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1. Introduction
In RAN4#91 meeting, the core requirement and test procedure of beam correspondence have been finalized and the only remained issue is that the side condition for SSB and CSI-RS are still left as TBD. The side condition of beam correspondence is expected to be fixed within Rel-15 scope otherwise the Rel-15 beam correspondence requirement and test procedure will be incomplete.
In this contribution, we provide our analysis on this topic and give our proposal on side condition of SSB and CSI-RS in beam correspondence.
2. Discussion

In simulation campaign of beam correspondence tolerance, the simulation parameters include phase error, amplitude error and RSRP error which have been captured in Table 7.8.4-1 of TR 38.817-01 [1]. Phase error and amplitude error are mainly determined by hardware implementation, but RSRP error has strong relationship with SNR of DL reference signals. RSRP error is caused by RSRP measurement accuracy which rely on SNR side condition. So the RSRP measurement accuracy determined by SNR side condition of SSB and CSI-RS should match with the RSRP error with ( = [1.5, 2] dB assumed in beam correspondence simulation.
Observation 1: the RSRP measurement accuracy determined by SNR side condition of SSB and CSI-RS should match with the RSRP error with ( = [1.5, 2] dB assumed in beam correspondence simulation.
In previous discussions, L3 RSRP measurement accuracy is mainly referred to when discussing RSRP error parameter for beam correspondence simulation. However, according to UE feature list specification TR 38.822 [2], the description of feature group 2-24 SSB/CSI-RS for beam measurement indicates that L1-RSRP measurement is configured to be measured rather than L3-RSRP. So, L1-RSRP measurement accuracy rather than L3-RSRP measurement accuracy should be referred to when deriving SNR side condition of SSB and CSI-RS for beam correspondence.

Observation 2: L1-RSRP measurement accuracy rather than L3-RSRP measurement accuracy should be referred to when deriving SNR side condition of SSB and CSI-RS for beam correspondence.
According to Table 10.1.20.1.2-1 and Table 10.1.20.2.2-1 of RRM specification TS 38.133 [3] with one of the tables reproduced below, L1-RSRP relative accuracy is (6.5dB under normal condition for both SSB based and CSI-RS based measurement under the side condition of DL RS SNR≥-3dB. It can be noted that the SNR side condition in RRM is defined at UE baseband rather than Reference Point as shown in NOTE 4 of the table, for the derivation of SNR side condition for beam correspondence, it can be supposed to follow the same principle.
Table 10.1.20.2.2-1 (of TS 38.133): CSI-RS based L1-RSRP relative accuracy in FR2
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	CSI-RS Ês/Iot
	Io Note 1 range

	
	
	
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	dBm / SCSCSI-RS
	dBm/BWChannel

	
	
	
	SCSCSI-RS = 60kHz
	SCSCSI-RS = 120kHz
	

	(6.5
	(9.5
	≥-3
	Same value as CSI-RS RP in Table B.2.4.2-2, according to UE Power class, operating band and angle of arrival
	-50

	NOTE 1:
Io specified at the Reference point, and assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter CSI-RS Ês/Iot is the minimum CSI-RS Ês/Iot of the pair of CSI-RS resources to which the requirement applies.

NOTE 3:
Values based on Refsens and EIS spherical coverage as defined in clauses 7.3.2 and 7.3.4 of TS 38.101-2 [19]. Applicable side condition selected depending on angle of arrival.

NOTE 4:
In the test cases, the CSI-RS Ês/Iot and related parameters may need to be adjusted to ensure Ês/Iot at UE baseband is above the value defined in this table.


Observation 3: the SNR side condition for beam correspondence shall be ensured at UE baseband.
The SSB/CSI-RS resources and side condition used for L1-RSRP reporting are the same as that used for CBD (Candidate Beam Detection). The SNR side condition for L1-RSRP relative accuracy is set to -3dB which is the same condition as CBD. With this consideration, we can assume the lower limit of SNR side condition for beam correspondence is -3dB. 

As to the upper limit of SNR side condition for beam correspondence, that depends on testability. In testability specification TR 38.810 [4], there is feasible SNR range calculator for Demod and RRM respectively. For feasible SNR range of RRM, two modes are offered, one is Mode 1 (SNR emulation), and the other is Mode 2 (noise-free transmission) as shown in the following:
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In current feasible SNR range calculator for RRM, it is calculated with Mode 1 (SNR emulation) with 100MHz BW. However, beam correspondence is RF requirement different from RRM. The peak EIRP and spherical coverage test for beam correspondence is obviously noise-free scenario. Moreover, beam correspondence test covers up to 400MHz BW. 
Table 2-1 shows the calculation of upper limit of SNR range at 400MHz BW in non-peak direction considering 1.8dB multi-band relaxation, including both Mode1 and Mode 2.
Table 2-1 upper limit of SNR range calculation (PC3, n260, 400MHz, non-peak)
	upper limit of SNR range (Mode 1)
	　

