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Background
Beam correspondence was discussed in RAN4 #86 bis [2], [3], [4], [5] and [6]. In [5] the definition on beam correspondence was proposed.
A WF [1] was contributed: 
 Agreements
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 


Beam correspondence at UE is defined in RAN1 #86 bis according to [8]:
 Working assumption:
· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed


This was confirmed in RAN1 #AH1_NR [9]:
Agreement:
· For the definition of beam correspondence:
· Confirm the previous working assumption of the definition
· Note: this definition/terminology is for convenience of discussion
· The detailed performance conditions are up to RAN4

Discussion
Beam correspondence could be defined in different levels.
A. UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
B. The UE should be able to find its best TX beam in (A). 
C. UE is able to respond with the best polarization.
D. Gain relation between UE Rx beam and UE TX beam is constant over the sphere.

(A)	This is the definition already decided in RAN1 and thus shall be included in definition of BC. 
(B)	It is a common understanding in RAN4 that there should be no better beam than the chosen (within a defined tolerance). However, the discussion about proposed test methods could be transformed into the question whether (B) should be included or not.  
(C)	This level of BC requires the UE to be able to figure out which polarization to use for the UL response. Below we will discuss this further.
(D)	It was decided in [1] that Beam correspondence requirement should be only based on UE Tx EIRP measurements performed by the TE. Consequently (D) cannot be included in definition of BC.

Assume that the TE (i.e. base station emulator) only would have 1 Tx beam. The UE then scans its RX beams, and selects its best Rx and Tx beam, respectively. 
The roots of the problem we point out is the word “BS Tx beam” itself. While it is fairly clear that this means that the BS (in this case TE) is forming a directional beam in a certain direction, however, it is not clear how polarization is handled. The TE has dually polarized antennas but it is not specified what is transmitted in those polarizations. Two signals are formed, one for each polarization, we denote these (NT x 1 vectors) as s↑ and s→.
These two should have some relation to the directional steering vector z(α,β), where α,β are azimuth and elevation angles, respectively. It is, however, not entirely clear how z(α,β) maps to s↑ and s→. Let’s assume that the TE sets
s↑  =  z(α,β) x↑     s→  =  z(α,β) x→.
That is, the TE transmits with the same spatial direction, but not necessarily equal amplitudes x↑ and x→ in its two polarization ports. Further, we assume a case where x↑ = x→ = 1, commonly referred to as “1 beam with 45o polarization.” This choice is not optimal, but not an unrealistic TE operation either.
The UE has two polarizations as well, so it receives the two signals (NR x 1 vectors) r↑ and r→. If the UE applies Rx beam m, then it obtains two signals
r↑(m)  =  zH(αm,βm) r↑         	  r→(m)  =  zH(αm,βm) r→
where αm,βm are the spatial angles for the mth Rx beam, and where zH(αm,βm) is an NR x 1 steering vector. In the absence of noise, the signals r↑(m) and r→(m) can be described by
.
Now recall our assumption x↑ = x→ = 1. This implies that
.
A natural metric of how good Rx beam m is would be

Thus, the Rx beam is selected as
.

In the uplink, we have a received signal model that reads


where “y” and “w” take the roles of “r” and “x” but at opposite sides of the link. Assume a UE with only one TX port. Then we must select [w↑ w→]T as [1 0] T or [0 1]T. The UE can only base this selection upon which is the stronger of  and . If the former is larger, then [w↑ w→]T = [1 0] T, and if the latter if larger, then [w↑ w→]T = [0 1] T.

It can be found cases where the matrix  is such that the UE is taking the wrong decision. One could argue that  is a diagonal matrix due to the fact that the UE is placed in the quiet zone of the TE and therefore no wrong decisions will be made. However, the black box approach gives us no information on the orientation of the antenna panels in the UE and since  also includes the behavior of the UE in respect to orientation (which is completely random) this could not be regarded as granted.
In order to solve this problem the TE need to transmit the DL pilots in both polarizations to give UE full possibility to choose the best UL beam. These pilot signals should be separated in time or by any other means e.g. by coding.
Proposal 1:	The TE shall apply (orthogonal) DL pilot signals in both polarizations.
The following definition of BC is proposed:
 Proposal 2:	Beam correspondence is defined as:
For a fixed polarization and beam at the BS, the UE has BC if and only if, the UE is able to find its best TX beam, under the assumption that the BS observes its received signal in the same polarization as it used for transmission, from its measurements across its RX beams.
Conclusion
In this contribution we have discussed beam correspondence from a polarization point of view and we have the following proposals:
Proposal 1:	The TE shall apply (orthogonal) DL pilot signals in both polarizations.
Proposal 2:	Beam correspondence is defined as:
For a fixed polarization and beam at the BS, the UE has BC if and only if, the UE is able to find its best TX beam, under the assumption that the BS observes its received signal in the same polarization as it used for transmission, from its measurements across its RX beams.
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