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1. Introducion
[bookmark: _GoBack]RAN4 has already defined test procedures for measuring beam correspondence (BC) with different capabilities [1]. The beam correspondence tolerance values also got agreed during the last meeting [2]. In this contribution, we focus on the achievable SNR range during beam correspondence test. We use the ‘IFF 100 MHz’ tab of [3] as a reference point and update some parameters to meet the requirements of beam correspondence in our calculations.
2. Discussion
2.1 Multiplexing of Reference Signal and Use of UE Beam in SNR Calculation

[1] mentions that “For the purpose of DUT refining TX beam with beam correspondence capability, the System Simulator shall assure the presence of downlink reference signals including both SSB and CSI-RS and Type D QCL shall be maintained between SSB and CSI-RS.” The achievable SNR during beam correspondence testing depends on how the TE multiplexes SSB and CSI-RS. Simultaneous transmission of SSB and CSI-RS reduces the achievable SNR during beam correspondence testing. Hence, TE should multiplex SSB and CSI-RS in time domain during beam correspondence testing to obtain higher SNR.
Observation 1: Simultaneous transmission of SSB and CSI-RS reduces the achievable SNR during beam correspondence testing
Proposal 1: During beam correspondence testing, TE multiplexes SSB and CSI-RS in time domain. 
The device under test refines its TX beam towards the direction of measurement during beam correspondence test. According to [1], “If  DUT’s beam correspondence capability is [bit-1], then DUT autonomously chooses the corresponding TX beam for PUSCH transmission using downlink reference signals to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping; if DUT’s beam correspondence capability is [bit-0], then DUT chooses the TX beam for PUSCH transmission which is based on beam correspondence with relying on both DL measurements on downlink reference signals and network-assisted uplink beam sweeping.” Hence, refined UE beam should be used to calculate achievable SNR range during beam correspondence test.
Observation 2: According to 38.810, the device under test refines its beam towards the direction of measurement during beam correspondence test.
· RAN4 assumes “fine” beams at the UE to calculate achievable SNR range during beam correspondence test.
2.2 Achievable SNR during SSB based Beam Correspondence Testing

We use n260 to calculate achievable SNR during 50 percentile scenarios in this contribution. n260 has the worst case 50 percentile SNR among the considered bands listed in [5]
The attached spread sheet shows the detailed calculations to derive the achievable SNR at n260 (single band) in the 50th %ile direction during SSB based BC testing. The calculation is based on 240 kHz SCS based SSB. The achievable SNR will be higher if the TE uses 120 kHz SCS to transmit SSB.
Observation 3: The achievable SNR at n260 (single-band) in the 50th %ile direction during SSB based beam correspondence testing is shown in table 1.
Table 1: Noc level and maximum achievable SNR in the 50th %ile direction with SSB bandwidth at n260
	
	Mode 1
	Mode 2

	Noc level (dBm/Hz)
	-142.5
	-168.5 (Noc is effectively suppressed)

	Maximum SNR (dB)
	8.5
	16



Table 1 shows that the achievable SNR is significantly lower in mode 1 (where NoC is injected) than that in mode 2 (where NoC is effectively suppressed). 3GPP should use mode 2 to maximize SNR during BC testing.
Proposal 2: 3GPP uses mode 2, i.e., does not inject any noise, during beam correspondence testing. 
The maximum applicable multi-band relaxation for power class 3 in n260 is 0.4 dB. Considering multi-band relaxation, the achievable SNR at n260 for 50% spherical coverage during SSB based beam correspondence testing is 15.6 dB. Further considering the impact of 6% TE EVM brings this number down to 15.06 dB.
Observation 4: Considering multi-band relaxation and 6% TE EVM, the achievable SNR at n260 in the 50th %ile direction during SSB based beam correspondence testing is 15.06 dB.

