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1 Introduction
[bookmark: OLE_LINK25]In RAN#95e meeting, the approved work item [1] includes the objective to specify UE beam correspondence requirements for initial access and RRC_INACTIVE state, for SSB-based beam correspondence without UL beam sweeping. During the last RAN4 meeting, there were some open issues left for further discussion in [2]. In this contribution, we want to share some further views on beam correspondence requirement and its applicability.
2 Discussion
[bookmark: OLE_LINK4][bookmark: OLE_LINK23][bookmark: OLE_LINK50][bookmark: OLE_LINK66]2.1 Minimum peak EIRP and spherical coverage requirement
	· Proposals
· Option 1: Do not specify the min peak EIRP requirements but Same spherical coverage as RRC_Connected mode (Huawei, Apple, MediaTek)
· Option 2: Lower than the min peak EIRP of RRC_Connected mode  + Same spherical coverage as RRC_Connected mode (5-7 dB lower by Xiaomi)
· Option 3: Same as min peak EIRP of RRC_Connected mode  + Same spherical coverage as RRC_Connected mode (Sony, CMCC, Nokia, ZTE)
· Option 4: Develop RF requirements based on different UE capabilities for beam correspondence in initial access:
· For UE support “beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16”, same beam correspondence requirement in RRC_CONNECTED is applied.
· For UE doesn’t support “beamCorrespondenceWithoutUL-BeamSweeping and beamCorrespondenceSSB-based-r16”, 7 dB relaxation is applied to both min peak EIRP and spherical coverage. (vivo)
· Agreement:
· msg1 spherical coverage requirement will be further discussed 
· Enable multiple PRACH transmission in testing mode, including holding RAR.
· The accumulative period of measurement for PRACH transmission shall be at least 1 ms.
· The requirement is verified with the test metric of EIRP (Link=spherical coverage grid, Meas=Link angle). (Vivo, Huawei, mediaTek, Apple, xiaomi, Ericsson, Samsung, ZTE)
· No minimum peak EIRP requirement will be specified for initial access and RRC INACTIVE STATE

· 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)

	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 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.


In last meeting, an agreement that no min peak EIRP requirement will be specified for IA and RRC_INACTIVE state and msg1 spherical coverage requirement will be further discussed was reached.
Considering some companies raised the concern that UEs have difficulty in implementing fine beam during initial access under the premise of not increasing initial acquisition time, a compromise that do not specify the min peak EIRP requirements but remain spherical coverage was made. In that case, it is very important to guarantee that UE especially at the edge of cell can be connected to the network correctly during initial access, and consequently the spherical coverage requirement should be same as RRC_Connected mode. According to the test in [3] and [4], the spherical coverage requirement can be easily achieved at 50% regardless of rough beam or fine beam, and it is no immediate need for reducing the spherical coverage requirement.
Proposal 1: Spherical coverage requirement needs to be same as RRC_Connected mode.
2.2 Power tolerance
In last meeting, a proposal was made to discuss how to consider and introduce the absolute and/or relative power tolerance on top of spherical coverage requirement for BC in initial access. Then, it is suggested that power tolerance due to open loop power control in initial access is for further discussion in the WF[2].
Relative power tolerance is used to characterize closed loop power control accuracy, so it is inappropriate to introduce this requirement for beam correspondence in initial access.
Proposal 2: Relative power tolerance is used to characterize closed loop power control accuracy, so it is inappropriate to introduce this requirement for beam correspondence in initial access.
For absolute power tolerance requirement, it is associated with open loop power control, which is used for PRACH during random access and for PUSCH and PUCCH as part of the UL power control. Absolute power tolerance is introduced to measure the accuracy of UE transmitter output power relative to the target power in the first subframe when no transmissions is more than 20ms. 
For PRACH the UE determines a transmission power for a physical random access channel as 
	  [dBm]
where PPRACH,target,f,c represents the target received power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers and PLf,c is the estimated DL path loss, which can be calculated by the UE in dB as
DL PL = referenceSignalPower – higher layer filtered RSRP in dBm
While UL PL is given by 
UL PL = PCMAX,f,c – PRXmax
The transmission power for PRACH is based on the estimation of DL PL, which has a significant difference from UL PL in FR2. However, if a UE has beam correspondence capability, the error between DL PL and UL PL can be reduced and UE transmitter output power is closer to the target power. In a word, for absolute power tolerance and open loop control, it may be relevant to characterize the beam correspondence capability in terms of the difference between the estimated DL and UL path losses. However, the existing absolute power tolerance of ±12.0 dB in accordance with the minimum requirement is too lax for UE with beam correspondence and would not help ensuring a successful PRACH procedure.
Proposal 3: For absolute power tolerance and open loop control, it may be relevant to characterize the beam correspondence capability in terms of the difference between the estimated DL and UL path losses. However, the existing absolute power tolerance of ±12.0 dB in accordance with the minimum requirement is too lax for UE with beam correspondence and would not help ensuring a successful PRACH procedure.
2.3 UE capability
	· Proposals
· [bookmark: _Hlk132994535]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


