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1 Background
When RAN4 visited RAN1 during the November WG sessions to discuss testing of beam correspondence and its importance for system performance, PRACH performance and performance during initial access were used as prime examples. But how to verify beam correspondence at initial access?
Ideally we would like to verify that the TX and RX beams are “aligned” or at least “correlated” in the configuration. In this contribution we propose to use PRACH power control for this purpose: the radiated preamble power pattern over the sphere is compared with the ability to receive the Msg2 in corresponding directions.
2 Test methodology: correlation between PRACH power and msg2 detection capability
The UEs that support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam management. Figure 1 illustrates a case without beam correspondence: the beam pattern used for the DL measurements (solid line) in the direction of the source (the arrow) does not correspond to an optimal beam pattern for UL transmission (dashed). 
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Figure 1: a case in which the DL beam pattern (solid) does not correspond the optimal UL beam (dashed).
For intial access beam correspondence is crucial for e.g. PRACH coverage: the RX beam pattern chosen should be directed towards the source to yield a DL PL (actually a coupling loss) suitable for setting the UL power of a similar TX beam pattern. The beam patterns used for initial access may be different from those used in connected mode to facilaite selection of a suitable gNB DL beam.
Beam correspondence for connected mode is verified by a spherical coverage test in terms of absolute powers (with possible UL beam management based on capability). It is assumed that compliance with the UL spherical coverage test requires that the DL measurement is based on a “sufficiently good” beam pattern similar to the UL beam pattern selected for each direction measured. The test is configured such that high-beam UL patterns can be used to meet the spherical coverage requirement expressed in terms of an absolute power requirement (EIRP) at the 50th percentile.
For intial access verification a spherical coverage measurement of RA preamble power could also be used, but an absolute EIRP requirement at a CDF percentile may reduce the choice of antenna patterns suitable for SSB measurements, PRACH power control and corresponding preamble transmissions. Intead of this, we propose to start by verifying that the radiated preamble power is sufficiently “omni-directional” by a spherical power measurement normalized to the power in the direction of the maximum over the sphere. Given the spherical coverage measurement, beam correspondence is further verified by checking that the the reception of the Random Access Response (msg2) is less successful in the directions in which the maximum radiated preamble power is much lower than that measured in the direction of the maximum. 
The PRACH power is
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defined in the same plane of reference as the RSRP measurement (UE implementation specific), hence before beam forming. The PL is estimated in the DL; it is in fact the coupling loss that also includes the UE RX beam gain. Reception of msg2 at a given SSB power is less successful in directions where the PL is higher and hence where the RX beam gain is lower assuming that the actual path loss is not depedning on the direction (e.g. the UE rotated at a fixed distance in a test chamber). Beam correspondence then implies that the TX beam gain is lower in the said directions, which would be manifested by a lower maximum radiated preamble power in these directions in a spherical coverage test at maximum power setting. Conversely, if the PL is lower and the RX gain higher msg2 reception is more successful: i.e. msg2 reception as acknowledged by a msg3 response is expected for a lower SSB power in diretions of higher preamble power compared to that required in directions of lower power. It is assumed throughout that the PRACH is configured such that the maximum power Pcmax is attained throughout the measurement, the radiated power in a given direction is then bounded by the beam pattern. 
The test procedure would be as follows:
1. Measure the maximum Random Access preamble radiated power over the sphere (similar to sperhical-coverage verification of BC) with PRACH configured such that maximum power Pcmax,c is reached for each direction, do not send Random Access Response  (msg2) until the preamble power stops increasing. Keept the SSB power and target received power constant (e.g. set the target received power, preamble power step and number of preamble transmissions such that the maximum power is attained). This is similar to sending repeated “UP” commands in verification of the spherical coverage in connected mode.
2. Normalise the CDF obtained with the measured radiated preamble power (EIRP) in the direction of maximum over the sphere. 
3. Evaluate the Random Access Reseponse (Msg2) reception in directions where the radiated preamble power is lower; in these directions the PL should be higher for corresponding beams. In the direction of the maximum radiated preamble power the UE should be able to receive Msg2 at a TBD dB lower SSB (or CSI-RS) transmission power than that required for reception of Msg2 in any direction for which the measured maximum radiated preamble power is more than TBD below the power in the direction of maximum direction. 
The spherical coverage requirement (percentile) is thus relative to the maximum radiatied power measured over the sphere to veify the omni-directinality of RACH. This could be subject to a minimum requirement on the absolute power in the direction of the maximum that is conservative not to limit the antenna design.
The evaluation of Msg2 reception can be made in a sparse grid; the actual SSB power can be varied for each test point until Msg3 is not received (the ReferenceSignalPower indicated to UE can still be constant for making sure that the PL calculation is unchanged and the preamble output power maintained). Note that the test points for Msg2 evaluation could be at a percentile lower than that required for the radiated preamble power. The procedure is illustrated in Figure 2.
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Figure 2: verification of BC during initial access (the measured EIRP pattern indicated by solid lines)
3 In the 38.101-2

The test would look like follows in the 38.101-2, the numbers are just for illustration,
Table 6.2.4-1: PUMAX,f,c tolerance

	Operating Band
	∆P (dB)
	Tolerance T(∆P)

(dB)

	n257, n258, n260, n261
	 P = 0 
	0

	
	0 < P ≤ 2
	[1.5]

	
	2 < P ≤ 3
	[2.0]

	
	3 < P ≤ 4
	[3.0]

	
	4 < P ≤ 5
	[4.0]

	
	5 < P ≤ 10
	[5.0]

	
	10 < P ≤ 15
	[7.0]

	
	15 < P ≤ X
	[8.0]

