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1 Background
SNR side condition of Rel-15 beam correspondence was discussed in RAN4#92 meeting and it was agreed in [1] that the side condition for beam correspondence test condition is that SNR>=6.0 dB, reproduced as following:Agreement: 
For BC test condition:
SNR for DL reference signals shall be >= 6.0 dB for all grid points that satisfy spherical coverage requirement.

During the discussion of NR FR2 RF enhancement WI in RAN4#92 meeting, there was consensus that SNR side condition will be also specified for Rel-16 beam correspondence.
[bookmark: _Ref4666338]So the beam correspondence performance may not be guaranteed due to worse L1-RSRP measurement accuracy when SNR side condition is not met, and the UE behavior under low SNR condition is unclear. Similar issue was raised in [2] in last RAN4 meeting but not treated. In this paper we analyze the potential issue of UE beam correspondence under practical SNR condition, and finally we propose to consider practical SNR scenario to enhance beam correspondence in Rel-16.
Discussion
From the perspective of RF test, UE’s beam correspondence performance can be guaranteed by configuring SNR side condition in test system. The purpose of RAN4 requirement is to ensure UE with qualified performance aligned with practical usage under real network. However, in real network the SNR condition is varying and the SNR side condition for beam correspondence is not always met. With the prerequisite of SNR side condition, it can be concluded that Rel-15 beam correspondence requirements can not fully ensure UE’s beam correspondence performance in real network.
[bookmark: _Ref1149432]Observation 1:	With the prerequisite of SNR side condition, it can be concluded that Rel-15 beam correspondence requirements can not fully ensure UE’s beam correspondence performance in real network.
When SNR is very good, even FG2-20 bit-0 UE has the ability to perform autonomous beam correspondence without UL beam sweeping, however, network only knows UE’s beam correspondence capability is bit-0 but have no idea of UE’s good SNR status. As a result, network may enable UE to do UL beam sweeping even it is not necessary which will be a waste of resource. The beam correspondence tolerance simulation results in [3] also indicate that there is high possibility of ΔEIRPBC =0 where UL beam sweeping is not necessary, reproduced in the following figure:
[image: ]ΔEIRPBC =0
Fig.2-1 ΔEIRPBC CDF in beam correspondence tolerance simulation campaign in [3]

When SNR is getting poor, even FG2-20 bit-1 UE could not maintain autonomous beam correspondence. However, network only knows UE’s beam correspondence capability is bit-1 but have no idea of UE’s bad SNR status. As a result, network may not timely enable UE to do UL beam sweeping and thus beam failure and beam recovery occurs frequently.
Observation 2:	No matter for bit-0 or bit-1 UE, it is not enough for network to only know UE’s beam correspondence capability, otherwise there will be waste of system resource or deterioration of system performance.
On the other hand, when SNR is getting poor, FG2-20 bit-0 UE may need more SRS resource to do UL beam sweeping. Currently in the Rel-15 beam correspondence, a fixed SRS resource value M=8 is applied for UL beam sweeping under the precondition of SNR>=6.0 dB. An adaptive SRS resource allocation based on SNR condition is one of the choice to optimize beam correspondence performance.
Observation 3:	a fixed SRS resource value M=8 for UL beam sweeping may be not enough for Rel-16 beam correspondence considering SNR condition. 
Based on above analysis, we can see the necessity of beam correspondence enhancement considering SNR condition. Since beam correspondence enhancement is one of the objectives of NR FR2 RF enhancement WI, it is proposed that RAN4 study the beam correspondence enhancement based on SNR conditions to match with practical network in Rel-16.
[bookmark: _Ref1149451]Proposal 1:	RAN4 study the beam correspondence enhancement based on SNR conditions to match with practical network in Rel-16.
Looking through the issues in observation 1/2/3, one of the key point is that network have no idea of UE’s SNR status since UE’s SNR is not signaling to network. Instead, L1-RSRP measurement result is UE-reported item. Though L1-RSRP is different from SNR, L1-RSRP can also reflect DL signal status to some extent. By making use of UE reported L1-RSRP, beam correspondence can be improved in real network.
After all L1-RSRP can not directly reflect the exact SNR condition, one better approach is dynamic signaling from UE to network. UE can signal the UE measured SNR, and/or the necessity of UL beam sweeping, and/or the exact SRS resource number needed. Consequently, the beam correspondence performance will be more robust to match with practical usage.
[bookmark: _Ref1149478]Proposal 2: 	To enhance beam correspondence in Rel-16 considering practical SNR condition, two alternatives are proposed as following, other methods are not precluded:
		Alternative-1: network makes use of UE reported L1-RSRP to roughly improve beam correspondence performance;
Alternative-2: add dynamic signaling from UE to network to accurately improve beam correspondence performance, e.g.: UE can signal to network the UE measured SNR, and/or the necessity of UL beam sweeping, and/or the exact SRS resource number needed.
Conclusion
Observation 1:	With the prerequisite of SNR side condition, it can be concluded that Rel-15 beam correspondence requirements can not fully ensure UE’s beam correspondence performance in real network.
Observation 2:	No matter for bit-0 or bit-1 UE, it is not enough for network to only know UE’s beam correspondence capability, otherwise there will be waste of system resource or deterioration of system performance.
Observation 3:	a fixed SRS resource value M=8 for UL beam sweeping may be not enough for Rel-16 beam correspondence considering SNR condition. 
Proposal 1:	RAN4 study the beam correspondence enhancement based on SNR conditions to match with practical network in Rel-16.
Proposal 2: 	To enhance beam correspondence in Rel-16 considering practical SNR condition, two alternatives are proposed as following, other methods are not precluded:
		Alternative-1: network makes use of UE reported L1-RSRP to roughly improve beam correspondence performance;
Alternative-2: add dynamic signaling from UE to network to accurately improve beam correspondence performance, e.g.: UE can signal to network the UE measured SNR, and/or the necessity of UL beam sweeping, and/or the exact SRS resource number needed.
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