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Introduction
In RP#82 meeting, a WF on beam correspondence [1] was approved to further study beam correspondence requirements and test procedure. In this contribution, we present our view on beam correspondence test procedure.
Discussion
Background
Beam correspondence requirements have been discussed for several meetings. One important aspect is whether or not the relaxation is allowed in the spherical coverage and minimum peak EIRP requirements when corresponding Tx beam is selected in practical implementation. It was ended up with RAN plenary decision that beam correspondence is mandatary with capability signaling to allow UEs to rely on UL beam sweeping to meet current spherical coverage and minimum peak EIRP for PC3 UEs. The WF was copied here for convenience.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. 


In the WF, the key takeaways are:
1)  There are two types of UEs specified, differentiated by capability signaling in UE feature 2-20 (beam correspondence). First type of UEs can meet beam correspondence requirements without UL beam sweeping – based on corresponding beam only. The second type of UEs need to rely on UL beam sweeping to select better UL beam (than corresponding beam) to meet beam correspondence requirements.
2) For second type of UEs, two EIRP values are records. EIRP1 is generated by corresponding beam. ERIP2 is best EIRP generated by UL sweeping. EIRP2EIRP1.
3) 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
4) Generate CDF curve of Delta EIRP = EIRP2 – EIRP1 collected on test points defined in 3).
5) Second type of UEs shall have delta EIRP value at [X]-percentile of delta EIRP CDF is no more than [Y] dB.

RAN4 was tasked to specify the beam correspondence test procedure and X and Y values. In this contribution, we present the beam correspondence test procedure to follow RAN plenary guidance.

Test Procedure
The proposed test procedure is specified step by step below with discussion for some key steps.

For each (quantized) angle on the sphere:

1. Rotate UE towards that angle regarding to Test Equipment (or vice versa)

2. After rotation completed, provide N_dlmeas downlink measurement opportunities to determine best Rx beam.
a. SSB burst periodicity = 20ms, N_dlmeas = [20]
b. CSI-RS periodicity = 20ms, same density with SSB block
c. Downlink measurements single power level Rx_EIRP shall be set
	Rx_EIRP = EIS50% + SNR - SNRREFENSES
Where 
Rx_EIRP - Required EIRP power level at UE antenna 
EIS50% - 50%-tile EIS spherical coverage value for PC3 UE
SNR   - Required receive SNR = 20dB
SNRREFENSES = -1dB
 
[Discussion] The downlink measurement reference signals specified in the WF are with both SSB and CSI-RS being present. We propose SSB has burst periodicity of 20ms. This is the default value of SSB period UE assumes at initial cell search. At least [20] SSB bursts should be provided for UE to find the good Rx beam.  CSI-RS should have periodicity of 20ms as well and within each period be configured in one slot between two consecutive SSB bursts with a length of 4 OFDM symbols.
The number of DL measurement opportunities is a function of input signal power level. We assume input signal EIRP power level is reasonable high at UE antenna input to generate Rx_SNR better than 20dB at 50%-tile EIS coverage. 
The EIRP at UE antenna input should be calculated as 
Rx_EIRP = EIS50% + SNR - SNRREFENSES
Where 
Rx_EIRP - Required EIRP power level at UE antenna 
EIS50% - 50%-tile EIS spherical coverage value for PC3 UE
SNR   - Required receive SNR
SNRREFENSES = -1dB, baseband SNR used for REFSENS testing
For example, EIS50% is -77.4dBm for PC3 UE with 50MHz channel BW, when requirement SNR = 20dB, then Rx_EIRP= -56.4dBm.

3. After downlink measurement is completed, UE determines Rx beam based on max RSRP

4. UE selects corresponding Tx beam to the selected Rx beam in step 3 based on beam correspondence and transmits SRS

5. TE measure EIRP1

6. TE provides UE with additional N_ulbeams SRS resources with the same frequency allocation and port configuration
[Discussion] The reference waveform is used for power class definition. Can SRS replace reference waveform for power class definition? How to configure frequency resource for SRS? These questions need further clarification. We think SRS used in beam management can be configured with one port and 128RB0 in frequency resource with SCS=60KHz. This setting of SRS is exactly the same with reference waveform except for modulation. Since SRS uses ZC sequences other than DFT-S-OFDM QPSK, SRS shows better PAPR than reference waveform. So potentially SRS can replace reference waveform for UL power measurement. 

Proposal 1: Study if SRS can be used for power measurement to replace reference signal as UL EIRP measurement.  

Since measurement time in power class definition is defined as one subframe (1ms) in the spec 38.101-2, in order to have accurate measurement result, each configured SRS resource should be configured with reasonable duration in time to let TE have accurate EIRP measurement. The exact number of SRS symbols for each UL Tx beam is FFS.

