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1	Introduction 
Beam correspondence is one of the items to be enhanced in Rel-16 NR FR2 requirements enhancement WI. In current WI scope [1], Rel-16 beam correspondence enhancement is focusing on SSB only based BC and/or CSI-RS only based BC. In previous RAN4 meetings, more enhancement is also discussed including UE measurement reporting-based enhancement and initial access enhancement. In this paper we further discuss UE measurement reporting-based enhancement to Rel-16 Beam correspondence.
2	Current status on Rel-16 BC discussion 
In the current WI scope [1], Rel-16 beam correspondence is focusing on SSB based BC and/or CSI-RS based BC.
· FR2 UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL reference signal (SSB or CSI-RS) configured by the network [RAN4]
· This work is started after RAN#84 when the Rel-15 Beam Correspondence requirements are completed
· UE capability for supporting SSB based on BC and/or CSI-RS based on BC will be further discussed in WI phase.
· These requirements are only valid from Rel-16 onwards


Based on the discussion in RAN4#93 meeting, it is still controversial whether it is feasible to specify SSB based BC; There is consensus in RAN4 to specify requirements for CSI-RS based BC but the discussion on feasible test method to achieve “CSI-RS only” condition is still ongoing and there is no practical method yet to achieve “CSI-RS only” condition. Though there are still open issues, RAN4 tentative agreement is to reuse Rel-15 BC requirements but just to apply new side conditions to Rel-16 BC. However, based on current companies’ proposals in RAN4, the objective of BC enhancement in Rel-16 WID is hard to be completed with practical usage and satisfactory performance enhancement.
More enhancements to Rel-16 BC were discussed in RAN4#92bis meeting and have been captured in the WF [2] as following:
· Two enhancements were proposed:
· Enhancements to measurement reporting [2]:
· Network makes use of UE reported L1-RSRP to roughly improve beam correspondence performance
· 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
· Introduction of a requirement on beam correspondence for initial access [5]:
· UE spherical coverage for PRACH transmissions (power class 3)
· Radiated spherical coverage sensitivity requirement on RAR (Msg2) reception
· Considering that verification of BC at initial access through open loop power control test would require significantly improved accuracy of the core requirement
· During the RAN4 #93 meeting RAN4 will discuss whether these enhancements are in the scope of the WID


During RAN4#93 meeting, UE measurement reporting-based beam correspondence enhancement is further refined to the scheme with the aid of L1-SINR reporting [3], which utilize the Rel-16 eMIMO feature and has the merit of avoiding introducing new signaling in Rel-16. Based on RAN4 chairman’s guidance, the alternative enhancements will be proposed to RAN plenary and whether or not to be included in Rel-16 BC in existing WI scope will be up to RAN plenary’s decision.
3	UE measurement reporting-based enhancement to Rel-16 BC
As mentioned in clause 2, the bottleneck for CSI-RS based BC is how to achieve “CSI-RS only” condition. Since it is the common understanding that SSB cannot be simply deprived in CSI-RS base BC test, other two methods are regarded as candidate ways to achieve “CSI-RS only” testing environment in the WF [4] of RAN4#93 meeting:
· How to achieve “CSI-RS only” condition
· Method-1: DUT is configured with an active BWP containing no SSB
· Method-2: SSB in wide beam and CSI-RS in fine beam from TE
· Method-3: SSB and CSI-RS are present, but SSB’s PSD is back-off by XdB from CSI-RS
· X will be chosen during the RAN4#94 meeting
· A single method will be chosen during the RAN4 #94 meeting


