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1	Introduction
Beam correspondence is a critical topic in NR development since many system performance indicators depend on its validity, e.g., overhead for beam training, network access latency.  Beam correspondence has been discussed in previous contributions [1]-[9].  There has been progress on this subject in RAN4 #86bis and an agreement was presented in [1] that reads as follows.
Agreement from RAN4 #86bis meeting:
1. Beam correspondence requirement should be only based on UE Tx EIRP measurements performed by the TE.
2. Beam correspondence requirements definition will be further discussed based on the following two approaches, [other approaches not precluded]:
· 1st approach: define the beam correspondence requirement based on an EIRP tolerance between the best Tx beam and the Tx beam selected based on DL measurements. 
· 2nd approach: define the beam correspondence requirement based on EIRP CDF requirements. In this case, the correspondence is defined based on passing the EIRP CDF requirements without UL Tx beam sweeping. 
· Companies provide their preferred approach at next RAN4 meeting.
3. RAN4 will define a beam correspondence requirement based on bullets 1, 2.
4. RAN4 will decide if beam correspondence RF requirement can be tested simultaneously with other Tx requirements.
* Whether it is mandatory or not for beam correspondence is up to decision of RAN1 and RAN

In this paper, we share our views on how to define core RF requirements for UE beam correspondence. 
2	Discussion
Beam correspondence is a useful feature in NR.  Many of its benefits, e.g., overhead reduction for UL beam training, UE power consumption were discussed in [2]-[3]. A capability indication of UE beam correspondence to the network is supported within the RAN1 specification. The definition of the beam correspondence requirement is under discussion in RAN4 [4]-[9]. 
In previous meetings, there have been attempts to address this topic.  Consensus has not been reached. The two potential approaches listed in Section 1 have drawn most of the attention in RAN4. 
2.1	1st Approach: EIRP Tolerance [4]
To simplify transmit and receive beampattern comparison, the 1st approach to define beam correspondence is proposed in [4], in which the UE is allowed to figure out the UL Tx beam based on the DL incoming signal only and the EIRP of the selected UL Tx beam is compared with the maximum achievable EIRP in the same direction.  The UE can claim beam correspondence if the performance difference for any link direction (Az/El) is within the defined tolerance range (e.g., 2dB).  
While this approach ensures the UE selected Tx beam is close to the best (up to tolerance), there are flaws and confusions that make it difficult to use as the definition of the requirement on beam correspondence: 
· It is unclear how to obtain “the best Tx beam” and/or “the maximum achievable EIRP in the same direction”.  Currently there is no mechanism defined in NR to require UE to perform Tx beam sweeping, which is highly dependent on UE implementation. 
· If the best Tx beam is obtained by sweeping Tx beams in a codebook, then the selected Tx beam is guaranteed to be close to the best (up to tolerance) in the scope of codebook only, the quality of antenna and codebook design cannot be verified by this test.  The consequence is that a UE with Tx beam of insufficient directivity may be able to pass this test but unable to meet the spherical coverage/EIRP CDF requirement due to poor directivity, which in turn will create heavy interference pollution to the network.
· This test is intrusive to UE codebook design, and the test time is high as UE Tx beam sweeping is needed to obtain the maximum achievable EIRP of the beams in codebook.
· It is not realistic to perform this test for any link direction (Az/El) and it is not necessary for UE to meet the EIRP tolerance for any link direction (Az/El).  
· To determine the value of tolerance, in addition to the analysis on system level impact, the practical form factor integration factors need to be considered. 
· According to the spherical coverage analysis, there may be directions without enough DL signal strength to make the test meaningful. In addition, antenna with dead zones may be able to pass the spherical coverage requirement (50% in EIRP CDF), however, the result for this EIRP tolerance test is unclear.
· DL measurement signal (SS/PBCH and/or CSI-RS) needs to be specified for performing this test.