What is the value of N_ulbeams? Network does not know how many UL beams need to be configured for UL beam sweeping in order to meet spherical coverage and minimum peak EIRP requirements. Intuitively, the larger N_ulbeams, the better Tx beam the UE can select. But in real operation, the larger N_ulbeams, the larger the network overhead from SRS. On the other hand, different UE may have different requirement on N_ulbeams depending on UE implementation. In order to reduce network overhead, it is beneficial to let UE chose its own N_ulbeams and signal network its required N_ulbeams. Besides value of N_ulbeams, for periodic and semi-persistent SRS resources configuration, it is also good to let UE report its required periodicity to dynamically adapt to real-time conditions, for example, mobility. We have the following proposal. 

Proposal 2: Add a UE capability to notify network its required number of SRS resources for UL beam sweeping and/or periodicity using RRC message. The detail format is FFS.

7. UE transmits N_ulbeams beams using these SRS resources (UL beam sweeping)

8. TE measures all N_ulbeams beams. EIRP2 is the max (EIRP1, maximum EIRP of these N_ulbeams  beams).

9. Compile [angle, EIRP1, EIRP2] determined using above procedure

10. Sort data based on EIRP2
[Discussion] The collected data should be sorted based on EIRP2 since for UE that needs UL beam sweeping assistance, only EIRP2 can meet spherical coverage requirements defined in 38.101-2. In WF, the test grids are defined as 
· 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

End // for each angle on sphere

11. Eliminate data where EIRP2 doesn’t meet spherical coverage requirement (Rest of the steps use only the remaining data)

12. Get Delta EIRP = EIRP2-EIRP1 (dB) for remaining data

13. Sort Delta EIRP (dB) and plot CDF curve

14. Pick the [X]-percentile value, compare it against [Y] dB
[Discussion] The proposed values of X and Y are discussed in our accompanying paper [2].



Conclusion
In this contribution, we discuss beam correspondence test procedure and propose the following procedure:

Proposed test procedure: 

For each (quantized) angle on the sphere:
1. Rotate UE towards that angle regarding to Test Equipment (or vice versa)
2. After rotation completed, provide N_dlmeas downlink measurement opportunities to determine best Rx beam.
a. SSB burst periodicity = 20ms, N_dlmeas = [20]
b. CSI-RS periodicity = 20ms, same density with SSB block
c. Downlink measurements single power level Rx_EIRP shall be set
	Rx_EIRP = EIS50% + SNR - SNRREFENSES
Where 
Rx_EIRP - Required EIRP power level at UE antenna 
EIS50% - 50%-tile EIS spherical coverage value for PC3 UE
SNR   - Required receive SNR = 20dB
SNRREFENSES = -1dB 
3. After downlink measurement is completed, UE determines Rx beam based on max RSRP
4. UE selects corresponding Tx beam to the selected Rx beam in step 3 based on beam correspondence and transmits SRS
5. TE measure EIRP1
6. TE provides UE with additional N_ulbeams SRS resources with the same frequency allocation and port configuration
7. [bookmark: _GoBack]UE transmits N_ulbeams beams using these SRS resources (UL beam sweeping)
8. TE measures all N_ulbeams beams. EIRP2 is the max (EIRP1, maximum EIRP of these N_ulbeams  beams).
9. Compile [angle, EIRP1, EIRP2] determined using above procedure
10. Sort data based on EIRP2
End // for each angle on sphere
11. Eliminate data where EIRP2 doesn’t meet spherical coverage requirement (Rest of the steps use only the remaining data)
12. Get Delta EIRP = EIRP2-EIRP1 (dB) for remaining data
13. Sort Delta EIRP (dB)
14. Pick the [X]-percentile value, compare it against [Y] dB

We have two proposals:

Proposal 1: Study if SRS can be used for power measurement to replace reference signal as UL EIRP measurement.  
Proposal 2: Add a UE capability to notify network its required number of SRS resources for UL beam sweeping and/or periodicity using RRC message. The detail format is FFS.

References
[1] RP-182879, “WF on Beam Correspondence”, Samsung, Apple, Nokia, Intel, ZTE, Sanechips, Qualcomm, MediaTek, Panasonic, Verizon, CATT, AT&T, OPPO, CMCC, Huawei, HiSilicon, CAICT, vivo, LG Electronics, KT Corp. RAN #82, Sorrento, Italia. Dec, 2018
[2] R4-1900134, ‘Beam Correspondence requirements’, Intel, RAN4#90, Athens Greece, Feb, 2019


1

5