Method-1 is making use of BWP to make SSB totally absence in the active BWP, however, UE will have to switch back and forth to receive SSB frequently which will make beam correspondence test unstable, moreover, for UE supporting maximum bandwidth (e.g., 400MHz), Method-1 is not applicable.
Method-3 uses the PSD difference to simulate SSB in wide beam and CSI-RS in fine beam in testing environment to achieve a “pseudo CSI-RS-only” condition. With current DL RS signal configuration scheme, in many AoAs (e.g., peak direction), the SSB SNR will be high enough for UE to perform BC based on SSB instead of CSI-RS, therefore even the targeted “pseudo CSI-RS-only” condition is not achievable.
Both method-1 and method-3 are not good enough to achieve “CSI-RS only” condition for testing, so the alternative enhancement way is required for this purpose, and UE measurement reporting enhancement-based BC has the merit to overcome the bottleneck in “CSI-RS only” condition.
Observation 1:	Based on current RAN4 discussion, achieving “CSI-RS only” condition for CSI-RS based BC is difficult, and the alternative enhancement way is required.
Based on our analysis [3], the current Rel-15 beam correspondence framework has the following limitation: 
· Beam correspondence can only be guaranteed under certain SNR condition. 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 in Rel-15, as a result, network may enable UE to do UL beam sweeping even it is not necessary which will be a waste of resource; When SNR is very poor, even FG2-20 bit-1 UE loses autonomous beam correspondence capability, however, network only knows UE’s beam correspondence capability is bit-1 but have no idea of UE’s poor SNR status in Rel-15, as a result, network may not enable UE to do UL beam sweeping timely which may lead to beam failure frequently.
In Rel-16 MIMO enhancement, the measurement reporting for L1-SINR is introduced, which could help to alleviate the above Rel-15 beam correspondence issue. Based on different L1-SINR reporting values, network can decide whether to enable UL beam sweeping; if UL beam sweeping is enabled, network can allocate adaptively how many SRS resources to UE for UL beam sweeping based on different L1-SINR reporting values. With this enhancement, Rel-16 beam correspondence will have the advantage of saving network resource and improving robustness of beam correspondence.
Based on our proposal, smaller number of SRS resource number (smaller than 8 as specified for Rel-15 BC) will be used if higher L1-SINR (than certain threshold) is reported from UE side. Based on this, NW can configure appropriate number of SRS resource based on BC Bit-0 UE’s reporting, and from UE requirement perspective, BC bit-0 UE should guarantee better performance if better SNR condition is met. 
Observation 2:	L1-SINR measurement reporting-based beam correspondence has the merits of saving network resource and improving robustness of beam correspondence.
During Rel-15 discussion, BC bit-0 (beamCorrespondenceWithoutUL-BeamSweeping = 0) UE is regarded by many NW vendors and operators as UE implementation with compromised performance. In Rel-16 RAN4 discussion, there were different views on how to handle BC bit-0  UE in Rel-16. Some companies hope to keep BC bit-0 UE in Rel-16 as it has no relationship with SSB only or CSI-RS only, while there is also company supporting to set BC bit-1 as mandatory. As a compromise, we propose to still keep BC bit-0 UE in Rel-16 and also make enhancement to BC bit-0 UE. The above-mentioned L1-SINR measurement reporting-based beam correspondence for BC bit-0 UE will have smaller performance gap compared with bit-1 UE, which can further improve network performance. 
It should be noted that the performance enhancement is only based on new UE RF requirement in RAN4 spec, i.e., different number of SRS-resource number under different SNR condition, with the changed testing method. Based on that, better performance can be guarantee while no new signaling is needed. 
Observation 3:	UE measurement reporting (L1-SINR)-based enhancment can improve BC bit-0 UE’s performance in Rel-16 without introducing new signaling. 
As analyzed in [3], UE measurement reporting enhancement not only can save network resource in real network, but also can save test time under test condition for BC bit-0 UE. During Rel-15 beam correspondence tolerance simulation, RSRP error (corresponding to SNR) is assumed the same for each AoA and accordingly a fixed M_SRS value is used for uplink beam sweeping; however, in beam correspondence RF test condition which is UE noise-limited, the SNR for different AoA is different. To compensate different SNR under different AoA, the M_SRS value for uplink beam sweeping can be reduced based on UE measurement reporting (L1-SINR). 
Observation 4:	UE measurement reporting (L1-SINR)-based enhancment is testable and a large amount of test effort can be saved. 
Based on above analysis, we can see that UE measurement reporting (L1-SINR)-based enhancement to Rel-16 is necessary and beneficial. So we have following proposal
Proposal 1:	UE measurement reporting (L1-SINR)-based beam correspondence enhancement shall be introduced to Rel-16 BC in UE RF enhancement work item.
4	Conclusions
Observation 1:	Based on current RAN4 discussion, achieving “CSI-RS only” condition for CSI-RS based BC is difficult, and the alternative enhancement way is required.
Observation 2:	L1-SINR measurement reporting-based beam correspondence has the merits of saving network resource and improving robustness of beam correspondence.
Observation 3:	UE measurement reporting (L1-SINR)-based enhancment can improve BC bit-0 UE’s performance in Rel-16 without introducing new signaling. 
Observation 4:	UE measurement reporting (L1-SINR)-based enhancment is testable and a large amount of test effort can be saved. 
Proposal 1:	UE measurement reporting (L1-SINR)-based beam correspondence enhancement shall be introduced to Rel-16 BC in UE RF enhancement work item.
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