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1 Background
[bookmark: _Ref4666338]In RAN #86, beam correspondence (BC) enhancement was discussed, a WF was endorsed [2] and the WI was updated [1].
In RAN4 #93, prior to RAN #86, BC was also discussed resulting in a WF [3] covering side condition for SSB and CSI-RS. This topic will be further elaborated in [5]. 
The WF [2] says:· RAN4 continue discuss the SSB based BC and CSI-RS based BC test cases based on Rel-15 features without consideration on any new signalling or measurement. 
· [bookmark: _Hlk31724485]For BC performance enhancement for both bit #0 and bit #1 UE, RAN4 may continue discussing the additional performance enhancement and test configuration enhancement by utilizing the existing UE measurement including RSRP and/or L1-SINR 
· RAN4 may also consider the initial access for additional beam correspondence enhancement in Rel-16 timeframe 


In this contribution, we will elaborate further on the additional performance enhancement and test configuration enhancement by utilizing the existing UE measurement including RSRP and/or L1-SINR.
Discussion
The motivation behind the enhancement on the measurement reporting has been thoroughly discussed in [8] and [9]. Here, we briefly remind again the technical issues with Rel-15 UE beam correspondence requirement. 
Beam correspondence in poor SNR condition 
In a real network, in a poor SNR and/or poor SINR scenario the probability that the UE may make RSRP estimation errors increases, and thus the UE may fail to select an optimal uplink beam autonomously, regardless of the UE BC capability. The simulation in figure 1 shows that the standard deviation of the RSRP estimation diverges quickly when the SNR goes below 0 dB.  Therefore, a UE may anyway lose the BC and, thus, it may need network-assisted uplink beam sweeping even if it has signaled UE BC capability bit to 1. 

[bookmark: _Ref32590105]Observation 1:	Poor SNR and/or poor SINR in the DL may cause the UE not being capable of fulfilling BC without UL beam sweeping.


On the other hand, the SNR and/or SINR may also be very high, in a real network scenario, and a UE that has set its UE BC capability bit to 0 may be capable of selecting an optimal uplink beam autonomously under such a condition. 

[image: ]
Figure. 1. The standard deviation of RSRP estimation with different number of RBs and SNR values. 

[bookmark: _Ref1149451]Observation 2: 	A UE may in some cases be capable of BC without UL beam sweeping but in other cases not.
Therefore, the beam correspondence can be seen as a dynamic capability of a UE in real networks, whether the UE can autonomously select a “good enough” uplink beam does not depend on the UE BC capability bit but rather on the SNR condition and DL reference signal configuration. The network cannot know whether the UE can perform the beam correspondence with Rel-15 BC capability. 

[bookmark: _Ref32244975]Observation 3:	Beam correspondence is a dynamic capability in real networks that depends on the network SNR and DL reference signal configuration. It is not enough for the network to only know UE’s beam correspondence capability, regardless of whether the BC UE capability bit is set to 0 or to 1.

Rel-16 enhancement to ensure the UE performs beam correspondence
In order to ensure the UE performs beam correspondence based on DL reference signal configured by the network, it is, therefore, necessary for the network to configure a dynamic reporting mechanism to gain knowledge of the UE side SNR/SINR and any other BC related information, to accurately improve beam correspondence performance.
[bookmark: _Ref32244983]Observation 4: 	It is necessary to have dynamic reporting/signaling from UE in order to ensure the UE performs beam correspondence based on DL reference signals configured by the network.
L1-RSRP and L1-SINR reporting is already available in Rel-16 and possibly well-suited for this purpose. Some benefits of L1-SINR reporting in the beam selection are elaborated in [11], and two possible ways of how network can use the L1-SINR are further described below 
· The UE can indicate to the gNB that the DL SINR is too low to perform beam correspondence, and the network can in response configure more DL resources elements to the UE to improve its RSRP estimation accuracy. 
· Another alternative would be the UE, in extremely poor SINR condition, indicates the gNB that it cannot perform the BC, and it may require uplink beam sweeping assistance from the gNB. As an alternative, the gNB can also decide to terminate the BC operation and start the UL beam sweeping based on the reported SINR. 

To our understanding, such an enhancement on the reporting/signaling of BC is necessary to meet the objective of the Rel-16 beam correspondence enhancement WID, and it is also essential for the network performance. We therefore think such an enhancement should be discussed and RAN4 should define such enhanced measurement reporting. 