	NOTE:
X is the value such that Pumax,f,c lower bound,  PPowerclass - P – T(P) = minimum output power specified in subclause 6.3.1


6.2.5
Beam correspondence during intial access
UEs that support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam management.
During intial access the UE shall meet the spherical coverage requirement for PRACH transmissions specified in Table 6.2.5-1. The PRACH shall be configured such that the maximum preamble power is attained in each direction. The spherical coverage requirement is specified in terms of the a minimum preamble EIRP at the 50th percentile of the distribution of radiated power over the full sphere with power levels normalized to the radiated preamble power measured in the maximum direction subject to an additional requirement on the minimum absolute power in the direction of the maximum preamble EIRP. Furthermore, in the direction of maximum radiated preamble power, the UE shall be able to receive a Random Access Response (Msg2) at a TBD dB lower SSB (or CSI-RS) transmission power than that required for reception of Random Access Response in any direction for which the measured maximum radiated preamble power is more than TBD below the corresponding power in the direction of maximum. The Random Access Response reception is considered successful once a Msg3 is transmitted. 
Table 6.2.5-1: UE spherical coverage for PRACH transmissions (power class 3)
	Operating band
	Min relative EIRP at 50th percentile CDF 
[dB]
	Minimum absolute PRACH power in the direction of maximum

[dBm]

	n257
	[-10]
	[15]

	n258
	
	

	n260
	
	

	n261
	
	

	NOTE 1:
The PRACH shall be configured such that the maximum radiated preamble power is attained in each direction.
NOTE 2:





6.2A
Transmitter power for CA

4 Relation to the power control accuracy and impact of test tolerance
The open loop performance cannot be too lax and the closed loop performance should make sure that intial errors can be corrected, the test might not work otherwise. The PRACH should attain its maximum power after successive preamble transmissions with increasing power if not attained at once. The relation between beam correspondence and power control is discussed in [1]. 

Another issue is the large test tolerance. However, the proposed test for intitial access is not only relying on radiated power measurements like that proposed for connected mode, it also includes the receiver performance and a comparison beteen test points at a large relative difference (step 3 in the method described in Section 2). 
5 Proposal

It is proposed to specify a minimum requirement on beam correspondence during initial access using the verification method based on PRACH (preamble) transmissions and (Msg2) receptions as described in Section 2.
References
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A
PRACH power control (38.213)

7.4
Physical random access channel

A UE determines a transmission power for a physical random access channel (PRACH), 
[image: image4.wmf])

(

,

,

PRACH,

i

P

c

f

b

, on active UL BWP 
[image: image5.wmf]b

 of carrier 
[image: image6.wmf]f

 of serving cell 
[image: image7.wmf]c

 based on DL RS for serving cell 
[image: image8.wmf]c

 in transmission occasion 
[image: image9.wmf]i

 as 



[image: image10.wmf]{

}

c

f

b

f,c

c

f

c

f

b

PL

P

i

P

i

P

,

,

target,

PRACH,

,

,

CMAX

,

,

PRACH,

),

(

min

)

(

+

=

 [dBm],

where 
[image: image11.wmf])

(

CMAX,

i

P

f,c

 is the configured UE transmission power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for carrier 
[image: image12.wmf]f

 of serving cell 
[image: image13.wmf]c

 within transmission occasion 
[image: image14.wmf]i

, 
[image: image15.wmf]f,c

P

target,

PRACH,

 is the PRACH target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active UL BWP 
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 is a pathloss for the active UL BWP 
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 of carrier 
[image: image21.wmf]f

 based on the DL RS associated with the PRACH transmission on the active DL BWP of serving cell 
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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 
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 based on the SS/PBCH block associated with the PRACH transmission.

If a PRACH transmission from a UE is not in response to a detection of a PDCCH order by the UE, or is in response to a detection of a PDCCH order by the UE that triggers a contention based random access procedure, or is associated with a link recovery procedure where a corresponding index 
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 is associated with a SS/PBCH block, as described in Subclause 6, referenceSignalPower is provided by ss-PBCH-BlockPower. 

If a PRACH transmission from a UE is in response to a detection of a PDCCH order by the UE that triggers a non-contention based random access procedure and depending on the DL RS that the DM-RS of the PDCCH order is quasi-collocated with as described in Subclause 10.1, referenceSignalPower is provided by ss-PBCH-BlockPower or, if the UE is configured resources for a periodic CSI-RS reception or the PRACH transmission is associated with a link recovery procedure where a corresponding index 
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 is associated with a periodic CSI-RS configuration as described in Subclause 6, referenceSignalPower is obtained by ss-PBCH-BlockPower and powerControlOffsetSS where powerControlOffsetSS provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214]. If powerControlOffsetSS is not provided to the UE, the UE assumes an offset of 0 dB. If the active TCI state for the PDCCH that provides the PDCCH order includes two RS, the UE expects that one RS has QCL-TypeD properties and the UE uses the one RS when applying a value provided by powerControlOffsetSS.
If within a random access response window, as described in Subclause 8.2, the UE does not receive a random access response that contains a preamble identifier corresponding to the preamble sequence transmitted by the UE, the UE determines a transmission power for a subsequent PRACH transmission, if any, as described in [11, TS 38.321].

If prior to a PRACH retransmission, a UE changes the spatial domain transmission filter, Layer 1 notifies higher layers to suspend the power ramping counter as described in [11, TS 38.321].

If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Subclause 7.5, or due to power allocation in EN-DC operation as described in Subclause 7.6.1, the UE does not transmit a PRACH in a transmission occasion, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Subclause 7.5, or due to power allocation in EN-DC operation as described in Subclause 7.6.1, the UE transmits a PRACH with reduced power in a transmission occasion, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.