	REFSENS
	-76.7

	EIS Spherical Coverage
	-64.1

	X-value = EIS Spherical - REFSENS
	12.6

	REFSENS at reference point
	-62.3

	REFSENS (per Hz) at reference point
	-148.1

	UE Noise (per Hz) at reference point (virtual concept)
	-147.1

	Noc level (Non-Peak, Fine)
	-141.2

	Total Noise (per Hz) at RP (virtual)
	-140.2

	Target SNR at Baseband
	-11.5

	Wanted Signal (per Hz) at reference point
	-151.7

	SNR at reference point (Wanted signal/Noc)
	-10.5

	　
	　

	Noc level (per Hz) at Probe Ant. Input
	-84.2

	Wanted Signal (per Hz) at Probe Ant. Input
	-94.7

	SNR at Probe Ant. Input (Wanted signal/Noc)
	-10.5

	　
	　

	Noc level (per Hz) at TE amp. output
	-76.2

	Wanted Signal (per Hz) at TE amp. output
	-86.7

	SNR at TE amp. output (Wanted signal/Noc)
	-10.5

	Total Signal (Wanted Signal + Noc) + headroom
	22.97

	　
	　

	upper limit of SNR range (Mode 2)
	　

	Wanted signal (per Hz) at TE amp. Output
	-75.8

	Wanted signal (per Hz) at Probe Ant. Input
	-83.8

	Wanted signal (per Hz) at reference point
	-140.8

	Resultant SNR at Baseband
	6.3


In Table 2-1, to guarantee “Total Signal (Wanted Signal + Noc) + headroom” ≤23dBm, the upper limit of “Target SNR at Baseband” is -11.5dB for Mode 1(SNR emulation). SNR≤-11.5dB is too worse to be used for beam correspondence test which is performed in NR connected status. So Mode 1 (SNR emulation) is not applicable for beam correspondence. For Mode 2 (noise-free transmission), the calculated upper limit of SNR is 6.3dB at baseband considering 1.8dB multi-band relaxation. Table 2-2 lists the calculated upper limit of feasible SNR range for beam correspondence with Mode 2 (noise-free) under different channel bandwidth. Test system should have capability to test UEs which supports multi-band and 400MHz BW, and the SNR side condition for beam correspondence should also be compatible for UEs which supports multi-band and 400MHz BW, so the upper limit of SNR range for beam correspondence should be considered as 6.3dB.
Table 2-1 upper limit of feasible SNR range for beam correspondence (DFF method)
	SNR (PC3, n260, non-peak, fine, noise-free)
	100MHz BW
	200MHz BW
	400MHz BW

	No multi-band relax
	14.1 dB
	11.1 dB
	8.1 dB

	1.8dB multi-band relax
	12.3 dB
	9.3 dB
	6.3 dB


Observation 4: the SNR side condition of beam correspondence shall be guaranteed with Mode 2 (noise-free transmission), and the SNR side condition of beam correspondence shall be located in the range of [-3, 6.3] dB.
To determine the exact SNR side condition value for beam correspondence from the range [-3, 6.3] dB, we need look into the L1-RSRP relative accuracy for beam correspondence compared with L1-RSRP relative accuracy for RRM.
In RRM specification L1-RSRP relative accuracy is up to 6.5dB. In fact, the baseband accuracy is only 1.5dB based on simulation and the main contributor is RF margin which is taken as 4dB for FR2, as shown in the WF on L1-RSRP accuracy requirements R4-1904820 [5] which is also reproduced in the following.
[image: image2.png]* Relative accuracy requirements
* Considering fading condition (+1.0dB), RF margin for FR2 (+4.0dB)
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CSI-RS based relative L1-RSRP [+/-6.5]dB [+/-9.5]dB





From above we can see that the L1-RSRP relative accuracy derived in RRM specification in normal condition under SNR=-3dB is as following:
6.5dB = 1.5dB (baseband simulation) + 1.0dB (fading) + 4dB (RF margin)

