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1.
Introduction

The FR2 PRACH Test cases in Annex A of TS 38.133 [1] are incomplete, and not currently in a form that RAN5 could implement. The test cases discussed here are the NSA and SA Contention based and Non-contention based random access in FR2: A.5.3.2.2.1, A.5.3.2.2.2, A.7.3.2.2.1 and A.7.3.2.2.2 from TS 38.133 Annex A.
This discussion document looks at the some of the main issues and differences compared to the FR1 Test cases, and proposes principles for test case updates. In summary:
· A fixed value for rsrp-ThresholdSSB is not practical, so the test case needs to derive a suitable value
· A fixed value for ss-PBCH-BlockPower is not practical, so the test case needs to derive a suitable value
· The number of power ramping steps needs to be reduced, but the test purpose can still be met
The aim here is to endorse the principles for update of the FR2 random access test cases. The following sections explain the key issues, and propose updates to address each issue with an analysis of feasible values. An accompanying CR for the test cases is provided in R4-2009558 [4]. 

2.
Downlink signal levels and thresholds
2.1 Design of FR1 PRACH test case 
For illustration it is useful to look at the standalone FR1 test case in A.6.3.2.2.1, where SSB with index 0 is set to be above configured rsrp-ThresholdSSB and SSB with index 1 is set to be below it:
[image: image1.png]-90

SSBO level

-954Bm/SCS
UE SS-RSRP.
absolute accuracy
-100 +8dB (Io >-70dBm)
Signalled value of
rstp-ThresholdSSB
-105dBm
-110 UE SS-RSRP
absolute accuracy
+8dB (Io >-70dBm)
SSB1 level
-115dBmiscs T T[T T

-120




Figure 2.1-1: Downlink signal levels and thresholds in FR1 RRM test case A.6.3.2.2.1
The SSB0 and SSB levels are chosen so that taking into account the UE SS-RSRP absolute accuracy, the levels remain decisively above and below the signalled rsrp-ThresholdSSB. The UE should therefore choose SSB0 when sending PRACH preambles on the uplink and determining their power.

2.2 Design of FR2 PRACH test case 
For FR1 the UE SS-RSRP absolute accuracy of ±8dB includes all the UE-related variability between the applied SSB_RP and the reported value. However in FR2, there are a total of 3 factors which affect the reported SS-RSRP when a defined SSB_RP is applied at the Reference point:
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Figure 2.2-1: modelling of contributions affecting SS-RSRP reported values

The factors are (example values for Power class 3, Band n260):
· Spherical coverage gain, 0dB to -12.6dB, variability of ±6.3dB (38.101-2 Tables 7.3.2.3-1, 7.3.4.3-1)
· UE gain G, -10dB to +20dB, variability of ±15dB (38.133 Table B.2.1.5.1-1)
· SS-RSRP Intra frequency absolute accuracy, variability of ±8dB (38.133 Table 10.1.3.1.1-1)
The test cases are currently specified with Angle of Arrival Setup 2b, which is Single AoA in non Rx beam peak direction with change in direction. Taken together the variability could be ±(6.3dB+15dB+8dB) = ±29.3dB, which makes it impossible to choose realistic levels above and below the signalled threshold.  
2.3 Update of FR2 PRACH test case – downlink part 
The test purpose for PRACH test cases is to verify that the behaviour of the random access procedure is according to the requirements, and that the PRACH power settings and timing are within specified limits. It is not aimed at testing SS-RSRP accuracy, UE gain G or the spherical coverage itself.
To avoid the very wide range of applied SSB_RP, the proposal here is to use a fixed level of -80.6dBm/SCS for SSB with index 0, observe the UE-reported SS-RSRP, and use this to derive a signalled value for rsrp-ThresholdSSB. This can then be set so that the UE reliably sees SSB with index 0 as above the threshold, and reliably sees SSB with index 1 as below the threshold. The method to set rsrp-ThresholdSSB would be:
· Apply SSB with index 0 at -80.6dBm/SCS, and record UE-reported SS-RSRP as Xref
· Calculate rsrp-ThresholdSSB = FLOOR (Xref – 6dB -1dB) 
· Run test cases using signalled value of rsrp-ThresholdSSB as calculated above 
The “-6dB” is to allow for the UE relative reporting accuracy between the calibration and the test case (although they can use exactly the same level) and the “-1dB” is to account for the 1dB quantisation of  the reported SS-RSRP (at the time of calibration, the UE might be exactly on the borderline and reporting sometimes SS-RSRP_x, sometimes SS-RSRP_x+1). The FLOOR function rounds down to the nearest integer value as rsrp-ThresholdSSB is also quantised. This ensures the signalled threshold is reliably below the UE-reported value for SSB index 0, resulting in SSB index 0 being decisively above the signalled rsrp-ThresholdSSB (as for FR1).
The applied SSB with index 1 is set to -95.0dBm/SCS, to ensure that it is decisively below the signalled rsrp-ThresholdSSB (as for FR1) after taking into account UE relative accuracy.
The applied SSB index 0 level is chosen to ensure that the Io side condition for SS-RSRP measurement is met, taking into account practical test system uncertainty. As SSB index 0 and SSB index 1 are on the same frequency and generated at baseband, their relative levels will be closely controlled.

