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1 Background
In RAN4#92bis meeting, two more enhancements were discussed and captured in the WF [1], one is enhancement to measurement reporting, another is enhancement for initial access, reproduced as following:
· Two enhancements were proposed:
· Enhancements to measurement reporting:
· 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:
· 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

In this paper, we further refine our proposal on beam correspondence enhancement to measurement reporting. The sub items of this enhancement are narrowed down, the feasibility and necessity of the proposed enhancement is analyzed, and finally it is proposed to be taken into the WID scope.
On the other hand, how to handle beam correspondence tolerance and bit-0 UE is also a topic captured in the WF [1]. In this paper we also analyze this issue and propose to apply the aforementioned measurement reporting BC enhancement to bit-0 UE.
Discussion
BC enhancement with measurement reporting
Based on the discussion of last meeting, many companies have preliminary consensus on necessity of measurement reporting to overcome the drawback of Rel-15 beam correspondence. However, companies also show concerns on if L1-RSRP reporting works for the SNR related issue. We also recognize the issue and L1-RSRP reporting is given up.
Better than L1-RSRP, L1-SINR reporting is the proper one for beam correspondence enhancement to address the SNR condition issue. In Rel-15, L1-SINR is not specified. But in Rel-16 L1-SINR measurement and reporting will be specified in RRM core specification by the eMIMO work item. It is feasible to enhance Rel-16 beam correspondence by making use of L1-SINR reporting.
[bookmark: _Ref1149432]Observation 1:	In Rel-15, L1-SINR is not specified. But in Rel-16 L1-SINR measurement and reporting will be specified in RRM core specification by the eMIMO work item. It is feasible to enhance Rel-16 beam correspondence by making use of L1-SINR reporting.
As we know, beam correspondence can only be guaranteed under certain SNR condition. As discussed in [2][3], 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.
L1-SINR reporting can be used in Rel-16 beam correspondence to overcome above drawbacks. 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.
Observation 2:	After introducing L1-SINR reporting in Rel-16 beam correspondence, there will be benefits of saving network resource and improving robustness of beam correspondence.
As to the RF requirement and verification, in Rel-15 it is assumed the same RSRP error which indicates the same SNR for different measurement angle, therefore a fixed M_SRS value is used for EIRP2 testing. In fact, the SNR condition at UE baseband is different for different measurement angle. After L1-SINR reporting is introduced to Rel-16 beam correspondence, the EIRP2 measurement can be changed from fixed M_SRS value to adaptive M_SRS value depending on L1-SINR reporting. Table 2.1-1 is shown as an example for comparison.
Table 2.1-1 comparison of M_SRS value for EIRP2 between Rel-15 and Rel-16
	L1-SINR reporting value
	M_SRS value for Rel-15 EIRP2
	M_SRS value for Rel-16 EIRP2

	L1-SINR >= A
	8
	Adaptive, e.g. 0

	B =< L1-SINR < A
	8
	Adaptive, e.g. 2

	C =< L1-SINR < B
	8
	Adaptive, e.g. 4

	L1-SINR < C
	8
	Adaptive, e.g. 8



EIRP2 takes more test time then EIRP1 due to UL beam sweeping. According to above table, we can see that Rel-16 BC can save test time due to less M_SRS value per L1-SINR reporting. For BC bit-1 UE, EIRP2 is not necessary to be tested, so the enhancement has no impact to the requirement and verification for BC bit-1 UE, but BC bit-0 UE is enhanced and test time saving.
Observation 3:	After introducing L1-SINR reporting in Rel-16 beam correspondence, there will be no impact to the requirement and verification for BC bit-1 UE, but BC bit-0 UE is enhanced and test time saving.
Current WID scope for Rel-16 beam correspondence enhancement includes SSB only based BC or CSI-RS only based BC. There is consensus that Rel-15 requirements will be reused and only side condition need to be specified. And it is still controversial if both SSB only and CSI-RS only will be adopted. Under this situation, the enhancement from Rel-15 BC to Rel-16 BC seems not enough. As L1-SINR measurement and reporting is to be introduced in Rel-16 RRM core specification, it is the right timing to enhance Rel-16 BC with L1-SINR reporting.
Based on above discussion, we can conclude that it is feasible and necessary to enhance Rel-16 BC by making use of L1-SINR reporting and to take it into WID scope.
[bookmark: _Ref1149451]Proposal 1:	Introduce L1-SINR reporting in Rel-16 beam correspondence and take it into WID scope as Rel-16 beam correspondence enhancement.
BC capability
In last meeting beam correspondence capability discussion is also triggered but there is no consensus on how to handle BC bit-0 capability. There is contribution [4] proposing Rel-16 BC enhancement as optional feature for UE to support and Rel-15 BC is basic BC capability but make full beam correspondence (BC bit-1) mandatory. In this case, there will be many permutations of peak EIRP and spherical coverage test results. 
Assume a Rel-16 UE supports SSB only, CSI-RS only, and both SSB and CSI-RS based BC, there will be three sets of MOP (peak EIRP, spherical coverage) test results.
Table 2.2-1 UE example 1
	Reference signals
	MOP(peak EIRP, spherical coverage) test result

	SSB only
	MOPSSB

	CSI-RS only
	MOPCSI-RS

	SSB and CSI-RS
	MOPSSB&CSI-RS



Assume a Rel-16 UE supports SSB only, and both SSB and CSI-RS based BC, there will be two sets of MOP test results.
Table 2.2-2 UE example 2
	Reference signals
	MOP(peak EIRP, spherical coverage) test result