L1-RSRP relative accuracy contributed by baseband can be reduced with increasing SNR. However, RF margin is the RF implementation imperfections including calibration error which could not be reduced with increasing SNR. Even assuming SNR side condition for beam correspondence is very high up to 30dB, the L1-RSRP relative accuracy is still higher than 4dB (95% confidence level), i.e., ( > 2dB which is still higher than the RSRP error assumption ( = [1.5, 2] dB in beam correspondence simulation. Obviously, 4dB RF margin is not applicable for beam correspondence.
The point is, the RSRP error estimation in beam correspondence is different from the general RSRP accuracy estimated in RRM specification. For example, the RSRP difference contributed by different RX beams is considered as error information for RSRP accuracy in RRM but useful information for beam correspondence. In the paper R4-1905694 [6], there are detailed analysis on difference between the general RSRP error estimate in TS38.133, and the RSRP error as it contributes to BC degradation: “since BC performance centres around a UE’s ability to rank its DL beams, we are only concerned with RSRP error contributors that can change from beam to beam”:

[image: image3]
So the RF margin for beam correspondence can be assumed as 1dB instead of 4dB for general RRM case, and the L1-RSRP relative accuracy for beam correspondence under SNR=-3dB can be calculated as following:
· Considering Fading: L1-RSRP relative accuracy=1.5+1+1=3.5dB (95% confidence level), i.e. ( = 1.75dB;
· Not considering Fading: L1-RSRP relative accuracy=1.5+0+1=2.5dB (95% confidence level), i.e. ( = 1.25dB
It can be concluded that the L1-RSRP relative accuracy for beam correspondence under SNR=-3dB is in the range of ( = [1.25, 1.75] dB, which almost matches to the RSRP error ( = [1.5, 2] dB assumption in beam correspondence simulation. 

Consequently, SNR≥-3dB can also be a candidate side condition for beam correspondence. However, SNR=-3dB is even worse condition than the REFSENS condition; moreover, SNR=-3dB is also the side condition of CBD (Candidate Beam Detection) as mentioned previously. To avoid these unstable aspects under NR connected status, it is proposed to add 2dB margin, i.e. SNR≥-1dB at UE baseband can be set as side condition for beam correspondence.
Proposal 1: SNR≥-1dB at UE baseband is proposed to be set as the side condition for SSB and CSI-RS for beam correspondence
To set SNR≥-1dB at UE baseband as side condition for beam correspondence, it can not only guarantee the stability of NR connected status, but also provide an easy way to judge whether SNR side condition is fulfilled during test, i.e., checking if the data throughput is not less than 95% of theoretical throughput with the precondition that power level of SSB and CSI-RS are the same as that of PDSCH.
Observation 5: By setting SNR≥-1dB at UE baseband as side condition for beam correspondence, it can not only guarantee the test stability, but also can easily check if SNR side condition is fulfilled during test with the precondition that power level of SSB and CSI-RS are the same as that of PDSCH.
3. Conclusion
Observation 1: the RSRP measurement accuracy determined by SNR side condition of SSB and CSI-RS should match with the RSRP error with ( = [1.5, 2] dB assumed in beam correspondence simulation.

Observation 2: L1-RSRP measurement accuracy rather than L3-RSRP measurement accuracy should be referred to when deriving SNR side condition of SSB and CSI-RS for beam correspondence.
Observation 3: the SNR side condition for beam correspondence shall be ensured at UE baseband.
Observation 4: the SNR side condition of beam correspondence shall be guaranteed with Mode 2 (noise-free transmission), and the SNR side condition of beam correspondence shall be located in the range of [-3, 6.3] dB.
Proposal 1: SNR≥-1dB at UE baseband is proposed to be set as the side condition for SSB and CSI-RS for beam correspondence

Observation 5: By setting SNR≥-1dB at UE baseband as side condition for beam correspondence, it can not only guarantee the test stability, but also can easily check if SNR side condition is fulfilled during test
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The following Modes for useful signals (S) and noise signals (N) configuration have been identified and can be supported by the NR RRM Test Methods:


-	Mode 1 (SNR emulation): Test system transmits useful signals (S) and noise signals (N) to emulate target SNR condition.


-	Mode 2 (noise-free transmission): Test system transmits only useful signals (S).





We list some of the factors that contribute to a general RSRP error estimation, but do not contribute to BC-RSRP error:


OTA uncertainty – these factors do not change beam to beam. 


hardware production variation – for beam-to-beam differences, the RF chain is considered unchanged, except for AGC related configuration changes. This limitation also eliminates gain changes across a supported band as a contributor to BC-RSRP error


Antenna panel to panel variation - There are link angles for which the UE must choose between different panels. Our analysis shows that these ‘boundary’ directions represent points that much lower than the 50th%ile point, so this uncertainty does not contribute to BC-RSRP error


NTC conditions- Being a spherical coverage test, BC would only be verified at NTC. 


Under these special conditions, where environmental conditions are limited to NTC, the RF chain is unchanged, and array phase errors are neglected (these are considered separately), we are only left with calibration linearity error in the Rx chain. We estimate that this cal linearity error fits inside a +/-1dB window for a variety of implementations.
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