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1 DL SNR for rel. 15 BC test
1.1 Contribution list
	TDoc
	Title
	Source
	Agenda item
	SNR proposal

	R4-1908016
	SNR conditions for beam correspondence
	Apple Inc.
	7.5.8.2
	>= 6.4dB

	R4-1908079
	Discussion on side condition of beam correspondence
	Samsung
	7.5.8.2
	>= -1.0dB

	R4-1908246
	Side conditions on beam correspondence test
	Intel Corporation
	7.5.8.2
	>= 8.0dB

	R4-1909105
	On beam correspondence side condition
	Huawei, HiSilicon
	7.5.8.2
	>= 5.0dB

	R4-1909219
	Beam Correspondence, SNR versus RSRP
	Sony, Ericsson
	9.13.2
	(Also depends on number of RBs)

	R4-1909962
	Achievable SNR during beam correspondence testing
	Qualcomm
	11.1.2
	>= 10.0dB 


1.2 Supporting draft CR list (for reference)
	TDoc
	Title
	Source
	Agenda item
	Discussion Paper

	R4-1908017
	dCR to 38.101-2 on SNR conditions for beam correspondence
	Apple Inc.
	7.5.8.2
	R4-1908016

	R4-1908081
	draft CR to TS 38.101-2 on side condition of beam correspondence
	Samsung
	7.5.8.2
	R4-1908079

	R4-1908083
	draft CR to TR 38.810 on side condition of beam correspondence
	Samsung
	11.1.2
	R4-1908079


1.3 Summary of DL SNR contributions 
R4-1908016
SNR conditions for beam correspondence






  CR-  rev  Cat:  (Rel-15) v





Source: Apple Inc.

Abstract: 

Observation 1:
The maximum DL SNR that can be delivered by the test equipment for the beam correspondence tolerance verification is 19.4 dB.

Observation 2:
The SNR conditions for the definition of the beam correspondence tolerance requirement are in the range of -6.0 dB to 19.4 dB.

Observation 3:
Assuming that the maximum DL SNR provided by the test equipment is available to the UE at beam peak direction, the minimum DL SNR over the subset of link angles used in the beam correspondence tolerance definition is 19.4 dB – 13.0 dB = 6.4 dB.

Proposal 1:
Assume a range of values for the absolute and relative RSRP accuracy to be ± [3.0, 2.0] dB for the purpose of beam correspondence tolerance derivation to be further confirmed based on analysis.  In the absence of such analysis, RSRP accuracy of ± 3.0 dB is assumed.

Proposal 2:
Select Alternative 2 and capture the applicability of side conditions on DL SNR as the minimum SNR value from the UE BB perspective (i.e. 6.4 dB).

R4-1908079
Discussion on side condition of beam correspondence
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Source: Samsung

Abstract: 

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

R4-1908246
Side conditions on beam correspondence test
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Source: Intel Corporation

Abstract: 

Observation 1: The values of RSRP estimation error used by companies that provided simulation result of Y were [image: image2.png]


 = 1.5dB and [image: image4.png]


 = 2dB. 

Observation 2: Based on RF margin = 4dB in determining L1-RSRP accuracy under normal condition, It is reasonable to use [image: image6.png]ORF RSRP



 = 2dB, and there is no room to set any non-zero value for [image: image8.png]OBB RSRP



.

Proposal 1: CSI-RS with PRB=48 and D=3 is considered in beam correspondence test along with SSB, at 50%-tile spherical coverage grid points, the required SNR >= 8.0dB for both signals, the required minimum EIRP at UE is -66.6dBm for band n257, n258 and n261, and -62.3dBm for band n261 respectively.

Proposal 2: SSB and CSI-RS should have the following configurations:

1) Both SSB and CSI-RS use 120 KHz subcarrier spacing.

2) SSB burst periodicity initially should be set to 20ms for UE to do initial cell search and acquisition. After UE enters RRC connected-mode, the periodicity can be changed to 10ms or 5ms to reduce the overall testing time.

3) Between any two consecutive SSB bursts, one slot is configured with CSI-RS resource with repetition = 8. All CSI-RS slots should have the same spatial relationship (QCL type D) associated with the index of strongest SSB beam (relative to UE).

4) For each link direction (grid point), two SSB bursts and their following CSI-RS slots are provided. During this time, there is no UE rotation.

5) The SSB and CSI-RS pattern should keep running without interruption during entire BC test.

6) UE rotation should be done progressively from one test grid point to its adjacent test grid point. 

