3GPP TSG-RAN WG4 Meeting #90						R4-1901315 
Athens, Greece, 25 February - 1 March 2019	

Source:	Sony, Ericsson
Title:	Beam Correspondence, remaining X and Y
Agenda item:	6.7.8.3.2
Document for:	Approval
Background
Beam correspondence was discussed in RAN #82 in Sorrento. It was decided in [1] (also showed below) 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 this document remaining [X] and [Y] will be discussed. 
Proposal

· Clarify in TS 38.306 that beam correspondence (UE feature 2-20) is applicable only for FR2
· Beam correspondence is mandatory with the capability signaling definition as below (UE feature 2-20) 
· UE that fulfills the beam correspondence requirement without the uplink beam sweeping shall set the bit to 1
· UE that fulfills the beam correspondence requirement with the uplink beam sweeping shall set the bit to 0
· Uplink beam management (UE feature 2-30) is UE optional with capability signaling
· UE feature 2-30 shall be set to 1 if UE feature 2-20 is set to 0
· For the UE meeting the minimum peak EIRP and spherical coverage requirements without the uplink beam sweeping, the uplink beam management (UE feature 2-30) is optional
· RAN4 to define details of the beam correspondence tolerance requirements given in the next slide 
· Remove the contents of section 6.6.4 of the big CR to 38.101-2 in RP-182359  
· No change on the existing RAN4 agreement on minimum peak EIRP and spherical coverage requirements in TS 38.101-2 section 6.2.1.3 
· RAN4 to revise the test procedure for minimum peak EIRP and spherical coverage requirements so that the UE may rely on uplink beam sweeping during the test based on OEM declaration among the followings: 
· Using the downlink reference signals only
· Using the downlink reference signals and uplink beam sweeping
· Beam correspondence requirement for all UEs consists of three requirements as follows:
· Req1: Minimum peak EIRP requirement
· Req2: Spherical coverage requirement
· Req3: Beam correspondence tolerance requirement
· The UE meeting Req1 and Req2 without the uplink beam sweeping is considered to have met Req3
· The UE meeting Req1 and Req2 with the uplink beam sweeping shall be tested against the beam correspondence tolerance requirement (i.e., Req3) in the next slide 


 Beam correspondence tolerance requirements
· RAN4 should specify the procedure and a single tolerance level for beam correspondence by RAN#84 as follows 
· For each of the test points in the grid, two EIRP should be calculated.
· EIRP1 is calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal. Procedure is based on what is described in section  5.2.1.3.7 of TR38.810 (R4-1816258)
· No uplink beam sweeping is assumed
· EIRP2 is the best EIRP (beam yielding highest EIRP in a given direction) which is based on UL beam sweeping or TE scan
· RAN4 should specify the procedure how the best EIRP is defined and derived
· Delta EIRP = EIRP2-EIRP1
· The test grid points where beam correspondence is verified are the grid points where the UE meets the spherical coverage requirements as specified in 6.2.1.3 of TS38.101-2
· The Delta EIRP CDF is obtained from the Cumulative Distribution Function (CDF) computed using Delta EIRP from all test points.
· For power class 3 UEs which support beam correspondence in single FR2 band, the requirement is fulfilled if the UE’s corresponding UL beams satisfy the following conditions
· [X]-percentile of delta EIRP CDF is no more than [Y] dB
· RAN4 to choose X between 80 and 100 by RAN#83
· RAN4 to choose Y by RAN#84
· The presence of both SSB and CSI-RS signals is assumed and Type D QCL is maintained between SSB and CSI-RS.
· The presence of both SSB and CSI-RS signals is defined in either RAN4 or RAN5 specs.