The principle is illustrated in Figure 2.3-1, and is similar to that already used for RAN5 signalling test cases.

In the actual test cases, an alternative formula for the signalled value of rsrp-ThresholdSSB is used which takes into account the quantised reporting of RSRP and the mapping in TS 38.133 Table 10.1.6.1-1. 
Based on the above considerations, Anritsu therefore makes the following proposal: 

· Proposal 1: Determine and signal rsrp-ThresholdSSB after downlink “RRSP-based calibration”
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 Figure 2.3-1: Example setting of rsrp-ThresholdSSB with ∆DL +5dB
3.
Uplink signal levels
3.1 Calculation of nominal PRACH power - principle 
To determine the PRACH power, the UE uses the formula specified in TS 38.213 [2] clause 7.4:

A UE determines a transmission power for a physical random access channel (PRACH), [image: image4.wmf])
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 calculated by the UE in dB as referenceSignalPower – higher layer filtered RSRP, where RSRP is defined in [7, TS 38.215] and the higher layer filter configuration is defined in [12, TS 38.331]. 

7.4
Physical random access channel

A UE determines a transmission power for a physical random access channel (PRACH), [image: image22.wmf])
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 and calculated by the UE in dB as referenceSignalPower – higher layer filtered RSRP in dBm, where RSRP is defined in [7, TS 38.215] and the higher layer filter configuration is defined in [12, TS 38.331]. If the active DL BWP is the initial DL BWP and for SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in Subclause 13, the UE determines [image: image41.wmf]c
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The test case defines Configured UE transmitted power PCMAX,f,c to be signalled as “maximum value configurable for certain power class”, and normally will be higher than the pathloss term, so the formula simplifies to:

PPRACH = PPRACH,target + PL [dBm]
If we include pathloss according to the TS 38.213 [2] formula shown with highlight above:
PPRACH = PPRACH,target + referenceSignalPower – higher layer filtered RSRP
For the terms in this equation:

· The test cases specify FR2 PRACH configuration 1, in TS 38.133 [1] clause A.3.8.3, with PPRACH,target defined by preambleReceivedTargetPower as -120dBm. This value however conflicts with the test case definition in for example TS 38.133 [1] Table A.7.3.2.2.1.1-3, which specifies preambleReceivedTargetPower as -60dBm. For illustration here, -120dBm is used.
· referenceSignalPower is not defined, either in the FR2 PRACH test cases or FR2 PRACH configuration. For FR1, referenceSignalPower is specified in the test case, for example TS 38.133 [1] Table A.6.3.2.2.1.1-2, which specifies ss-PBCH-BlockPower as -5dBm. For illustration here, -5dBm is used.
· higher layer filtered RSRP is the SSB-RP. For illustration here, take this as the power applied to the UE. Using the current test case definition in for example TS 38.133 [1] Table A.7.3.2.2.1.1-3, SSB_RP for index 0 is “[10] dB larger than SSB_RP for SSB index 1”, which in turn refers to the Minimum SSB_RP value in TS 38.133 Table B.2.2-2. For PC3, n260, Spherical coverage, this would be (-96.9dBm/SCS +10dB) = -86.9dBm/SCS.    
Using the values above, the UE will calculate:
· PPRACH = -120 dBm + (-5 dBm – (-86.9 dBm)) = -38.1 dBm    
This is too low to measure reliably. The values to be used in the test cases are reconsidered in section 3.4 of this document.
3.2 Absolute accuracy of PRACH power 
When the UE estimates uplink power based on downlink levels and path loss, the accuracy is given in TS 38.101-2 [3]:

6.3.4
Power control

6.3.4.1
General

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.

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


In Anritsu’s understanding, as the formula in TS 38.213 [2] clause 7.4 for calculating PPRACH does not distinguish between FR1 and FR2, it applies to FR2 in the same way. We also assume that when calculating the uplink power, that “higher layer filtered RSRP” refers to the applied power at the UE reference point, and not to an internal point such as the combined signal from antenna elements corresponding to a given receiver branch.

To illustrate, consider the scenario in section 3.1 of this document:

· PPRACH = -120 dBm + (-5 dBm – (-86.9 dBm)) = -38.1 dBm
Based on:
      PPRACH,target defined by preambleReceivedTargetPower: -120dBm
      referenceSignalPower defined by ss-PBCH-BlockPower: -5dBm
      higher layer filtered RSRP defined by applied SSB_RP for index 0: -86.9dBm
This interpretation is consistent with the TS 38.101-2 [3] absolute power tolerance of ±14.0dB or ±12.0dB depending on level. If the higher layer filtered RSRP were based on the combined signal from antenna elements corresponding to a given receiver branch, the UE gain G, which has a total range of 30dB for power class 3 (-10dB to +20dB) would result in a much wider tolerance.

