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Background
Beam correspondence was discussed in RAN #82 in Sorrento and further discussed in RAN4 #90 in Athens
In RAN #82 it was decided in [1] that the UE shall set the capability signaling bit, whether Beam Correspondence (BC) is fulfilled without Up-Link (UL) beam sweeping, or UL beam sweeping is needed to meet the BC requirement. Moreover, it was decided, it is up to RAN4 to decide on [X] and [Y], where [Y] is the maximum value in the CDF of the delta between EIRP with and EIRP without UL beam sweeping. [X] is the percentile of the CDF of the delta where [Y] is obtained (please see [1] for details). In RAN4 #90 [X] and [Y] was discussed and there were a few proposals[4] [5][6][7][8][9]. A CR to TS 38.101-2 on the framework was decided and approved in RAN #83 [10]. Simulation assumptions for further simulations on [X] and [Y] was decided in [11] and a CR to TR 38.810 on BC test method was approved in [12].
This document further discusses remaining [X] and [Y] and is an update of [4].  
[bookmark: _Ref4666338]Problem description
There could be several reasons to why the UE is not able to estimate the UL beam based on DL measurements. One would be mismatch between pre-coders in the RX and TX paths respectively. This mismatch can be modeled in different ways. The WF on simulation assumptions in [11] gives some guidance: where the phase error and amplitude error are modeled with a gaussian distribution independently in each phase shifter in both RX and TX paths. Systematic errors in the phase shifters was discussed in [6], however, not covered by the WF on simulation assumptions [11].
Another reason for poor BC is a low precision in estimation on the DL beam RSRP. The ability for the UE to determine the correct beam direction (DL) will be based on the quality of the RSRP measurement of the DL synchronization signal (SSB or CSI-RS). This is illustrated in Figure 1 showing an example of an incorrect decision, made by the UE, of the “best” beam. In Figure 1 the “x” represents the correct measurement assuming no noise or interference. The “” represents the value determined by the UE including noise and/or interference. The best beam, in this example, is the red beam but due to incorrect measurement, the green beam determines the highest value. Consequently, the UE fails to choose the best beam.
The WF on simulation assumption [11] also here gives guidance how to simulate.
[image: ]
[bookmark: _Ref536538092]Figure 1. Illustration of an incorrect decision regarding beam direction made by the UE.

Simulation set-up
The simulation is done on the full phone model as described in [13] with glass cover according to the WF on simulation assumptions [11]. A fixed code book of 8 beams per panel from two panels (in total 16 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 
· 8 beams for each panel
· progressive phase shifter
· value = 0°, ±45°, ±90°, ±135°, 180°
In this study both precoder errors and RSRP errors are included according to the WF on simulation assumptions [11]:
· Error in RSRP estimation
· log-normal distribution μ= 0,   = 1 to 5 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,  = 10°)
· Amplitude (normal distribution, μ= 0,   = 1 dB)
How to derive CDF from the two sets of measurement results, i.e., EIRP(PolLink=) and EIRP(PolLink=)
Following three options were discussed in RAN4 #90 [3] for the method to derive CDF from the two sets of measurement results, i.e., EIRP(PolLink=) and EIRP(PolLink=) 
Option 1: EIRP CDF is derived based on data vector [1+2, 3+4] cross all testing points 
Option 2: EIRP CDF is derived based on data vector average (1+2, 3+4) cross all testing points
Option 3: EIRP CDF is derived based on data vector [maximum (1+2, 3+4)] cross all testing points   
Agreement: Option-3 is considered as the baseline for performance evaluation and test procedure. Other options are not precluded. Decision shall be made on April meeting. [3]
We propose to keep the baseline.
[bookmark: _Ref4774835]Proposal 1:	EIRP CDF is derived based on data vector [maximum (1+2, 3+4)] cross all testing points

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 3. The CDF of delta EIRP is simulated with log-normal distributed error in RSRP estimation  = 1 to 5dB.  = 2 corresponds to the relative SS-RSRP accuracy of ±6dB (normal condition) and  = 3dB corresponds to ±9dB (extreme conditions) respectively [14]. 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. The PDF of RSRP error for  = 2 and 3dB is plotted in Figure 2. 
[image: ]
[bookmark: _Ref4766370]Figure 2. PDF of RSRP error

The measurement accuracy of RSRP in the test chamber will depend on the SNR, together with the downlink reference signal design (SSB and CSI-RS). To guarantee a valid BC test, the test set-up may need to be specified, when it comes to DL power level, in a way   <2 or 3 dB is fulfilled. To conclude: the test setup could impact on the measurement accuracy of RSRP.
[bookmark: _Ref4774219]Observation 1:	The test setup could impact on the measurement accuracy of RSRP and need to be specified in a way a guaranteed level of SNR could be fulfilled at the center of the quiet zone.

