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1.	Introduction
PRACH RF requirements covers not only beam correspondence but also other requirements. In existing specification TS 38.101-2, MPR, time mask, power control and EVM are all involved with PRACH. Though those are not beam correspondence requirements, actually they are highly dependent on beam correspondence as prerequisite.  
[bookmark: _Hlk127956431]This issue has been discussed in RAN4#105 Toulouse meeting [1, R4-2218558] in this WI and in RAN4#106 Athens meeting [2, R4-2300990] in maintenance agenda respectively, after discussion it was deemed that this issue would be postponed to be discussed after this WI has conclusion.
In last meeting, there was good progress on this WI and all technical issues have been resolved, the main remaining work is to draft the feature CR. So it is appropriate timing to discuss this issue again.
In this contribution we further discuss the PRACH requirements handling and propose two options for discussion during meeting to move forward.
2. 	Discussion
It has been agreed that there is only msg1 spherical coverage requirements but no minimum peak EIRP requirements. In that sense, there will be only spherical coverage test but no beam peak search test for PRACH. However, existing PRACH requirements covers MPR, time mask, power control and EVM which are required to be verified at beam peak direction.
Observation 1:	existing PRACH requirements covers MPR, time mask, power control and EVM which are required to be verified at beam peak direction, but there is no beam peak search according to previous agreement (no min peak EIRP requirement)
Then there is confliction. One way to resolve the confliction is to remove corresponding PRACH requirements in MPR, time mask, power control and EVM, by considering that PRACH requirements are not applicable for those cases. This method will bring great impact to existing core specification. 
Another way is to keep existing PRACH requirement unchanged in core requirement but send LS to RAN5 resolving the confliction in test verification perspective. For example, for PRACH in MPR, since there is no min peak EIRP to be based on, it is deemed no test case for PRACH MPR; for PRACH in time mask, power control and EVM, since the metric is not absolute EIRP, it can be potentially verified at the direction in which best EIRP is obtained from PRACH spherical coverage test.
Proposal 1:	RAN4 to discuss following two options to resolve this issue:
· Option 1: remove PRACH requirements for MPR, time mask, power control and EVM in core specification
· Option 2: send LS to RAN5 to inform RAN4 guidance on test verification perspective
More details for Option 1 and Option 2 can be found in Annex for the convenience of further discussion.
3. 	Conclusion
Observation 1:	existing PRACH requirements covers MPR, time mask, power control and EVM which are required to be verified at beam peak direction, but there is no beam peak search according to previous agreement (no min peak EIRP requirement)
Proposal 1:	RAN4 to discuss following two options to resolve this issue:
· Option 1: remove PRACH requirements for MPR, time mask, power control and EVM in core specification
· Option 2: send LS to RAN5 to inform RAN4 guidance on test verification perspective
More details for Option 1 and Option 2 can be found in Annex for the convenience of further discussion.
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5. 	Annex
5.1	Option 1: Remove PRACH in MPR, time mask, power control and EVM
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[bookmark: _Hlk520275743]The requirements in clause 6.2.2 only apply when both UL and DL of a UE are configured for single CC operation, and they are of the same bandwidth. A UE may reduce its maximum output power due to modulation orders, transmit bandwidth configurations, waveform types and narrow allocations. This Maximum Power Reduction (MPR) is defined in clauses below. The allowed MPR for SRS, PUCCH formats 0, 1, 3 and 4, and PRACH shall be as specified for QPSK modulated DFT-s-OFDM of equivalent RB allocation. The allowed MPR for PUCCH format 2 shall be as specified for QPSK modulated CP-OFDM of equivalent RB allocation. When the maximum output power of a UE is modified by MPR, the power limits specified in clause 6.2.4 apply.
For a UE that is configured for single CC operation with different channel bandwidths in UL and DL, the requirements in clause 6.2A.2 apply.
For all power classes, the waveform defined by BW = 100 MHz, SCS = 120 kHz, DFT-S-OFDM QPSK, 20RB23 is the reference waveform with 0 dB MPR and is used for the power class definition.
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The PRACH ON power is specified as the mean power over the PRACH measurement period excluding any transient periods as shown in Figure 6.3.3.4-1. The measurement period for different PRACH preamble format is specified in Table 6.3.3.4-1.
Table 6.3.3.4-1: PRACH ON power measurement period
	Format
	SCS
	Measurement period
	Note

	A1
	60 kHz
	0.035677 ms
	

	
	120 kHz
	0.017839 ms
	

	
	480 kHz
	0.004460 ms
	

	
	960 kHz
	0.002230 ms
	

	A2
	60 kHz
	0.071354 ms
	

	
	120 kHz
	0.035677 ms
	

	
	480 kHz
	0.008919 ms
	

	
	960 kHz
	0.004460 ms
	

	A3
	60 kHz
	0.107031 ms
	

	
	120 kHz
	0.053516 ms
	

	
	480 kHz
	0.013379 ms
	

	
	960 kHz
	0.006690 ms
	

	B1
	60 kHz
	0.035091 ms
	

	
	120 kHz
	0.0175455 ms
	

	
	480 kHz
	0.004386 ms
	

	
	960 kHz
	0.002193 ms
	

	B4
	60 kHz
	0.207617 ms
	

	
	120 kHz
	0.103809 ms
	

	
	480 kHz
	0.025952 ms
	

	
	960 kHz
	0.012976 ms
	

	A1/B1
	60 kHz
	0.035677 ms for front X1 occasion
0.035091 ms for last occasion

	X1 = [2,5]

	
	120 kHz
	0.017839 ms for front X1occasion
0.017546 ms for last occasion

	