We note also that as the formula for PPRACH includes estimation of path loss, it automatically takes variation in UE gain G into account and compensates for it, assuming the gain G applies on both UL and DL.
In TS 38.101-2 [3] General clause 6.3.4.1, the Power control accuracy requirements are stated to be verified on beam peak direction, as confirmed by several companies at RAN4#94bis.
We propose to base the updates to TS 38.133 FR2 PRACH test cases on the assumption:
· Assumption 1: The Absolute power tolerance requirement in TS 38.101-2 clause 6.3.4.2 is based on higher layer filtered RSRP taken as SSB_RP applied to the UE at the Reference point

3.3 Relative accuracy of PRACH power  
From TS 38.101-2 [3]:

· Minimum output power is -13dBm for Power class 3, n259 (38.101-2 Table 6.3.1.2-1)
· Min peak EIRP is +18.7dBm for Power class 3, n260 (38.101-2 Table 6.2.1.3-1), with a relaxation of up to 0.7dB (38.101-2 Table 6.2.1.3-4)
· Min Spherical coverage EIRP is +5.8dBm for Power class 3, n259 (38.101-2 Table 6.2.1.3-3), with a relaxation of up to 0.7dB (38.101-2 Table 6.2.1.3-4)
This means that the range of uplink power in Spherical coverage directions may only be (5.8 -0.7 –(-13)) = 18.1dB. As the UE absolute power tolerance is ±14.0dB, even test parameters that targeted the PPRACH optimally in the centre of the uplink dB range could not guarantee to stay within it.

Three other factors need to be taken into consideration:

· In the test case, the initial PRACH is followed by subsequent PRACHs at higher power

· The test system will have an uncertainty in downlink applied power, which will widen the uplink range
· The test system will have an uncertainty when measuring uplink applied power
The test cases refer to FR2 PRACH configuration 1, which specifies the maximum number of preamble transmissions before declaring a failure as 6, with a power ramping step of 2dB. Next we look at the power ramping steps, which have a relative tolerance defined in TS 38.101-2 [3]:

6.3.4.3
Relative power tolerance

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 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.


3.4 Update of FR2 PRACH test case – uplink part  
In a practical test case, we need to consider how many power ramping step of 2dB can be included in the uplink range, taking into account test system uncertainties and UE tolerances. We consider a scenario in Rx beam peak direction.
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Figure 3.4-1: Power ramping steps
Figure 3.4-1 shows that in Rx beam peak direction, and with an optimum start point in the centre of the range, it is only possible to have 2 power ramping steps. In theory 3 power steps would be possible if the uplink power setting method had zero tolerance, but this is clearly not achievable in a practical test system.
In spherical coverage directions, the minimum peak EIRP is reduced, by up to 12.6dB for Power Class 3 n260. This narrows the range further, and would barely allow 1 power ramping step.  

The test cases as currently defined in TS 38.133 [1] include some subtests that use 5 transmitted preambles. However we believe the test purpose can be achieved by using a minimum of 2 transmitted preambles (first preamble plus one power ramping step).
The current test cases also rely on fixed parameter values to set the nominal power of the first PRACH preamble, but for FR2 the uplink power variability is too large, and may result in no room for power steps.
To centre the first PRACH power and allow enough range for the steps, the proposal here is to use a fixed level of -80.6dBm/SCS for SSB with index 0 in Rx beam peak direction, observe 1st PRACH power with baseline values for preambleReceivedTargetPower and ss-PBCH-BlockPower, determine the difference from the target power of +1dBm, and use this to set parameters so that the first PRACH power is correctly centred when the test is run. The method to set ss-PBCH-BlockPower would be:

· Apply SSB with index 0 at -80.6dBm/SCS in Rx beam peak direction, preambleReceivedTargetPower = -100dBm and ss-PBCH-BlockPower = +20dBm. Record the first PRACH power as PPRACH0.
· Calculate ss-PBCH-BlockPower 1 = ROUND(20 - (PPRACH0 -1)) 
· Run test cases using signalled value of ss-PBCH-BlockPower 1 = ROUND(20 - (PPRACH0 -1))  
ss-PBCH-BlockPower is chosen as the variable parameter because it has a resolution of 1dB. preambleReceivedTargetPower has a resolution of 2dB, and remains a fixed value.
Based on the above considerations, Anritsu therefore makes the following proposals: 

· Proposal 2: Determine and signal ss-PBCH-BlockPower), after uplink “PRACH-based calibration” 
· Proposal 3: Use Rx Beam peak direction and reduce the number of power ramping steps
The detailed values are proposed in the accompanying CR R4-2009558 [4].
4.
Way Forward
For RAN5 to implement FR2 PRACH Test cases, significant updates are needed based on the investigation in earlier sections of this document. To ensure that further work is productive and heading in an agreed direction, RAN4 is requested to endorse Proposals 1 to 3 below:

· Proposal 1: Determine and signal rsrp-ThresholdSSB after downlink “RRSP-based calibration”
· Proposal 2: Determine and signal ss-PBCH-BlockPower after uplink “PRACH-based calibration” 

· Proposal 3: Use Rx Beam peak direction and reduce the number of power ramping steps
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