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1 Existing Agreements
	Agreement in 1st round Ad-Hoc: 

RAN4 adopt X%-tile and YdB BC tolerance requirement for PC3 UE with: 
· X = {80, 90};
· Y: FFS.
     For Rel-15, value of M:
· M = 8 (as default value)
· FFS how to give UE vendor flexibility considering different UE vendors’ implementation. 
Discussion after evening ad-hoc: 

On value of M:

Further agreement: 



- Use M=8 for the RAN4 test case design and minimum requirements for PC3 UE. 

On test condition 


- Agree to set the normal temperature as test condition 

Agreement: 

X = 85% Y = [2dB, 7dB] 

Companies will further discuss the value of Y until May meeting. 

The decision on value of Y will be made in May meeting. 


2 Discussion on Simulation Assumptions
1. How to proceed?

Intel: Even with more simulation, doubt how companies can convince others. Still believe: with X =85% fixed, Y is not that important to operators as long as operator enable SRS beam sweeping. Anyway, EIRP requirements can be met. On next meeting, need input from NW side to see how Y values have impact on system performance. 


Ericsson: In joint-RAN1/4 ad-hoc, BC feature is important to system performance. Big value of Y means nothing for autonomous BC. 


Intel: bit-0 UE doesn’t means there is no BC feature, but just need SRS beam sweeping. To E///, if SRS beam sweeping is not enable, and UE is allowed to report bit-0 for BC, how the system works. 


Ericsson: Specifying Y=7dB means the mechanism designed in RAN plenary #82 doesn’t work. 


Apple: NW should not be assumed to ignore bit-0 UE’s capability signaling.


Intel: We agreed SRS=8 is introduced, the overhead is there, and the value of Y becomes irrelevant. From UE side, we assume it is UE capability. 


Ericsson: NW don’t ignore UE’s capability, but NW has the flexibility to enable or disable SRS beam sweeping in particular area, e.g., good coverage area. 


Intel: Question the technical feasibility. Based on current assumption, the condition already reflect cell site condition with good SNR. 

Verizon/Nokia: Have strong concern on 7dB Y value. 


Intel: even with new simulation assumptions, it is still hard for company to converge in one single meeting to conclude. Still want to know 2dB and 7dB’s difference if SRS is enabled for bit-0 UE. 


Sony: It reflects the degradation.    


Ericsson: It is part of the deal as a package. 

QC: how the values can impact the CDF curves. 


Sony: our previous paper have analysis. 

Intel: If EIRP1 is a bit worse then requirement, so NW enable SRS to this UE, the UE can achieve better requirement even compared with bit-1 UE. However, this UE may fail the test of delta EIRP. 

Ericsson: Another example, for initial access, beam correspondence is important, in which SRS is not enabled.


Sony: SRS beam sweeping can be enable for various scenarios as indicated in our paper. Concern on the mechanism with delta_EIRP by RAN. 

Samsung: prefer to see simulation assumption again. Also for model-1 or model-2, how to align? Another point is how to choose delta_EIRP from multiple CDF curves. 


Sony: support Samsung for this. 


Chair: converge to Model-1?


Intel: Can’t mandate every company to use 1x4 for example. Don’t have good model for single element phase/amplitude error and also the correlation between each other.  


Sony: without element model, how you derive the beam pattern to be used in Model-2.

2. DL SNR condition (related to RSRP error): 

3. Error in RSRP estimation (current assumption sigma = 2): 

	Technical arguments used in QC’s R4-1904555: 

· OTA uncertainty not a factor – need only beam-to-beam difference

· Only a fraction of available beams needs to be considered in the RSRP error estimate – the beams involved are limited to the ones the UE plans to employ for best EIRP performance

· DL SNR not a contributor – There is consensus in RAN4 that the UE must not be starved for DL power during BC verification

· Antenna panel to panel variation not a factor- This term is relevant only to UEs that use multiple antenna panels. There are link angles for which the UE must choose between different panels despite uncertainty associated with panel to panel variation. Our analysis shows that these ‘boundary’ directions represent points that much lower than the 50th%ile point, so this uncertainty does not contribute to RSRP during BC

· Gain variation across the band, and over temperature – BC is defined only for single CC case, which means that UL and DL beams are at the same frequency. Any gain variation across frequency in analog chains does not contribute to RSRP uncertainty. Temperature changes are expected to affect RSRP estimates across all beams similarly


Apple: considering NTC agreed, we have contribution with analysis to have 1.5dB sigma for RSRP for future assumption. 
Sony: Also agree with 1.5dB for future study. 