Observation 1:  Due to a number of flaws associated with the 1st approach of EIRP tolerance have been identified (not clear how to determine the best Tx beam, dependency on UE implementation, intrusiveness to UE codebook design, not clear how to determine applicability for any link direction), it is not possible to define the beam correspondence requirement according to this approach.
2.2	2nd Approach: EIRP CDF Requirement [5]
The 2nd approach is proposed in [5], which is to define beam correspondence as passing spherical EIRP CDF requirement without UL Tx beam sweeping.  The EIRP CDF is obtained under the following conditions: 
· UE relies on the incoming DL signal to measure beam direction from test equipment (TE); 
· UE uses that information to direct its UL transmit beam towards TE; 
· UE does not rely on an SRS configuration (to ensure UL Tx beam sweeping procedures are not used);
· TE measures the EIRP in the same direction as it transmits the DL beam.  
A UE without beam correspondence may fail the spherical EIRP CDF test, which is a fundamental requirement for UE to meet. This test is not intrusive to UE codebook design, and the test time is lower since UE Tx beam sweeping is not needed and this test can be combined with existing spherical coverage test. 
Observation 2:  The EIRP CDF approach is acceptable at least as a necessary condition to verify beam correspondence, although it can be further improved in future releases.
The following aspects can be further improved:  
· This test is not sufficient to ensure the optimality of the selected UL Tx beam since the selected beam is not compared with other Tx beams and its pattern is not fully verified (beampattern is not measured since it is costly to do so).  
· A UE may be able to pass this test by increasing its TRP without accurate beam pointing and this will degrade network performance due to network interference pollution. In other words, a higher TRP should not yield relaxed beam correspondence performance. 
· NOTE: The maximum TRP is specified in TS-38.801 and a UE can only increase its TRP up to the specification.
· DL measurement signal (SS/PBCH and CSI-RS) needs to be specified for performing this test.
· Both SS/PBCH and CSI-RS signals need to be present to accommodate different UE implementations for measuring beam direction from TE. 
Based on the analysis on UE spherical coverage and to be consistent, the same parameters in the spherical coverage test requirement for PC3 should be reused, e.g., 50% in EIRP CDF. 
Observation 3:  EIRP CDF requirement is an acceptable approach to verify beam correspondence provided that: 1) The same parameters in the spherical coverage test requirement for PC3 are reused, e.g., 50% in EIRP CDF; 2) DL measurement signal parameters (SS/PBCH and CSI-RS) are specified.
Proposal 1: Define the beam correspondence requirement as the following:
For UEs which support beam correspondence, the requirement is fulfilled if the UE’s corresponding UL beams satisfy the spherical coverage requirements according to the UE’s power class, such that:
-	The DL measurement signal configuration contains both the SS/PBCH and CSI-RS signals
-	The link does not use any SRS configuration
3	Conclusions
In this contribution, we share our views on the two potential approaches for verifying beam correspondence. 
The following observations and proposal have been made: 
Observation 1:  Due to a number of flaws associated with the 1st approach of EIRP tolerance have been identified (not clear how to determine the best Tx beam, dependency on UE implementation, intrusiveness to UE codebook design, not clear how to determine applicability for any link direction), it is not possible to define the beam correspondence requirement according to this approach.
Observation 2:  The EIRP CDF approach is acceptable at least as a necessary condition to verify beam correspondence, although it can be further improved in future releases.
Observation 3:  EIRP CDF requirement is an acceptable approach to verify beam correspondence provided that: 1) The same parameters in the spherical coverage test requirement for PC3 are reused, e.g., 50% in EIRP CDF; 2) DL measurement signal parameters (SS/PBCH and CSI-RS) are specified. 
Proposal 1: Define the beam correspondence requirement as the following:
For UEs which support beam correspondence, the requirement is fulfilled if the UE’s corresponding UL beams satisfy the spherical coverage requirements according to the UE’s power class, such that:
-	The DL measurement signal configuration contains both the SS/PBCH and CSI-RS signals
-	The link does not use any SRS configuration
The proposal presented in this paper is implemented in the corresponding CR in [10].
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