Simulation resutls for delta EIRP at 28 GHz
The delta EIRP value changes very fast with CDF %-tile value for values larger than 95% and such values are thus not recommended for defining a requirement. On the other hand, for lower percentiles (≤ 85%-tile) the delta EIRP is small and thus also not practical. 
[bookmark: _Ref1122333]Observation 2:	The delta EIRP value changes very fast with CDF %-tile value for values larger than 95% and such values are thus not recommended for defining a requirement. 
[bookmark: _Ref1122379]Observation 3:	The delta EIRP value, when the CDF is 85% or smaller, tend to be very small, which may not be suitable for measurements. 
To set a significant CDF value of the delta EIRP, possible to measure, we propose X to be 90%-tile.
[bookmark: _Ref1131275]Proposal 2:	X to be set to 90%-tile.
Precoder error used in the simulation (phase  = 10°, amplitude  = 2dB) includes some implementation margin compared to commercially available phase shifters. Using this together with RSRP  = 3dB our simulation (Figure 3) shows that the delta EIRP value is 2dB. This is somewhat better compared to our previous contribution [4]. According to the proposed measurement procedure [12] a dual polarized RX antenna is used, and the reference signal is transmitted twice (in and  polarization) where the largest measurement is used. This will in fact act as averaging the errors. Moreover, it was decided that only the 50% best points shall be used [11] compared to our previous simulation where all points fulfilling spherical coverage were used. This (latter) fact is likely the explanation to the difference in the result in [4] compared to the current result.
Aligning the analysis with the intra-band RSRP accuracy requirment in FR2 in [14] (i.e. using RSRP  = 3dB), and our analysis above for X %-tile (i.e. X = 90%), we recommend delta EIRP = 2dB.

[bookmark: _Ref1131283]Proposal 3:	Y to be set to 2dB for n257, n258, n261.
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[bookmark: _Ref536715239]Figure 3. CDF of delta EIRP based on an UL based on error in RSRP estimation of DL signal at 28 GHz

Table 1. ΔEIRP with different level of RSRP estimation error at 28 GHz

	
	1 dB
	2 dB
	3 dB
	4dB
	5 dB

	ΔEIRP @ 95%
	1.0 dB
	2 dB 
	2.8 dB
	3.6 dB
	4.2 dB

	ΔEIRP @ 90% 
	0.6dB
	1.2 dB
	2 dB
	2.6 dB
	3.2dB

	ΔEIRP @ 85%
	0.3 dB
	0.8 dB
	1.3 dB
	2 dB
	2.5 dB

	ΔEIRP @ 80% 
	0 dB
	0 dB
	0.8 dB
	1.3 dB
	1.8 dB



Frequency bands

Simulation (Figure 4) shows that the delta EIPR at 39 GHz and at 28 GHz are very similar. Therefore, it is recommanded to set Y =2dB also for n261. 
[bookmark: _Ref4771181]Proposal 4:	Y to be set to 2dB for n260.
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[bookmark: _Ref5037463]Figure 4. CDF of delta EIRP at 28GHz and 39GHz (RSRP error  = 3dB).

The number of SRS resources
The number of SRS resources was discussed in RAN4 #90 and the WF [11] suggested it to be 4, 8 or 16. In Figure 5 the CDF of delta EIRP (EIRP1 – EIRP2) is plotted for different number of SRS. To be noted, for SRS=2 the UE has one more chance to select a good UL beam than the first corresponding beam. Even this sparse number of SRS works pretty well. For SRS numbers of 4 or larger, no significant difference can be seen. Of course, this analysis is based on a linear 4 element array as proposed in [11]. For other implementations (e.g. an 8-element array) it could look differently. Based on the WF [11] we propose:
[bookmark: _Ref4688036]Proposal 5:	The upper number of SRS-Resource (M) is 4.

[image: ]
[bookmark: _Ref536716916]Figure 5. CDF of delta EIRP for different number of SRS resources (RSRP error  = 3dB).
Conclusion
In this contribution we have discussed beam correspondence and X and Y parameters as discussed in “WF on simulation assumption for beam correspondence tolerance requirements” [11] from RAN4 #90. We have made the following observations and proposals:
Observation 1:	The test setup could impact on the measurement accuracy of RSRP and need to be specified in a way a guaranteed level of SNR could be fulfilled at the center of the quiet zone.
Observation 2:	The delta EIRP value changes very fast with CDF %-tile value for values larger than 95% and such values are thus not recommended for defining a requirement.
Observation 3:	The delta EIRP value, when the CDF is 85% or smaller, tend to be very small, which may not be suitable for measurements.
Observation 4:	The test setup will impact on the measurement accuracy of RSRP.

Proposal 1:	EIRP CDF is derived based on data vector [maximum (1+2, 3+4)] cross all testing points
Proposal 2:	X to be set to 90%-tile.
Proposal 3:	Y to be set to 2dB for n257, n258, n261.
Proposal 4:	Y to be set to 2dB for n260.
Proposal 5:	The upper number of SRS-Resource (M) is 4.
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