R4-1909105
On beam correspondence side condition
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Source: Huawei, HiSilicon

Abstract: 

Observation 1: Beam correspondence requirement only applies for the fine beam.

Proposal 1: Beam correspondence requirement is only verified for the fine beam.

Proposal 2: RSRP measurement error is assumed normally distributed with (=2dB which is aligned with simulation assumption.

Proposal 3: RAN4 define the side condition for beam correspondence RF requirement with SNR≥ 5dB.
Proposal 4: The SRS and CSI-RS configuration for Beam correspondence RMC shall be added in TS 38.101-2.

R4-1909219
Beam Correspondence, SNR versus RSRP
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Source: Sony, Ericsson

Abstract: 

Observation 1
The RSRP estimation accuracy is impacted by both SNR and the number of resource elements.

Proposal 1
For BC test, RAN4 shall discuss the number of reference REs in conjunction with SNR.
R4-1909962
Achievable SNR during beam correspondence testing
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Source: Qualcomm

Abstract: 

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


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.

1.4 Discussion of DL SNR contributions 
Discussion: 

MTK: Agree with Sony, For BC test, RAN4 shall discuss the number of reference REs in conjunction with SNR.
R&S: We should target DL PSD (power per SC) rather than DL SNR. We should consider sensitivity at spherical coverage point in derivation of DL PSD
Intel: Different companies define SNR differently, are we discussing SNR @ 50th%ile

Apple: Yes, we consider SNR as experienced at 50th%ile is the minimum

LG: Does this side condition apply for both with and without UL sweeping?


Qualcomm: DL SNR should apply for all DL signals, including those required for UL beam sweeping


Intel: agree, should be for both type 1 and type 2 UEs

Huawei:  different companies have different SNR – need to figure out correct SNR range

	TDoc
	Title
	Source
	Agenda item
	SNR proposal

	R4-1908016
	SNR conditions for beam correspondence
	Apple Inc.
	7.5.8.2
	>= 6.4dB

	R4-1908079
	Discussion on side condition of beam correspondence
	Samsung
	7.5.8.2
	>= -1.0dB

	R4-1908246
	Side conditions on beam correspondence test
	Intel Corporation
	7.5.8.2
	>= 8.0dB

	R4-1909105
	On beam correspondence side condition
	Huawei, HiSilicon
	7.5.8.2
	>= 5.0dB

	R4-1909219
	Beam Correspondence, SNR versus RSRP
	Sony, Ericsson
	9.13.2
	(Also depends on number of RBs)

	R4-1909962
	Achievable SNR during beam correspondence testing
	Qualcomm
	11.1.2
	>= 10.0dB 


Samsung: Low SNR motivated by need to match RSRP error to sim assumptions. -1dB should be satisfied at spherical coverage point.
Intel: proposed SNR matches our RSRP error.

Sony: Perhaps better to align on ref signal config.


Intel: Agree

Agreement: 
For BC test condition:

SSB: 20RB, 120kSCS, 20ms periodicity
CSI-RS: 48PRB, D=3, 120kSCS, CSI-RS 8 symbols/slot, repetition on, 2 slots per test point, QCL type-D with SSB, periodicity 20ms
Huawei: if channel BW larger than CSI-RS, can we just choose CSIRS size same as NRB, with density =3

Samsung: Doable, but if we have to use different BWs, there are many possibilities. Prefer to lock down one config. Do we test all BW?

Qualcomm: Prefer to limit to single config.

Intel: Agree with Intel, Samsung.

HW: what about channel BW?

LG: how can you fit CSIRS to 50M?


Samsung: Yes, 48PRB CSIRS means 50M cannot be tested. 

Qualcomm: what about 24 PRB? Should be ok with AWGN

Fraunhofer: CSIRS PRB should scale with channel BW.

Intel: testing will become more complicated.

Huawei: We want as many CSIRS PRBs as there are RBs in channel
Nokia: Is proposed CSIRS periodicity same as SSB? How long to achieve BC


Intel: Same as L1-RSRP measurement delay requirement

Intel: Can restrict chan BW for test, to accommodate other companies’ view on CSIRS PRBs

Chair: Let us try to converge on DL SNR

Agreement: 
For BC test condition:

SNR  for DL reference signals shall be >= 6.0 dB for all grid points that satisfy spherical coverage requirement. 

Samsung: we will translate SNR to DL PSD based on sensitivity in standard
Intel: we assumed RSRP for all Rx candidate beams have a certain SNR. 

