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Background
Beam correspondence was discussed in RAN4 #88 [1], [2]. A WF [3] was contributed.

Definition of beam correspondence

Beam correspondence at UE is defined in RAN1 #86 bis according to [7]:
 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.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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 [8]:
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 about definition
Looking into the definition of beam correspondence at the UE side according to [7] there are two alternative definitions:
· 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.
The first one is straight forward and is the one discussed so far in RAN4. The second (highlighted in yellow) requires some more discussion. The network operation could be:
· The UE transmits SRS in a number of Tx beams
· The NW measures, and instructs the UE to use one of them for subsequent transmission
· The UE can then figure out what Rx beam to use, based on the  used Tx beam
However, there must be a link where the NW can instruct the UE before the RX beam is chosen (otherwise it’s a chicken and egg situation). Except for some special cases (e.g. initial omnidirectional RX pattern or the case where communication could be done in a non-optimal RX beam) this part of the definition only applies to NSA. In order to simplify we propose:
Proposal 1:	The part of the UE beam correspondence saying “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” shall only apply to NSA.
The definition in [7] only discuss “a UE TX beam” or “a UE RX beam”. In [1], [2] and in the open issues (page 4) listed in [3] further quality criteria of beam correspondence was discussed (also discussed in a lot of other documents). Below possible criteria for beam correspondence are reproduced from [5]: 
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. 
· This is the definition already decided in RAN1 and is the very basic criteria of BC. This correspond to the 2nd approach in [3]
· 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.
B. The UE should be able to find its best TX beam in in terms of EIRP in the wanted direction. 
· This definition correspond to the 1st approach in [3]
· 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.
C. UE is able to respond with the best polarization. 
· This level of BC requires the UE to be able to figure out which polarization to use for the UL response.
· This was discussed in [5] where it was concluded that the TE shall 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 (i.e. orthogonal).
· Proposal 2:	The TE shall apply (orthogonal) DL pilot signals (SSB and/or CSI-RS) in both polarizations.
· In case of coherent UL MIMO capability the polarization aspect is essential. This is discussed below.
D. Gain relation between UE Rx beam and UE TX beam is constant over the sphere. 
· The beam correspondence metric can also be based on correlation: the EIRP spherical coverage could be correlated with the EIS spherical coverage. This is further discussed below
Polarization aspects on BC for coherent UL MIMO
For UE that declare the capability of coherent UL MIMO, BC shall apply for each propagation direction (or same directions but different polarizations) of the MIMO channel. In a real environment the AoA/AoD for the different propagation directions of the MIMO channel may be different (e.g. multi TRxP case). The meaning of BC for coherent UL MIMO thus means that the UE shall be able to track the polarization and respond in the same polarization as the SSB and/or CSI-RS.
We remark that an equivalent formulation of our proposed UL MIMO BC definition would be to say that the traditional BC definition already agreed upon, shall hold true for two additional cases: 
i. the test equipment has a single polarized antenna (both for transmission and reception) with polarization state p  
ii. the test equipment has a single polarization state p’ where p’ is orthogonal to p. The precise polarization state p is arbitrary.
Proposal 3:	For UE that declare the capability of coherent UL MIMO, the UE shall be able to track the polarization and respond in the same polarization as the SSB and/or CSI-RS and be tested in two orthogonal polarizations.


Gain relation between UE Rx beam and UE TX beam (for Rel-16)
The beam correspondence metric can also be based on correlation: the EIRP spherical coverage could be correlated with the EIS spherical coverage. If “sufficiently” high, then it is likely that the UE Tx beam for the uplink transmission is spatially “similar” to the Rx beams used for measurement.
Alternatively, the correlation could be based on estimates for the uplink and downlink PL obtained in all directions, from [4] the maximum output power (EIRP) of the DUT and the corresponding reported PCMAX,f,c are used as reference for verification of the beam-correspondence capability. The first steps would be to set the target received power P0_PUSCH  just like in the proposed test configuration for verifying absolute accuracy [4]

1. measure the received signal PRXmax at the SS with the UE at maximum output power following UP commands
2. set the target received power P0_PUSCH  to PRXmax 
3. record the reported PCMAX,f,c to be used as an estimate of the actual UE output power at the maximum power setting
Then
4. the UL path loss is estimated by PL = PCMAX,f,c – PRXmax
5. the DL path loss is estimated by PL = referenceSignalPower– RSRP (by SSB resource index)
This would allow an estimate of the beam correspondence capability at the maximum output power setting assuming that the reported RSRP is that used for DL PL estimation by the DUT. It is recognized that the estimates also includes other inaccuracies such as RSRP inaccuracy and the difference between the reported PCMAX,f,c and the actual UE output power in the appropriate plane of reference.
Problems with the existing Rel-15 definition 
Depending on how strict the BC need to be for the output power control the EIRP spherical coverage alone (refer to 2nd approach in [3]) may not be accurate enough. Assume the event of a test situation according to Figure 1.
[image: ]
[bookmark: _Ref525916963]Figure 1. Schematically diagram of a test situation.

The example test situation of Figure 1 is simulated by a fictitious malfunctioning UE according to Figure 2 where one of the antenna modules choose beams completely randomly.
[image: ]
[bookmark: _Ref525918388]Figure 2. Example of a fictitious two-antenna module UE where one of the modules is malfunctioning

The total scan pattern for a correct UE and a malfunctioning is shown in Figure 3, however, the EIRP requirement could still be fulfilled as shown in Figure 4

[image: ]
[bookmark: _Ref525918943]Figure 3. Total scan pattern for one correct UE and one malfunctioning UE.

[image: ]
[bookmark: _Ref525919698]Figure 4. CDF plot of one correct UE and one malfunctioning UE
In this example it has been shown that fulfilling EIRP spherical coverage requirement alone may not be a strict enough metric for beam correspondence.

In addition, spherical coverage is the most fundamental requirement for UE, but BC is a more advanced requirement. A UE should always be able meet the requirement of spherical coverage, but not necessary to meet the BC (if BC is not going to be mandatory). Therefore, the requirement of fulfilling BC should be stricter than spherical coverage requirement. 

Proposal 4:	Fulfilling EIRP spherical coverage requirement alone may not be a strict enough metric for beam correspondence. Other methods (e.g. correlation of DL and UL PL) should not be precluded and should be FFS.
Conclusion
In this contribution we have discussed beam correspondence and we have the following proposals:
Proposal 1:	The part of the UE beam correspondence saying “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” shall only apply to NSA.
Proposal 2:	The TE shall apply (orthogonal) DL pilot signals in both polarizations.
Proposal 3:	For UE that declare the capability of coherent UL MIMO, the UE shall be able to track the polarization and respond in the same polarization as the SSB and/or CSI-RS and be tested in two orthogonal polarizations.
Proposal 4:	Fulfilling EIRP spherical coverage requirement alone may not be a strict enough metric for beam correspondence. Other methods (e.g. correlation of DL and UL PL) should not be precluded and should be FFS.
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