	SSB only
	MOPSSB

	SSB and CSI-RS
	MOPSSB&CSI-RS



Assume a Rel-16 UE supports CSI-only, and both SSB and CSI-RS based BC, there will be two sets of MOP test results.
Table 2.2-3 UE example 3
	Reference signals
	MOP(peak EIRP, spherical coverage) test result

	CSI-RS only
	MOPCSI-RS

	SSB and CSI-RS
	MOPSSB&CSI-RS



Assume a Rel-16 UE supports both SSB and CSI-RS based BC, there will be one set of MOP test results.
Table 2.2-4 UE example 4
	Reference signals
	MOP(peak EIRP, spherical coverage) test result

	SSB and CSI-RS
	MOPSSB&CSI-RS



Based on above tables, if BC capabilities are defined by different kinds of reference signals, the MOP results will become disordered. People may say just choosing the maximum one. Theoretically, MOPSSB&CSI-RS should be the maximum one. However, due to measurement uncertainty, MOPCSI-RS may be the maximum one. As reference signals configuration will also apply to other transmission test, in case of MOPCSI-RS as the maximum one, the absence of SSB or low signal power of SSB may lead other transmitter test case abnormal.
Moreover, too many sets of MOP test will double or triple the test work load which is very time consuming case (beam peak search, spherical coverage). In case MOPSSB or MOPCSI-RS can pass the MOP spec then we skip the MOPSSB&CSI-RS test, the MOP result may be sub-optional.
Observation 4:	if BC capabilities are defined by different kinds of reference signals, the MOP results will become disordered.
To overcome the disordered situation, in Rel-16 BC capability is better defined based on the intersection, i.e., both SSB and CSI-RS. MOP test result is determined by MOPSSB&CSI-RS. A Rel-16 UE may support SSB only based BC or CSI-RS only based BC, but BC capability FG2-20 (IE beamCorrespondenceWithoutUL-BeamSweeping) is still based on both SSB and CSI-RS, and MOP test is also based on both SSB and CSI-RS. 
Proposal 2:	Rel-16 BC capability (IE beamCorrespondenceWithoutUL-BeamSweeping) is still based on both SSB and CSI-RS, and MOP test is also based on both SSB and CSI-RS.
[bookmark: _GoBack]Just like many other transmitter requirements are only defined at beam peak direction, the requirement and verification of SSB based BC and CSI-RS based BC can be defined in a relative way in the beam peak direction obtained by both SSB and CSI-RS based BC, e.g., if abs(EIRPSSB&CSI-RS-EIRPSSB)@BeamPeakSSB&CSI-RS < X dB, then this UE support SSB only based BC; if abs(EIRPSSB&CSI-RS-EIRPCSI-RS)@BeamPeakSSB&CSI-RS < X dB, then this UE support CSI-RS only based BC.
Proposal 3:	if SSB only based BC and/or CSI-RS only based BC is defined in Rel-16, the requirement and verification can be defined in a relative way in the beam peak direction obtained by both SSB and CSI-RS based BC.
Based on above proposals, we still can see the necessity of BC bit-0 UE. After Rel-16 BC is enhanced with L1-SINR reporting, the beam correspondence performance is more matching to the practical network. BC bit-0 UE is obviously enhanced; for BC bit-1 UE, though EIRP2 is not necessarily to be tested in RAN4 requirements, EIRP2 is still meaningful and its BC performance in real network still benefits from the enhancement. We can see that the proposed enhancement can improve performance for both BC bit-0 and bit-1 UEs. The BC capability requirement in Rel-15 is worth reused in Rel-16, and the BC performance of different BC capabilities are all enhanced by introducing L1-SINR reporting, especially for BC bit-0 UE.
Proposal 4:	The BC capability requirement in Rel-15 is worth reused in Rel-16, and the BC performance of different BC capabilities are all enhanced by introducing L1-SINR reporting, especially for BC bit-0 UE.
Conclusion
Observation 1:	In Rel-15, L1-SINR is not specified. But in Rel-16 L1-SINR measurement and reporting will be specified in RRM core specification by the eMIMO work item. It is feasible to enhance Rel-16 beam correspondence by making use of L1-SINR reporting.
Observation 2:	After introducing L1-SINR reporting in Rel-16 beam correspondence, there will be benefits of saving network resource and improving robustness of beam correspondence.
Observation 3:	After introducing L1-SINR reporting in Rel-16 beam correspondence, there will be no impact to the requirement and verification for BC bit-1 UE, but BC bit-0 UE is enhanced and test time saving.
Proposal 1:	Introduce L1-SINR reporting in Rel-16 beam correspondence and take it into WID scope as Rel-16 beam correspondence enhancement.
Observation 4:	if BC capabilities are defined by different kinds of reference signals, the MOP results will become disordered.
Proposal 2:	Rel-16 BC capability (IE beamCorrespondenceWithoutUL-BeamSweeping) is still based on both SSB and CSI-RS, and MOP test is also based on both SSB and CSI-RS.
Proposal 3:	if SSB only based BC and/or CSI-RS only based BC is defined in Rel-16, the requirement and verification can be defined in a relative way in the beam peak direction obtained by both SSB and CSI-RS based BC.
Proposal 4:	The BC capability requirement in Rel-15 is worth reused in Rel-16, and the BC performance of different BC capabilities are all enhanced by introducing L1-SINR reporting, especially for BC bit-0 UE.
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