locked mode on beam peak direction.


The requirement of absolute power tolerance in TS 38.101-2 is as below. When the UE transmits the first preamble, or when there is a gap >20ms before any subsequent preamble transmission, the absolute power tolerance shall apply even if the EIRP reaches Pmax. 
Observation 2: Absolute power tolerance apply to PRACH when the UE transmits the first preamble, or when there is a gap >20ms before any subsequent preamble transmission. The absolute power tolerance applies for EIRP level up to Pmax.
[bookmark: _Toc21340838][bookmark: _Toc29805285][bookmark: _Toc36456494][bookmark: _Toc36469592][bookmark: _Toc37254001][bookmark: _Toc37322858][bookmark: _Toc37324264][bookmark: _Toc45889787][bookmark: _Toc52196447][bookmark: _Toc52197427][bookmark: _Toc53173150][bookmark: _Toc53173519][bookmark: _Toc61119519][bookmark: _Toc61119901][bookmark: _Toc67925958][bookmark: _Toc75273596][bookmark: _Toc76510496][bookmark: _Toc83129651][bookmark: _Toc90591183][bookmark: _Toc98864213][bookmark: _Toc99733462][bookmark: _Toc106577362][bookmark: _Toc114537113][bookmark: _Toc115257381][bookmark: _Toc123086701][bookmark: _Toc124296025][bookmark: _Toc124296495]6.3.4.2	Absolute power tolerance
The absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame (1 ms) at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 20 ms. The tolerance includes the channel estimation error RSRP estimate.
The minimum requirements specified in Table 6.3.4.2-1 apply in the power range bounded by the minimum output power as specified in sub-clause 6.3.1 ('Pmin') and the maximum output power as specified in sub-clause 6.2.1 as minimum peak EIRP ('Pmax'). The intermediate power point 'Pint' is defined in table 6.3.4.2-2
Table 6.3.4.2-1: Absolute power tolerance
Power Range
Tolerance
Pint ≥ P ≥ Pmin
± 14.0 dB
Pmax ≥ P > Pint
± 12.0 dB

Table 6.3.4.2-2: Intermediate power point
Power Parameter
Value
Pint
Pmax – 12.0 dB



The requirement of relative power tolerance in TS 38.101-2 is as below. When the transmission gap before any subsequent preamble transmission is <=20ms, the relative power tolerance shall apply.
Observation 3: Relative power tolerance apply to PRACH when the transmission gap before any subsequent preamble transmission is <=20ms. The relative power tolerance applies for EIRP level up to Pmax.
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The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame (1 ms) relatively to the power of the most recently transmitted reference sub-frame (1 ms) if the transmission gap between these sub-frames is less than or equal to 20 ms.
…
Table 6.3.4.3-2: Relative power tolerance, PUMAX ≥ P > Pint
Power step ∆P (Up or down)
 (dB)
All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)
ΔP < 2
± 3.0
2 ≤ ΔP < 3
± 4.0
3 ≤ ΔP < 4
± 5.0
4 ≤ ΔP < 10
± 6.0
10 ≤ ΔP < 15
± 8.0
15 ≤ ΔP
± 9.0
NOTE 1:	The requirements apply with ue-BeamLockFunction enabled.
NOTE 2:	For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, guard periods: for a power step ΔP = 1 dB, the relative power tolerance for transmission is ± 1.0 dB.



The requirement of aggregate power tolerance in TS 38.101-2 is as below. The requirement applies when target power level remains unchanged. For PRACH measurement it’s expected power ramping would be used, therefore aggregate power tolerance wouldn’t apply. In addition, the existing requirement is only specified for PUCCH and PUSCH.
Observation 4: Aggregate power tolerance doesn’t apply to PRACH.
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The aggregate power control tolerance is the ability of the UE transmitter to maintain its power in a sub-frame (1 ms) during non-contiguous transmissions within 21ms in response to 0 dB TPC commands with respect to the first UE transmission and all other power control parameters as specified in 38.213 kept constant.
…
Table 6.3.4.4-2: Aggregate power tolerance, Pmax ≥ P > Pint
TPC command
UL channel
Aggregate power tolerance within 21 ms
0 dB
PUCCH
± 3.5 dB
0 dB
PUSCH
± 3.5 dB