Qualcomm: UE cannot expect good SNR when it looks away from AoA

Intel: Only Huawei has concern with CSIRS PRB =48, D=3, why don’t we pursue?
2 Other BC Contributions

2.1 Contribution list
	TDoc
	Title
	Source
	Agenda item
	Notes

	R4-1908158
	dCR to 38.101-2: FR2 Beam Correspondence requirements completion
	Qualcomm Incorporated
	7.5.8.2
	Introduce BC specifications for PC1/2/4

	R4-1909114
	Draft CR for 38.101-2 draft CR on side condition for BC
	Huawei, HiSilicon
	7.5.8.2
	Specify SNR as DL PSD requirement for rel. 15 BC test

	R4-1909115
	Draft CR for 38.101-2 reference measurement channel for beam correspondence
	Huawei, HiSilicon
	7.5.8.2
	Introduce CSIRS and SRS configurations as RMCs for BC


2.2 Discussion of other BC contributions 

R4-1908158
dCR to 38.101-2: FR2 Beam Correspondence requirements completion





38.101-2
  CR-  rev  Cat:  (Rel-15) v15.6.0





Source: Qualcomm Incorporated

Abstract: 
Introduce BC specifications for PC1/2/4
Discussion: 

Intel: We need to check.
LG: rel 15 did not have enough time, focused on PC3 in rel 15. Pc1/2/4 will not have requirements for BC in rel 15.

Qualcomm: We disagree with LG. All PC must have a BC requirement.

Samsung: PC1/2/4 BC will be included but voided. From R4-1902256:


[image: image9]
R4-1909114
Draft CR for 38.101-2 draft CR on side condition for BC
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Source: Huawei, HiSilicon

Abstract: 

Specify SNR as DL PSD requirement for rel. 15 BC test.
Discussion: (Not pursued)
R4-1909115
Draft CR for 38.101-2 reference measurement channel for beam correspondence
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Source: Huawei, HiSilicon

Abstract: 
Introduce CSIRS and SRS configurations as RMCs for BC
Discussion: 

Qualcomm: Support idea, details TBD
Samsung: We need to check  - RAN5 has already defined SRS config. 
VZW: If it helps RAN5, we support this idea.
3 Any other BC business

Discussion: (Not pursued)
4 Chairman Summary:

Participants: LG, Samsung, Apple, Nokia, Verizon, Sony, Fraunhofer, Intel, Huawei, R+S(*), MediaTek(*)
(*) – Company input collected prior to AHM, in offlines.
Agreement: 
For BC test condition:

SSB: 20RB, 120kSCS, 20ms periodicity
Other Discussion on DL ref signal: 

CSIRS configuration for BC test condition could not be agreed.:

· Most companies’ views were aligned that a single CSIRS configuration must be defined for all channel BWs.

· One company wanted CSIRS PRB to equal NRB of channel being tested (see Huawei comments)

· As a compromise one company suggest spreading the CSI-RS REs over a wider bandwidth for wide channels, by reducing D  (see Fraunhofer comments)
· There was concern that the configuration proposed by some companies (PRB=48, D=3) would not fit inside 50M, which is a concern with 120k SCS (NRB=32)
· One company proposed 24RB CSIRS, D=3 as a compromise (see Qualcomm comments)

Agreement: 
For BC test condition:

SNR for DL reference signals shall be >= 6.0 dB for all grid points that satisfy spherical coverage requirement. 
Other Discussion: 

· Common Understanding: For RAN4 requirement, DL SNR condition for BC test would be translated to DL PSD at UE under test in QZ
PC1/2/4 BC Requirements:

· There is previous agreement that there will be no requirement in rel. 15 if there was no conclusion by June 2019 (void sections)
Beam Correspondence requirement for power classes other than PC3


Option-1: Keep the section of beam correspondence for PC1/2/4, but void content in Rel-15 scope;


Option-2: Similar beam correspondence core requirement defined for PC1/2/4 as PC3, but different X and Y values for different PCs respectively


Option-3: Capture aspects of the current agreement on beam correspondence which apply to all power classes as the general requirement and identify open issues related to PC1/2/4 for further effort 


Discussion


SEI: What option 1 means


	Chair: No requirements defined for PC1/2/4 in Rel-15. 


Samsung: PC1/2/4 has different spherical coverage requirements. It requires much more works to derive the BC tolerance requirements for other PC1/2/4


Verizon: We agree that we need to fianlize the BC tolerance by June.  


Agreements


BC requirements for PC3 will be defined in Rel-15 by June 2019. Companies are encouraged to check the feasibility of defining BC tolerance requirements for PC1/2/4 by June 2019 in the next meeting. If RAN4 conclude it is not feasible or no conclusion by June 2019, option 1 will be used. 
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