[bookmark: Title][bookmark: DocumentFor][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 97-e 	R4-2015808
Electronic Meeting, 2-13 Nov., 2020

Source:	Sony, Ericsson
Title:	Remaining issues in beam correspondence 
Agenda item:	7.12.1.1
Document for:	Approval
1 Background
In RAN4 #95-e, the BC based on SSB and CSI-RS was further discussed. Based on the WF [1], it has been agreed that RAN4 should focus on the method of achieving BC based on CSI-RS by backing off the power of the SSB power by X dB from CSI-RS. However, the value of X is still open. In this contribution, we provide further input to justify a proper choice of X.
2 Discussion
Method of achieving BC based on CSI-RS
In the field, the SSB and CSI-RS beams often have different beam widths, which results in different RSRP levels at the UE side. To resemble the scenario above in a test chamber with a fixed probe beam width, it is possible to have the SSB being present within the same beam width of the CSI-RS beams but attenuated due to the lower antenna gain. Therefore, the CSI-RS test, as above, would be more of a "functional test" verifying that the UE is able to select its TX beam also based on the CSI-RS "only" with SSB attenuated. The UEs are likely to use CSI-RS, particularly for P3 (RX beam refinement), which somehow becomes similar to the Rel-15 BC test. 
Observation 1: Backing off the SSB PSD with X dB from CSI-RS PSD can emulate the real-life scenario.  
From all the possible methods to achieve the BC based on CSI-RS, Alt.1 "SSB and CSI-RS are present, but SSB's PSD is backed-off by X dB from CSI-RS" is the only one that can resemble  the real-life scenario discussed above. 
Based on preliminary field measurements, where a UE and gNB communicate over LoS in a distance about 100m. The UE is placed vertically, and its location remains unchanged during the test but with a rotation speed 40s/360deg over the horizontal plane. The UE reported RSRP difference between SSB and CSI-RS over a 60-degree section is shown in Table1 while maintain the connection:

[bookmark: _Hlk54262111]Table 1. The measured RSRP difference between SSB and CSI-RS over a 60-degree section
	Relative UE Rotation angle
	0°
	15°
	30°
	45°
	60°

	RSRP_CSIRS - RSRP_SSB
	8 dB
	7 dB
	11 dB
	10 dB
	9 dB



Observation 2: Based on real field measurements, a minimum 7 dB RSRP difference can be observed between SSB and CSI -RS beam under LOS propagation conditions. 
Based on the email discussion in [2], some concern regarding the possible testability issue has risen with low PSD of SSB signal. According to the discussion of side condition for Rel-15 beam correspondence test [3], the PSD of SSB and CSI-RS is derived according to the condition that at least 6 dB SNR can be guaranteed at 50% spherical coverage:
SNR for DL reference signals shall be >= 6.0 dB for all grid points that satisfy spherical coverage requirements. 
Therefore, backing-off the PSD 7 dB for SSB would still keep the SNR of SSB above -1 dB for Rel-16 BC based on CSI-RS. It should be noticed that a UE should meet the intra-frequency SSB RSRP measurement accuracy with an SNR larger than -6 dB within the spherical coverage angles in clause 10.1.3 in 38.133, where the corresponding RSRP measurement accuracy was taken as a reference value for deriving the BC requirement for Rel-15 [4].  Therefore, the connection between the UE and TE can be guaranteed with -1 dB SSB SNR for the grid points that satisfy spherical coverage requirements. 
Observation 3: The SNR of SSB will be >= -1.0 dB for all grid points that satisfy spherical coverage requirement if it is backed off by 7 dB PSD from Rel-15 DL reference signals side condition. The SNR level is feasible for BC test.  
For the grid points outside the spherical coverage requirement, since there is no requirement on the EIS level of those grid points, the gain on those measurement grid points can be much lower. Therefore, the connection between the TE and UE can be dropped anyway even if the SNR level of SSB is higher, and it should be allowed in a BC test.
In conclusion, the side condition of an SSB PSD backed off by 7 dB to CSI-RS would resemble a real field scenario and would not affect the BC test procedure. Therefore, the following proposal is given to finalize the side condition of BC based on the CSI-RS test: 
Proposal 1:	For Rel-16 BC based on CSI-RS, the SSB and CSI-RS are present with the SSB PSD backed-off by 7 dB from CSI-RS.
Applicability rules for Rel-16 BC 
According to agreed CR for Rel-16 BC [5], if a UE meets beam correspondence requirements either based on SSB or based on CSI-RS, it is considered to be compliant with the beam correspondence requirements based on SSB and CSI-RS. The rationale behind this proposal is that both BC based on SSB and BC based on CSI-RS are optional features. For example, one can design a UE that only use CSI-RS for the BM (beam management) without considering the BC for SSB at all, even though SSB is the only always-on DL reference signal for BM in a real network, which can be used for in both initial access and connected mode. Therefore, it should be noticed that Rel-16 UE can pass the RF test without verifying the BC based on SSB at all. 
Considering the importance of SSB for BC in both connected and initial access modes, we believe future enhancements on BC based on SSB are needed. 
Observation 4: According to the agreed applicability rules, a Rel-16 UE can pass the RF test without supporting the use of SSB-only for beam correspondence. Future enhancements are needed to guarantee the UE can support BC with SSB as SSB is the only always-on reference signal in the field. 
Additional test applicable rules have been proposed, where one candidate solution is considering that a UE can pass BC based on CSI-RS if the UE supports BC based on SSB. Technically speaking, those two-side conditions are not compatible. On the one hand, it is impossible to verify the BC based on CSI-RS from the BC based on SSB. The BC based on SSB is under a more stringent condition than BC based on CSI-RS, and the BC based on SSB is also more critical for  network operation. Since BC performance mainly depends on the SNR and RE number but not the type of RS signal, the BC based on SSB can partially verify the BC based on CSI-RS. Therefore, a further test reduction can be considered based on this condition. 
Observation 5: The BC based on SSB could partially verify the BC based on CSI-RS, considering the BC performance is mainly affected by the SNR and number of RE. 
3 Conclusion
In this paper, we further shared our views on the remain issue of Rel-16 BC, the following observation and proposals have been given: 

Observation 1: Backing off the SSB PSD with X dB from CSI-RS PSD can emulate the real-life scenario.  
Observation 2: Based on real field measurements, a minimum 7 dB RSRP difference can be observed between SSB and CSI -RS beam under LOS propagation conditions. 
Observation 3: The SNR of SSB will be >= -1.0 dB for all grid points that satisfy spherical coverage requirement if it is backed off by 7 dB PSD from Rel-15 DL reference signals side condition. The SNR level is feasible for BC test.  
Observation 4: According to the agreed applicable rules, a Rel-16 UE can pass the RF test without supporting the use of SSB for beam correspondence. Future enhancements are needed to guarantee the UE can support BC with SSB as SSB is the only always-on reference signal in the field. 
Observation 5: The BC based on SSB may partially verify the BC based on CSI-RS, considering the BC performance is mainly affected by the SNR and number of RE. 
Proposal 1:	For Rel-16 BC based on CSI-RS, SSB and CSI-RS are present, but SSB's PSD is backed-off by 7 dB from CSI-RS.
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