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Background
In this document remaining issues for the Rel-15 beam correspondence (BC) discussed in RAN4 #88 bis will be addressed. BC was discussed during several AD-HOC sessions [1] as well as on-line. A WF [2] was declared as working agreement.

 · The following open issues need to be addressed in RAN4 #89:
· DL measurement signals 
· If DL measurement signals need to specify in RAN4 or RAN5 specifications
· Which DL measurement signals (SSB and/or CSI-RS) should be specified 
· SRS
· whether clarification on SRS configuration used in the BC test is needed in RAN4 or RAN5 specs
· A clarification on polarization of DL signals used by TE should be included in a recommendation to RAN5
· If the above open issues are solved, the texts in the next slide should be captured in 38.101-2.
· Which requirement needs to be specified for PC1, PC2 and PC4


DL measurement signals
The beam management implementation can be made differently in a UE (depending on the modem design). In RAN1, the operations of P1, P2, P3 are agreed. In our understanding, when the UE performs the operation in IA (Initial Access), the operation of the BM is as follows (the P2 procedure and the P3 procedure may be performed at the same time due to implementation).
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Assuming a UE equipped with several FR2 antenna modules, the UE may use a semi-omni pattern with wider beams in IA (Initial Access) in order to quickly find the SS/PBCH Block (refer to the P1 procedure above). Since the UE can acquire information on the threshold of SS/PBCH Block and gNB Tx power from the MIB and SIB1, it is possible for the UE to estimate the path loss by RSRP measurement by SSB and select the best SS/PBCH Block. The UE would perform the 4 step-RACH procedure in a manner of transmitting Msg1 (PRACH) in the same direction as the best SS/PBCH Block. Before Peak EIRP and EIRP spherical coverage could be correctly measured there need to be beam refinement. In our understanding there are two optional method of beam refinement depending on modem implementation.
1. Beam refinement is done in 4 step-RACH procedure.
2. Beam refinement is done after transition to "RRC CONNENCED" state.
According to the test procedure specified by RAN5 beam refinement seems to be performed using DL RS which is QCL'd in the TCI state of 64 [128] bits on DCI. Therefore our conclusion is that it is actually decided depending on whether the DL RS being QCL'd is SS/PBCH Block or CSI-RS.
From our point of view, it should be left to RAN5 to specify a procedure in order to correctly measure Peak EIRP and EIRP spherical coverage. As a second option, if it needs to be specified, both SS/PBCH Block and CSI-RS are considered necessary.
Proposal 1:	The Peak EIRP and EIRP spherical coverage measurement shall be in RRC CONNENCED state. It is up to RAN5 to specify DL measurement signals in order to measure Peak EIRP and EIRP spherical coverage correctly.
Beam correspondence for initial access (including implementation with wider beams) may also be of interest. In this case separate metrics for beam correspondence has to be defined. We think this discussion will be contained in Rel-16.
SRS
SRS is needed for the second definition of beam correspondence as discussed in [4]:
· 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.
Since the second definition of beam correspondence is not covered by the WF [2] we prefer to leave it for Rel-16 beam correspondence discussion. SRS is also used for UL transmitter beam management. For those purposes we prefer to leave the details to RAN5.
Proposal 2:	It is up to RAN5 to specify on SRS configuration in order to correctly measure Peak EIRP and EIRP spherical coverage.
Polarization of DL signals
This was extensively discussed in [3] where it was concluded that the TE shall transmit the DL measurement signals in both polarizations to give UE full possibility to choose the best UL beam. These DL measurement signals should be separated in time or by any other means e.g. by coding (i.e. orthogonal). 

In the base-line configuration of the UE two receive antennas (diversity) is mandatory but only one transmit antenna. Depending on implementation, polarization matching therefore cannot be guaranteed. This is taken care of in the UL measurements where EIRP is measured as the sum of  and the  polarizations. However, it is not mandatory to have exactly the same antenna pattern in the DL as in the UL (of course). It is therefore essential that the UE sees both  and the  polarizations in order to find the best UL beam. 
Proposal 3:	The TE shall apply (orthogonal) DL measurement signals in both polarizations. 
It is not clear to us if this is taken care of in the RAN5 measurement procedure in TS 38.521-2 [5] or in TR 38.810 [6]. We therefore propose this message is conveyed to RAN5.
Proposal 4:	A clarification on polarization of DL signals used by TE shall be included in a recommendation to RAN5.
Verification of Beam Correspondence
Proposal 5:	The following text shall be captured in 38.101-2
6.2.5	Beam correspondence
UEs which support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam management.
For power class 3 UEs [which support beam correspondence], the requirement is fulfilled if the UE’s corresponding UL beams satisfy the minimum peak EIRP according to Table 6.2.1.3-1 and spherical coverage requirements according to Table 6.2.1.3-3 in CONNECTED MODE following any beam refinement [TS 38.214]

A corresponding CR is contributed [7]
Conclusion
In this contribution we have discussed beam correspondence in respect to the open issues listed in [2] and we have the following proposals:
Proposal 1:	The Peak EIRP and EIRP spherical coverage measurement shall be in RRC CONNENCED state. It is up to RAN5 to specify DL measurement signals in order to measure Peak EIRP and EIRP spherical coverage correctly.
Proposal 2:	It is up to RAN5 to specify on SRS configuration in order to correctly measure Peak EIRP and EIRP spherical coverage.
Proposal 3:	The TE shall apply (orthogonal) DL measurement signals in both polarizations. 
Proposal 4:	A clarification on polarization of DL signals used by TE shall be included in a recommendation to RAN5.
Proposal 5:	The following text shall be captured in 38.101-2
6.2.5	Beam correspondence
UEs which support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam management.
For power class 3 UEs [which support beam correspondence], the requirement is fulfilled if the UE’s corresponding UL beams satisfy the minimum peak EIRP according to Table 6.2.1.3-1 and spherical coverage requirements according to Table 6.2.1.3-3 in CONNECTED MODE following any beam refinement [TS 38.214]
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