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1 Background
Beam correspondence was further discussed in RAN4 #90 Bis in Xian [1], [2] rendering in the agreements below. Further studies are aiming to align simulation assumptions.
	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 [bookmark: _Ref4666338]Problem description
The problem is described in [3].
3 Simulation set-up
The simulation is done on the full phone model as described in [4] with glass cover according to the WF on simulation assumptions [5]. A fixed code book of 7 beams per panel from two panels (in total 14 beams) is used. The UE RX antenna is dual polarized and the signal from the two polarizations summarized. All phase shifters (including both polarization inputs) are separate and the phase shifter errors are modeled independently. The test system issues the reference signals in both polarizations (sequentially) and the strongest measurement is used as reference.
Simulation set-up:
· Full phone model with full display
· Glass cover and metal bezel
· Two antenna panels, back + back
· 1x4 linear patch arrays 
· 7 beams for each panel
· progressive phase shifter
· value = 0°, ±45°, ±90°, ±135°
In this study both precoder errors and RSRP errors are included according to the WF on simulation assumptions [5]:
· Error in RSRP estimation
· log-normal distribution μ= 0,   = 2 dB
· Independent, random error of each beam and each measurement
· UL beam selection based on RSRP measurements (i.e. selected DL beam used for UL)
· Errors in uplink pre-coder (beam former)
· Errors in both DL and UL precoders
· Error are independent for each antenna element (including polarization) in each measurement
· Phase shifters (normal distribution, μ= 0,  = 16°)
· Amplitude (normal distribution, μ= 0,   = 1 dB)
Simulation Results
[bookmark: _Ref536789369]Error in RSRP estimation on DL sync signal
The CDF of delta EIRP (i.e. difference between EIRP1 and EIRP2) is plotted in Figure 1. The CDF of delta EIRP is simulated with log-normal distributed error in RSRP estimation  = 2 corresponding to the relative SS-RSRP accuracy of ±6dB (normal condition) [6]. Since we believe the main source of the RSRP error is noise and interference it is very natural to model it with a Gaussian distribution. 
Simulation results for delta EIRP at 28 GHz
Precoder error used in the simulation (phase  = 16°, amplitude  = 2dB) includes implementation margin compared to commercially available phase shifters. Using this together with RSRP  = 2dB, our simulation (Figure 1) shows that the delta EIRP value is 2dB with 95% confidence interval. 
Aligning the analysis with the intra-band RSRP accuracy requirment in FR2 in [6] (i.e. using RSRP  = 2dB), and X = 85%-tile, we recommend delta EIRP = 3dB which then also includes 1dB extra implementation margin.

[bookmark: _Ref1131283]Proposal 1:	Y to be set to 3dB for n257, n258, n261.
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[bookmark: _Ref536715239]Figure 1. CDF of delta EIRP based on an UL based on error in RSRP estimation of DL signal at 28 GHz


Frequency bands

Simulation (Figure 2) shows that the delta EIPR at 39 GHz and at 28 GHz are very similar. Therefore, it is recommanded to set Y =3dB also for n261. 
[bookmark: _Ref4771181]Proposal 2:	Y to be set to 3dB for n260.
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[bookmark: _Ref5037463]Figure 2. CDF of delta EIRP at 39GHz.

Spherical coverage performance
In order to provide an indication on the network impact due to the EIRP tolerance, the spherical coverage of average EIRP tolerance (delta EIRP) equals to 3 dB and 7 dB at 85% has been plotted in Figure 3. From our simulation an average 3dB drop could be observed for the 50%-tile when EIRP tolerance (delta EIRP at 85%-tile) equals to 7 dB, and the difference will be even further enlarged if we looked at 20 or 10 %-tile value. This is an indication that, if the EIRP tolerance would be defined too high, the probability will increase dramatically that, such a UE (i.e. with 2-20 = 0) will fail to use beam correspondence and it may always need UL beam sweeping. 
[bookmark: _Ref7534481][bookmark: _Ref7703730]Observation 1: 	A relaxed requirement on delta EIRP will lead to a higher failure rate in beam correspondence. 
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[bookmark: _Ref7532290]Figure 3. the average EIRP spherical coverage with EIRP tolerance at 85%
Beam management and impact of impaired BC

RAN#82 decided that beam correspondence may be verified by an alternative test method for UE not compliant with the current requirement in terms of spherical coverage. This alternative involves use of beams management/selection based on SRS transmission/sweeping that is in fact an improvement of the beam correspondence test, but also allows a relaxation of the spherical coverage requirement with the implication shown above.

The discussion at RAN4#90bis suggested that beam management become a required feature in the network rather than an improvement of a RAN4 test case for UEs not compliant with the current requirement. Compliance with beam correspondence was therefore seen as less important and suggestions made that a beam correspondence test is not necessary. 

While beam management (UL BM) is possible, we note that the support of UL BM in the current specification is limited, only a limited functionality with SRS sweeping. Moreover, the signaling mechanisms for SRS-SRS spatial relations is heavy-weight for many desirable configurations (see e.g. [9])

When RAN4 visited RAN1 at RAN#89 the importance of beam correspondence was highlighted by RAN1, RACH performance given as a particular example. Much of the RAN1 design is based on beam correspondence, and network performance and “omni-directional” coverage will not benefit from further degraded spherical coverage performance. A test case with a low Y value required is therefore important for UEs not compliant with the current test.

[bookmark: _Ref7800324]Observation 2: 	The support of UL BM in the current specification is limited, only a limited functionality with SRS sweeping. The signaling mechanisms for SRS-SRS spatial relations is heavy-weight for many desirable configurations.
Conclusion
In this contribution we have discussed beam correspondence and specifically the remaining Y parameter. We have made the following observations and proposals:
Observation 1: 	A relaxed requirement on delta EIRP will lead to a higher failure rate in beam correspondence.
Observation 2: 	The support of UL BM in the current specification is limited, only a limited functionality with SRS sweeping. The signaling mechanisms for SRS-SRS spatial relations is heavy-weight for many desirable configurations.
Proposal 1:	Y to be set to 3dB for n257, n258, n261.
Proposal 2:	Y to be set to 3dB for n260.
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