Intel/Huawei: would like a range with [1.5, 2] dB

LGE: prefer 2dB

QC: encourage companies to have more study. 
4. Phase Error per Element (current assumption sigma = [0-30degree])

	Technical argument used in QC’s R4-1904555: 

For this parameter it is useful to revisit the physics of an array, and the nominal phase settings needed for a typical PC3 UE operation. We studied a simplified (idealized) 4x1 array. In this example we chose 7 uniformly-distributed beams to span a beam peak sweep of +/-45degrees from bore sight. Figure 2.1.2-1 shows the beam patterns of the beams in our example implementation, and the element to element phase progression to achieve the desired beam steering range.

[image: image1.png]Example Beams from 4x1 Array

5
X:40 L N
10 G X:1.272e-14
- Y:12.04

5

o

5
410
45
20

00 80 60 40 20 0 20 40
Offset from boresight (deg)

100



[image: image2.png]Phase shift (deg)

Inter-Element Phase Shift

150

100

50

100

150

2 0 0 1 20
Beam Off-boresight angle (deg)

EY

40

50




Figure 2.1.2-1: Example implementation of swept beams in a 4x1 array.

The beam scan angle is determined by element-to-element phase progression. The required phase progression is smallest for the least canted beams on either side of the boresight beam – in this case it is about 45degrees of electrical phase for the beam direction to change 15 degrees of spatial angle. In our opinion it does not make sense to consider phase shifter errors that are comparable to the phase shifter setting change required for beam angle change, in a code-book based scheme. 
Technical arguments used in Samsung’s R4-1903358
Proposal 1: The upper limit of phase differential error between antenna elements corresponding to 95% confidence level shall be no more than 45(corresponding to 
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Proposal 2: The standard deviation of phase error per antenna element shall be no more than 16(.




Sony: if we have more study, company should provide the justification for phase error assumption they choose.  
Intel: if we use Model-1, we need to considering antenna coupling. 

Huawei: 16degree or 20degree can be considered as sigma for next meeting’s analysis using Model-1. Confidence level (how to choose delta_EIRP from multiple delta_EIRP curves), 95% can be used. How to align between Model-1 and Model-2 with an assumption of penal element dimension (e.g., 2x2). 

Intel: hard to align since just one meeting left. 

5. Amplitude Error per Element (current assumption sigma = [0-2dB])

	Technical argument used in QC’s R4-1904555: 

Beam forming relies on spatial combining of fields from several radiating elements. Gain variation from element to element (includes LNA/PA gains, routing length differences, etc) can distort the beam. These effects are static however, they do not change from instant to instant, like say phase shifter error. This mechanism can be combated by characterization or other real-time strategies. In case it cannot, we recognize that uncertainty is limited to that of the gain on the PA/LNA connected to the antennas in the array. It is a reasonable expectation that these devices co-habit the same IC, and as such they expected to be limited only by the ability of the technology used. Modern processes will allow gain variation of similar parts in the same IC to be limited to a normally distributed window of +/1.5dB (this may be a generous allowance).


3 Appendix-1: Contribution list
	TDoc
	Title
	Source
	Type
	For
	Agenda item
	TDoc Status

	R4-1902923
	on beam correspondence tolerance requirements
	Intel Corporation
	other
	Approval
	6.5.11.7.2
	available

	R4-1903025
	Beam correspondence for tolerance based requirement with UE beam sweeping 
	LG Electronics France
	other
	Approval
	6.5.11.7.2
	available

	R4-1903044
	On beam correspondence EIRP2 test procedure and SRS resources
	Fraunhofer HHI, Fraunhofer IIS
	discussion
	Discussion
	6.5.11.7.1
	available

	R4-1903071
	Views on beam correspondence core requirement definition
	Apple Inc.
	discussion
	Discussion
	6.5.11.7.2
	available

	R4-1903358
	Beam correspondence tolerance requirement based on simulation
	Samsung
	discussion
	Approval
	6.5.11.7.2
	available

	R4-1903359
	Draft CR to TR38.810 on beam correspondence tolerance and spherical coverage test procedure update
	Samsung
	draftCR
	Endorsement
	6.5.11.7.1
	available

	R4-1904237
	Beam Correspondence, remaining X and Y
	Sony, Ericsson
	other
	Approval
	6.5.11.7.2
	available

	R4-1904266
	Beam Correspondence Rel-16, DL reference signal
	Sony
	other
	Approval
	6.5.11.7
	available

	R4-1904469
	On beam correspondence
	Huawei, HiSilicon
	other
	Approval
	6.5.11.7
	available

	R4-1904555
	FR2 Beam Pointing Parameter Error Limits
	Qualcomm Incorporated
	other
	Approval
	6.5.11.7.2
	available


4 Appendix-2: Assumptions from WF (R4-1902684)
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