[bookmark: _Ref1149478][bookmark: _Ref32245330]Proposal 1: 	Enhancements to beam correspondence measurement reporting is in the scope of Rel-16 beam correspondence WID, and RAN4 should discuss and define it.
Beam correspondence tolerance in Rel-16
The beam correspondence tolerance has been introduced in Rel-15 in order to accommodate the lower capability of some UEs to select the uplink beam autonomously. However, in light of the discussion above, it is questionable whether it is useful for the network to know such a UE capability. Based on the discussion above and detailed analysis in [8] and [9], regardless of the UE capability bit for beam correspondence 1 or 0, a UE will eventually lose the beam correspondence when the DL SNR/SINR becomes low or the configuration of DL reference signal is not optimized. 
[bookmark: _Ref32245306]Observation 5: 	It is questionable whether the UE BC capability bit is useful for a real network.
On the other hand, a UE can always meet the spherical coverage requirement if the SNR and number of REs are properly selected in an OTA test (which we believe is the case for Rel-15 BC test). 
[bookmark: _Ref32245316]Observation 6: 	A UE can always meet the spherical coverage requirement if the side conditions are properly selected. 
Therefore, for Rel-16 BC requirement, we suggest removing the bit 1 or 0 for beam correspondence: All UEs that support Rel-16 BC shall also meet the spherical coverage requirement without tolerance. 
[bookmark: _Ref32245346][bookmark: _GoBack]Proposal 2: 	If a UE supports Rel-16 BC and the UE is Rel-15 BC bit-0 UE, it is an invalid scenario and should not be allowed.
Conclusion
In this contribution we have discussed the importance of having enhancement measurement report on BC in order to meet the target of Rel-16 BC enhancement. The following observations and proposals have been given:

Observation 1:	Poor SNR and/or poor SINR in the DL may cause the UE not being capable of fulfilling BC without UL beam sweeping. 
Observation 2: 	A UE may in some cases be capable of BC without UL beam sweeping but in other cases not.
Observation 3:	Beam correspondence is a dynamic capability in real networks that depends on the network SNR and DL reference signal configuration. It is not enough for the network to only know UE’s beam correspondence capability, regardless of whether the BC UE capability bit is set to 0 or to 1.
Observation 4: 	It is necessary to have dynamic reporting/signaling from UE in order to ensure the UE performs beam correspondence based on DL reference signals configured by the network.
Observation 5: 	It is questionable whether the UE BC capability bit is useful for a real network.
Observation 6: 	A UE can always meet the spherical coverage requirement if the side conditions are properly selected.
Proposal 1: 	Enhancements to beam correspondence measurement reporting is in the scope of Rel-16 beam correspondence WID, and RAN4 should discuss and define it.
Proposal 2: 	If a UE supports Rel-16 BC and the UE is Rel-15 BC bit-0 UE, it is an invalid scenario and should not be allowed.
References
[1] RP-192653	“Revised WID on NR RF Requirement Enhancements for FR2”, Nokia, Nokia Shanghai Bell
[2] [bookmark: _Ref31723456][bookmark: _Ref31722113]RP-193204	“Proposed Way Forward on Rel-16 Beam correspondence enhancement”, Samsung, Nokia, Intel, Sony, LG, Ericsson, CATT, ZTE
[3] R4-1916172 	“WF on side conditions of SSB based and CSI-RS based beam correspondence tests” Apple Inc.
[4] R4-1915041	“Enhanced reporting for beam correspondence in poor SNR condition”, Sony
[5] [bookmark: _Ref31641941]R4-200xxx 	“Views on SSB only and CSI-RS only beam correspondence”, Sony, Ericsson
[6] [bookmark: _Ref31642255]R4-1915041	“Enhanced reporting for beam correspondence in poor SNR condition”, Sony
[7] R4-1913049    “WF on beam correspondence in Rel-16”, Apple Inc., Qualcomm Incorporated, Samsung, Sony
[8] R4-1913521	“Discussion on more enhancement to beam correspondence in Rel-16”, Samsung
[9] R4-1909225    “Beam Correspondence in poor SNR conditions”, Sony
[10] R4-1909219    “Beam Correspondence, SNR versus RSRP”, Sony, Ericsson
[11] [bookmark: _Ref31898241]R1-1909202	“Discussion on multi-beam enhancement”, NTT DOCOMO, INC.

image1.emf