According to TS 38.306 as the following table, in release 16, the existing UE capability such as beamCorrespondenceWithoutUL-BeamSweeping is introduced for RRC_CONNECTED as mandatory ability, while beamCorrespondenceSSB-based-r16 is an optional ability. 
According to the description about the definition for beamCorrespondenceWithoutUL-BeamSweeping, from our understanding, beam correspondence requirement is mandatory for UEs in Rel-16. Rel-16 UEs can fulfill this requirement through two approaches, one is without UL beam sweeping which represents UEs can achieve a rather good beam correspondence capability, the other is with UL beam sweeping which means UEs have a relatively poor beam correspondence capability. The beam correspondence tolerance requirement was introduced to require UEs supporting beam correspondence with UL beam sweeping to meet, in that the selected UL beam through beam sweeping and chose UL beam based on beam correspondence does not match.
Table 1: Parameters of beam correspondence
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	Definitions for parameters

	beamCorrespondenceSSB-based-r16
Indicates whether the UE support for beam correspondence based on SSB has the ability to select its uplink beam based on measurement of SSB. If a UE supports beam correspondence based on SSB, then the network can expect the UE to also fulfil Rel-15 beam correspondence requirements.
If UE supports neither beamCorrespondenceSSB-based-r16
nor beamCorrespondenceCSI-RS-based-r16, gNB can expect the UE to fulfil beam correspondence based on Rel-15 beam correspondence requirements.
	Band
	No
	TDD only
	FR2 only

	beamCorrespondenceWithoutUL-BeamSweeping
Indicates how UE supports FR2 beam correspondence as specified in TS 38.101-2 [3], clause 6.6. The UE that fulfils the beam correspondence requirement without the uplink beam sweeping (as specified in TS 38.101-2 [3], clause 6.6) shall set the field to supported. The UE that fulfils the beam correspondence requirement with the uplink beam sweeping (as specified in TS 38.101-2 [3], clause 6.6) shall not report this field.
	Band
	Yes
	N/A
	FR2 only


[bookmark: _GoBack]To our understanding, UEs without beam correspondence has the possibility to select the wrong Tx beam to transmit PRACH since UEs can’t perform beam sweeping during initial access. As a consequence, it will take more time for UEs to connect to the network. The following table is cited from [5], which shows the gap on the time needed between UEs with or without beam correspondence to find the right beam to perform RACH. In addition, way forward in last meeting specified that msg1 beam correspondence requirement introduced in Rel-18 apply for Rel-18 onward UE. As a consequence, it is necessary to have beam correspondence feature as mandatory in Rel-18 for the reason that UEs without beam correspondence need significantly more time to find the right beam in initial access procedure comparing to UEs with beam correspondence. 
Table 2: Compare the time required to find right beam for PRACH (5% tile)
	
	W/ beam correspondence
	W/o beam correspondence

	ISD= 100m
	19ms
	1921ms

	ISD= 250m
	36ms
	1953ms

	ISD= 500m
	89ms
	2009ms


[bookmark: OLE_LINK12]Proposal 4: It is necessary to have beam correspondence feature as mandatory in Rel-18 for the reason that UEs without beam correspondence need significantly more time to find the right beam in initial access procedure comparing to UEs with beam correspondence.  
3 Conclusion
In this contribution, we want to share some views on beam correspondence requirement and its applicability and the proposals are made as following:
Proposal 1: Spherical coverage requirement needs to be same as RRC_Connected mode.
Proposal 2: Relative power tolerance is used to characterize closed loop power control accuracy, so it is inappropriate to introduce this requirement for beam correspondence in initial access.
Proposal 3: For absolute power tolerance and open loop control, it may be relevant to characterize the beam correspondence capability in terms of the difference between the estimated DL and UL path losses. However, the existing absolute power tolerance of ±12.0 dB in accordance with the minimum requirement is too lax for UE with beam correspondence and would not help ensuring a successful PRACH procedure.
Proposal 4: It is necessary to have beam correspondence feature as mandatory in Rel-18 for the reason that UEs without beam correspondence need significantly more time to find the right beam in initial access procedure comparing to UEs with beam correspondence.  
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