Although the power control tolerance requirements are specified only for EIRP level, it’s reasonable that the spherical coverage power level will subject to the same factors that form the power control tolerance requirements, such as DL signal measurement accuracy, UE power control accuracy, etc. The specific power tolerance value for spherical coverage is never discussed in RAN4.
Observation 5: Absolute power tolerance and relative power tolerance shall also apply to PRACH spherical coverage requirement, but the specific values are unknown.
In RRC connected state, the MOP is tested with continuous UL scheduling to avoid absolute power tolerance, and TPC command for power-up is used until Pcmax is achieved so that the relative power tolerance could be avoided. For PRACH measurement, although Pcmax could be achieved by power ramping, it can’t be ensured the preamble retransmission is always within 20ms gap since the preamble retransmission process is highly depend on UE implementation, and there is no requirement for the transmission time. If the transmission gap is larger than 20ms, the absolute power tolerance is not avoidable. In this case, the expected power range of spherical coverage would be unclear due to the unknown absolute power tolerance requirement.
Observation 6: For PRACH measurement, absolute power tolerance is not avoidable. The expected power range of spherical coverage is unclear due to unknown absolute power tolerance requirement.
Proposal 1: RAN4 needs to study how to deal with the unclear power range of spherical coverage due to unknown absolute power tolerance requirement.
It’s proposed that RAN4 consider to include additional tolerance on top of PRACH spherical coverage requirement with below options:
Option 1: Adding tolerance to PRACH spherical coverage based on existing absolute power tolerance requirement for EIRP.
Option 2: Companies to study the specific tolerance on PRACH spherical coverage due to absolute power control.
Proposal 2: RAN4 to decide a way forward considering above options.
UE capability
During RAN4#107 meeting, the WF of UE capability was captured as below.
Sub-topic 1-4 UE capability 
· Proposals
· Option 1: Only the UE support both beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16 is considered can support Rel-18 msg1 beam correspondence in RRC_INACTIVE and initial access. (Huawei, MediaTek, ZTE)
· Option 2: The R-15 and forward release new UE supporting beamCorrespondenceWithoutUL-BeamSweeping can support msg1 beam correspondence. (Xiaomi)
· Option 3: The feature of supporting beam correspondence in initial access is only introduced for R18 onward UE. (vivo)
· Option 4: RAN4 to further discuss if Rel-18 msg1 beam correspondence requirements are mandatory or optional. If it is mandatory for all UE regardless of UE capability, then it should not be release independent to previous releases. (Samsung)
· WF
· Apply for Rel-18 onward UE. 
· Optional or mandatory is FFS

For initial access, the UL sweeping process is not available. UE needs to meet the beam correspondence requirements based on autonomously beam selection. The expected UE behaviour matches the existing UE capability of beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16. Option 1 could be considered as the starting point for the mapping between Rel-18 requirement and UE capability.
Proposal 3: Considering Option 1 for clarifying the applicability of Rel-18 requirement with regards to UE’s capability.
Conclusion
In this contribution we discussed the beam correspondence requirement in RRC_IDLE, according to the analysis, we have the following observations and proposals: 
Observation 1: The power control tolerance requirements are only specified for EIRP requirement.
Observation 2: Absolute power tolerance apply to PRACH when the UE transmits the first preamble, or when there is a gap >20ms before any subsequent preamble transmission. The absolute power tolerance applies for EIRP level up to Pmax.
Observation 3: Relative power tolerance apply to PRACH when the transmission gap before any subsequent preamble transmission is <=20ms. The relative power tolerance applies for EIRP level up to Pmax.
Observation 4: Aggregate power tolerance doesn’t apply to PRACH.
Observation 5: Absolute power tolerance and relative power tolerance shall also apply to spherical coverage requirement, but the specific values are unknown.
Observation 6: For PRACH measurement, absolute power tolerance might be unavoidable. The expected power range of spherical coverage is unclear due to unknown absolute power tolerance requirement.
Proposal 1: RAN4 needs to study how to deal with the unclear power range of spherical coverage due to unknown absolute power tolerance requirement.
Proposal 2: RAN4 to decide a way forward considering below options.
Option 1: Adding tolerance to PRACH spherical coverage based on existing absolute power tolerance requirement for EIRP.
Option 2: Companies to study the specific tolerance on PRACH spherical coverage due to absolute power control.
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