Problem description
There could be several reasons to why the UE is not able to estimate the UL beam based on DL measurements. An obvious explanation would be mismatch between pre-coders in the RX and TX paths respectively. Another possible explanation could be incorrect estimation on best DL beam. The ability for the UE to determine the correct beam direction (DL) will be based on the quality of the measurement of the DL synchronization signal (SSB or CSI-RS). 
Figure 1 shows an example of an incorrect decision, made by the UE, of the “best” beam. In this example, the measurement is associated with an error which may be a consequence of e.g. added noise or interference. In Figure 2 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 the added noise in the measurement, the measurement of the green beam determines the highest value. Consequently, the UE fail to choose the best beam.
According to TS 38.2144: “For the purpose of SS-RSRP, SS-RSRQ and SS-SINR measurements, the UE may assume downlink EPRE is constant across the bandwidth. For the purpose of SS-RSRP, SS-RSRQ and SS-SINR measurements, the UE may assume downlink EPRE is constant over SSS carried in different SS/PBCH blocks”. There is thus no reason for the UE to assume different Energy per Resource Element (EPRE) and thus, ideally and without any noise or interference, the UE should be able to correctly determine the strongest UE beam and thus correctly determine the correct spatial filter (i.e. beam) to be used for the subsequent communication.
[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 [2] with glass cover and with a fixed code book of 9 beams per panel from two panels. Simulation set-up:
· Full phone model
· Glass cover
· Two antenna panels, front + back
· 1x4 linear patch arrays 
· 9 beams for each panel
· progressive phase shifter
· value = 0°, ±45°, ±90°, ±135°, ±175°
We start to study a possible error in the measurement of DL sync signal with the following assumptions:
· Error in RSRP estimation
· log-normal distribution μ= 0,   = 2 and 3 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)
· Perfect match between DL and UL pre-coders (so far)
In the further studies, in addition to the RSRP estimation error, we investigate mismatch between DL and UL pre-coders:
· Additional errors in uplink pre-coder (beam former)
· Phase shifters (normal distribution, μ= 0,  = 5°)
· Amplitude (normal distribution, μ= 1,   = 0.5 dB)
· Error are independent for each antenna element in each measurement
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 2. The CDF of delta EIRP is simulated with log-normal distributed error in RSRP estimation  = 2 and 3dB which corresponds to the relative SS-RSRP accuracy of ±6dB (normal condition) and ±9dB (extreme conditions) respectively [3], [4]. 
The delta EIRP value changes very fast with CDF %-tile value for values larger than 95% and is 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 1:	The delta EIRP value changes very fast with CDF %-tile value for values larger than 95% and is thus not recommended for defining a requirement. 
[bookmark: _Ref1122379]Observation 2:	The delta EIRP value, when the CDF is 85% or smaller, tend to be very small, which may not suitable for measurements. 
To set a significant CDF value of the delta EIRP, possible to measure, we propose X to be 90%-tile. Consequently, from our simulations (Figure 2) Y to be set to 2dB for normal condition and 3 dB for extreme condition.
[bookmark: _Ref1131275]Proposal 1:	X to be set to 90%-tile.
[bookmark: _Ref1131283]Proposal 2:	Y to be set to 2dB for normal condition and 3 dB for extreme condition.

[image: ]
[bookmark: _Ref536715239]Figure 2. CDF of delta EIRP based on an UL based on error in RSRP estimation of DL signal

According to the WF [1] “The test grid points where beam correspondence is verified are the grid points where the UE meets the spherical coverage requirements as specified in 6.2.1.3 of TS38.101-2”. Thus, only test points exceeding EIRP spherical coverage requirement has been considered. Our simulation model of the phone includs two antennas (front + back). For other models (e.g. single antenna model) other number of measurement points may fulfill the spherical coverage requirement. The result could therefore, be different.
[bookmark: _Ref1143314]Observation 3: 	The number of measurement points considered for the BC test depends on the spherical coverage.