	
	480 kHz
	  0.004460 ms for front X1 occasion
 0.004386 ms for last occasion
	

	
	960 kHz
	0.002230 ms for front X1occasion
0.002193 ms for last occasion
	

	A2/B2
	60 kHz
	0.071354 ms for front X2 occasion
0.069596 ms for last occasion

	X2 = [1,2]

	
	120 kHz
	0.035677 ms for front X2 occasion
0.034798 ms for last occasion

	

	
	480 kHz
	0.008919 ms for front X2 occasion
0.008700 ms for last occasion
	

	
	960 kHz
	0.004460 ms for front X2 occasion
0.004350 ms for last occasion
	

	A3/B3
	60 kHz
	0.107031 ms for first occasion
0.104101 ms for second occasion
	

	
	120 kHz
	0.053515 ms for first occasion
0.052050 ms for second occasion
	

	
	480 kHz
	0.013379 ms for first occasion
0.013013 ms for second occasion
	

	
	960 kHz
	0.006690 ms for first occasion
0.006506 ms for second occasion
	

	C0
	60 kHz
	0.026758 ms
	

	
	120 kHz
	0.013379 ms
	

	
	480 kHz
	0.003345 ms
	

	
	960 kHz
	0.001672 ms
	

	C2
	60 kHz
	0.083333 ms
	

	
	120 kHz
	0.0416667 ms
	

	
	480 kHz
	0.010417 ms
	

	
	960 kHz
	0.005208 ms
	

	NOTE:	For PRACH on PRACH occasion start from begin of 0ms or 0.5 ms boundary, the measurement period will plus 0.032552 μs
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Figure 6.3.3.4-1: PRACH ON/OFF time mask
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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.
The minimum requirements specified in Table 6.3.4.3-1 apply when the power of the target and reference sub-frames are within the power range bounded by the minimum output power as defined in sub-clause 6.3.1 and Pint as defined in sub-clause 6.3.4.2. The minimum requirements specified in Table 6.3.4.3-2 apply when the power of the target and reference sub-frames are within the power range bounded by Pint as defined in sub-clause 6.3.4.2 and the measured PUMAX as defined in sub-clause 6.2.4.
For a test pattern that is either a monotonically increasing or monotonically decreasing power sweep over the range specified for Tables 6.3.4.3-1 and 6.3.4.3-2, 3 exceptions are allowed for each of the test patterns. For these exceptions, the power tolerance limit is a maximum of ±11.0 dB.
Table 6.3.4.3-1: Relative power tolerance, Pint ≥ P ≥ Pmin
	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
	±5.0

	2 ≤ ΔP < 3
	±6.0

	3 ≤ ΔP < 4
	±7.0

	4 ≤ ΔP < 10
	±8.0

	10 ≤ ΔP < 15
	±10.0

	15 ≤ ΔP
	±11.0

	NOTE:	The requirements apply with ue-BeamLockFunction enabled.



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.
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The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM, the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM.
The measured waveform is further equalised using the channel estimates subjected to the EVM equaliser spectrum flatness requirement specified in sub-clauses 6.4.2.4 and 6.4.2.5. For DFT-s-OFDM waveforms, the EVM result is defined after the front-end FFT and IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. For CP-OFDM waveforms, the EVM result is defined after the front-end FFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %.
The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and one slot for PUCCH and PUSCH in the time domain. The EVM measurement interval is reduced by any symbols that contains an allowable power transient in the measurement interval as as defined in clause 6.3.3.
The RMS average of the basic EVM measurements over 10 subframes for the average EVM case, and over 60 subframes for the reference signal EVM case, for the different modulation schemes shall not exceed the values specified in Table 6.4.2.1-1 for the parameters defined in Table 6.4.2.1-2 or 6.4.2.1-3, depending on UE power class. For EVM evaluation purposes, all 13 PRACH preamble formats and all 5 PUCCH formats are considered to have the same EVM requirement as QPSK modulated. 
The requirement is verified with the test metric of EVM (Link=TX beam peak direction, Meas=Link angle).







5.2	Option 2: keep core req. but send LS to RAN5
	
Title:	[Draft] LS to RAN5 on Multi-Rx DL 2AoA spherical coverage test
Response to:	
Release:	Rel-18
Work Item:	NR_RF_FR2_req_Ph3

Source:	Samsung (to be RAN4)
To:	RAN5
Cc:	

Contact Person:	
Name:	Bozhi Li
E-mail Address	bozhi.li@samsung.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	none


1. Overall Description:
During the discussion of beam correspondence in Rel-18 FR2 RF enhancement, RAN4 agreed that there is only EIRP spherical coverage requirement and no minimum peak EIRP requirement for PRACH in MOP. Given no minimum peak EIRP requirement for PRACH, RAN4 discussed the FR2 PRACH requirements applicability in MPR, time mask, power control and EVM, as other requirements than MOP are also based on the beam peak direction obtained from minimum peak EIRP test case. RAN4 achieved following agreements:
For MPR, since there is no minimum peak EIRP requirement to be referenced to, so no MPR verification for PRACH is needed; For the PRACH requirements in time mask, power control and EVM, the beam peak direction is determined as the direction with best EIRP in the PRACH EIRP spherical coverage measurement. Above statements are applicable since Rel-15.

2. Actions:
[bookmark: OLE_LINK17]To RAN5:
ACTION: 	RAN4 respectfully requests RAN5 to take the above into account in the future work.

3. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #110			26 February – 1 March 2024		Athens, Greece
TSG RAN WG4 Meeting #110bis			15 April – 19 April 2024		              China
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