2.3 Achievable SNR during CSI-RS based Beam Correspondence Testing

Network can configure CSI-RS with different bandwidth, density (number of resource elements per PRB) and port combinations. RAN4 has already agreed to use 48 RBs and 3 RE/RB to derive the side conditions for CSI-RS based L1-RSRP [6]. We use these assumptions in the attached spread sheet.
In the spread sheet, we assume that the TE is transmitting CSI-RS with only one port, i.e., one CSI-RS is occupying 3 REs out of every PRB and is not FDMed with any other reference signal or data. Hence, the TE can allocate all of its power in the transmitted CSI-RS port and get a power boost of 6 dB. If TE uses multiple ports and occupies all REs within each PRB while transmitting CSI-RS, the results shown in the spread sheet will drop down by 6 dB.
Observation 5: The CSI-RS based L1-RSRP accuracy requirements assume a CSI-RS bandwidth of 48 PRBs and a density of 3 CSI-RS resources elements per PRB.
Observation 6: The achievable SNR at n260 (single-band) in the 50th %ile direction during CSI-RS based beam correspondence testing (one port transmission at a time and 3 REs/PRB) is shown in table 1.
Table 2: Noc level and maximum achievable SNR in the 50th %ile direction with CSI-RS bandwidth at n260
	
	Mode 1
	Mode 2

	Noc level (dBm/Hz)
	-142.5
	-168.5 (Noc is effectively suppressed)

	Maximum SNR (dB)
	14
	21.2



Similarly to the analysis of SSB based BC testing, multi-band relaxation and the presence of 6% TE EVM will bring down the achievable SNR during CSI-RS based BC testing to 19.23 dB. If TE transmits CSI-RS with multiple ports and occupies each RE of the PRB, the achievable SNR drops down to 14.35 dB.
Observation 7: Considering multi-band relaxation and 6% TE EVM, the achievable SNR at n260 in the 50th %ile direction during CSI-RS based beam correspondence testing is 19.23 dB.
· If TE transmits CSI-RS with multiple ports and occupies each RE of the PRB, the achievable SNR drops down to 14.35 dB.
We should consider the possible poorer sensitivity and spherical coverage of a band that could be introduced in the future while defining the SNR during BC test. It’s good to leave some margin between the agreed SNR and the ones that are derived based on the spread sheet. We propose to use 10 dB as the achievable SNR in the 50th %ile direction during BC testing.
Proposal 3: 3GPP uses 10 dB as the achievable SNR in the 50th %ile direction during beam correspondence testing.

3 Conclusion
Observation 1: Simultaneous transmission of SSB and CSI-RS reduces the achievable SNR during beam correspondence testing
Proposal 1: During beam correspondence testing, TE multiplexes SSB and CSI-RS in time domain.
Observation 2: According to 38.810, the device under test refines its beam towards the direction of measurement during beam correspondence test.
· RAN4 assumes “fine” beams at the UE to calculate achievable SNR range during beam correspondence test.
Observation 3: The achievable SNR at n260 (single-band) in the 50th %ile direction during SSB based beam correspondence testing is shown in table 1.
Table 1: Noc level and maximum achievable SNR in the 50th %ile direction with SSB bandwidth at n260
	
	Mode 1
	Mode 2

	Noc level (dBm/Hz)
	-142.5
	-168.5 (Noc is effectively suppressed)

	Maximum SNR (dB)
	8.5
	16



Proposal 2: 3GPP uses mode 2, i.e., does not inject any noise, during beam correspondence testing.
Observation 4: Considering multi-band relaxation and 6% TE EVM, the achievable SNR at n260 in the 50th %ile direction during SSB based beam correspondence testing is 15.06 dB.
Observation 5: The CSI-RS based L1-RSRP accuracy requirements assume a CSI-RS bandwidth of 48 PRBs and a density of 3 CSI-RS resources elements per PRB.
Observation 6: The achievable SNR at n260 (single-band) in the 50th %ile direction during CSI-RS based beam correspondence testing (one port transmission at a time and 3 REs/PRB) is shown in table 1.
Table 2: Noc level and maximum achievable SNR in the 50th %ile direction with CSI-RS bandwidth at n260
	
	Mode 1
	Mode 2

	Noc level (dBm/Hz)
	-142.5
	-168.5 (Noc is effectively suppressed)

	Maximum SNR (dB)
	14
	21.2



[bookmark: _Hlk16188555]Observation 7: Considering multi-band relaxation and 6% TE EVM, the achievable SNR at n260 in the 50th %ile direction during CSI-RS based beam correspondence testing is 19.23 dB.
· If TE transmits CSI-RS with multiple ports and occupies each RE of the PRB, the achievable SNR drops down to 14.35 dB.
Proposal 3: 3GPP uses 10 dB as the achievable SNR in the 50th %ile direction during beam correspondence testing.
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