Additional errors in UL pre-coders
Errors in pre-coders have been studied previously in [5] where up to 30° phase shifter errors were simulated in a 4x1 linear patch array, however, contrary to the present investigation, it was done in a simplified phone model. The intention with [5] was to investigate degradation in peak EIRP due to pre-coder imperfections. A maximum degradation of 1dB was estimated and that was added to the margin in determining the peak EIRP specification. It could be worth noting that later, when the spherical coverage was to be decided, spherical coverage was estimated as a relative value to the peak EIRP (i.e. antenna gain degradation when deviating from the peak direction). Therefore, the same margin (in this case 1dB) was indirectly transferred to the spherical coverage requirement. Since the measurement procedure was not concluded, at the time for contributing [5], no margin was associated for the event of incorrect DL beam being estimated. The current tdoc is discussing this.
The simulation result including additional errors in the UL pre-coders is shown in Figure 3. According to our simulations no significant extra degradation to the CDF could be observed due to errors in UL pre-coders.
[bookmark: _Ref439954][bookmark: _Ref536789365]Observation 4:	1dB margin was added to the spherical coverage requirement due to the imperfections in phase shifters.
[bookmark: _Ref439936]Observation 5:	No significant extra degradation to the CDF of delta EIRP could be observed due to errors in UL pre-coders.


[image: ]
[bookmark: _Ref536716916]Figure 3. CDF of EIRP based on an UL based on error in RSRP estimation and additional errors in UL pre-coders with  = 2dB.

Different level of Error in of RSRP estimation on DL sync signal
The CDF of EIRP with different level of  is plotted in Figure 4. The CDF of EIRP is studied for  = 1, 2, 3, 4 and 5dB. The delta EIRP at CDF = 80%, 90% and 95 % is shown in Table 1. The result in this study can be used as a reference. In our understanding (as discussed in 4.1)  = 2 or 3 dB is a reasonable assumption of error in RSRP of the DL sync signal. 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 such assumption (i.e.  <2 or 3 dB) is fulfilled.
[bookmark: _Ref446053]Observation 6:	The test set-up may need to be specified in a way a guaranteed level of SNR could be fulfilled at the center of the quiet zone.

[image: ]
[bookmark: _Ref444221]Figure 4. CDF of EIRP based on an UL based on different level of error in RSRP estimation of DL signal





[bookmark: _Ref444480]Table 1. ΔEIRP with different level of RSRP estimation error

	
	1 dB
	2 dB
	3 dB
	4dB
	5 dB

	ΔEIRP @ 95%
	1.3 dB
	2.8 dB 
	4.2 dB
	5.6 dB
	7.7 dB

	ΔEIRP @ 90% 
	0.8 dB
	2 dB
	3 dB
	4.1 dB
	5.5 dB

	ΔEIRP @ 80% 
	0.3 dB
	1.1 dB
	1.9 dB
	2.6 dB
	3.4 dB



Spherical coverage performance
For reference the spherical coverage of EIRP (antenna gain) with different error in RSRP estimation has been plotted in Figure 5. From our simulation a 1dB drop could be observed for the 50%-tile. 
[image: ]
[bookmark: _Ref1144355]Figure 5. Antenna gain (EIRP) spherical coverage with different error in RSRP estimation (log-normal distribution, μ= 0,   = 0, 2 and 3 dB)


Conclusion
In this contribution we have discussed beam correspondence and X and Y parameters as discussed in “WF on Beam Correspondence” [1] from RAN #82. We have made the following observations and proposals:
Observation 1:	The delta EIRP value changes very fast with CDF %-tile value for values larger than 95% and is thus not recommended for defining a requirement.
Observation 2:	The delta EIRP value, when the CDF is 85% or smaller, tend to be very small, which may not suitable for measurements.
Observation 3: 	The number of measurement points considered for the BC test depends on the spherical coverage.
Observation 4:	1dB margin was added to the spherical coverage requirement due to the imperfections in phase shifters.
Observation 5:	No significant extra degradation to the CDF of delta EIRP could be observed due to errors in UL pre-coders.
Observation 6:	The test set-up may need to be specified in a way a guaranteed level of SNR could be fulfilled at the center of the quiet zone.
Proposal 1:	X to be set to 90%-tile.
Proposal 2:	Y to be set to 2dB for normal condition and 3 dB for extreme condition.
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