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1 Background
In RAN4 #95-e, the BC based on SSB and CSI-RS has been further discussed. Based on the email discussion [1], the major focus of BC based on SSB is still looped around the potential performance relaxation compared to the Rel-15 BC test: 
· How much performance relaxation, ∆p, relative to the condition which assumes both SSB and CSI-RS are present
· Option 1: Is feasible with ∆p = 0 dB
· Option 2: Is feasible with 0 < ∆p ≤ 3 dB
Meanwhile, the method of achieving BC based on CSI-RS is also still open for discussion [2]: 
· The method to achieve “CSI-RS only” condition:
· Alt 1: SSB and CSI-RS are present, but SSB’s PSD is backed-off by X dB from CSI-RS
· Continue discussing how to determine X
· Alt 2: Decrease SSB power until UE SSB based SS-SINR measurement reporting is ≤ [-3] dB
· A hybrid approach can be further discussed for Rel-16 BC based on CSI-RS
To our understanding, these are the most fundamental issues to finalize the BC enhancement for the Rel-16. In this contribution, we make proposals with a view to close these issues and finalize requirements for the Rel-16.
2 Discussion
Performance Requirement of SSB only BC
The goal of the WID for FR2 UE beam correspondence enhancement is to ensure that the UE can perform BC based on DL reference signals (SSB or CSI-RS) configured by the network. For SSB based beam correspondence test, the UE must perform BC and be able to form a “fine” beam since beam management CSI-RS is not compulsory for gNB to configure. We note that, since SSB signals are transmitted periodically by the network, as long as the direction of DL signal is stable, the UE can use those reference signals to refine its spatial filters. A specific example of how UE can refine its beam based on SSB has been given in the email discussion from RAN4#95-e under the Issue 1-1-5 [1]. Therefore, there is no feasibility issue for SSB only BC test.
Observation 1: 	It is feasible that a UE can perform beam refinement based on SSB. 
Based on the observation above, we further discuss the potential performance difference between SSB only BC and SSB + CSI-RS BC
1. The ability of a UE to transmit with an optimal uplink beam mainly relies on the L1-RSRP estimation accuracy of the DL signals. The test probe is the same for the SSB and the CSI-RS beams, and the test is carried out in a line-of-sight propagation condition. Furthermore, the accuracy of the L1-RSRP estimation depends on the received signal SINR and the number of resource elements (REs) that the UE can use. In other words, different types of DL reference signals show no impact on the RSRP accuracy if the RE number and SINR are the same.
Observation 2: 	There is no inherent difference in terms of beam correspondence performance between types of DL reference signals.

2. The different number of resource blocks (RBs) or REs in the Rel-15 BC test (SSB + CSI-RS) and the Rel-16 BC test (SSB only and CSI-only) can, however, potentially affect the performance. The L1-RSRP can be seen as an averaged received signal strength over multiple REs. In a noisy environment, the estimated RSRPs are distorted, and a number of REs are needed to get an accurate estimation of the L1-RSRP. Simulations of the standard deviation of estimates of RSRP as a function of the number of REs at SNR = 6 dB and SNR = -1 dB are summarized in Table. I, detailed simulation setup can be found in [3].

Table. I. The standard deviation of estimates of RSRP with different numbers of REs 

	Number of REs
	2
	5
	10
	20
	Rel-15 Assumption

	SNR = 6 dB
	2 dB
	1.2 dB
	0.8 dB
	0.6 dB
	[1.5-2] dB

	SNR = -1 dB
	3.1 dB
	1.8 dB
	1.3 dB
	0.9 dB
	

	SNR = -7 dB
	3.5 dB
	2 dB
	1.4 dB
	1 dB
	



There is no doubt that an increased number of REs can improve the RSRP estimation and further enhance the BC performance. However, to understand if any requirement relaxation would be needed for the Rel-16 BC compared to Rel-15, it is more meaningful to judge whether the Rel-16 side condition would be sufficient for the UE to meet the Rel-15 BC requirement. Therefore, we briefly recall how the Rel-15 beam correspondence requirement is derived:

· During the Rel-15 discussion, the RSRP error is assumed as being log-normally distributed with a standard deviation between 1.5 to 2 dB [4]. It can be observed that even with SNR = -7 dB (assuming SNR = 6 dB only achievable at peak direction), only a limited number of REs are needed to meet the assumption of RSRP error for Rel-15 BC requirement derivation.

· It is also worth mentioning that the Rel-15 BC tolerance requirement is derived based on a limited number of beams. The number of beams, M= 8, is selected for uplink beam sweeping for the Rel-15 BC test since no performance degradation was observed compared to a higher number of beams. 

· RF impairments have been taken into account in the Rel-15 BC requirement. Therefore, those factors should not introduce additional performance degradation in the Rel-16 BC requirement. 
Observation 3: 	Under the side condition of SNR = 6 dB with a finite number of beams, it is possible to meet the same RSRP error model, used for the Rel-15 BC requirement, for the Rel-16 requirements. Thus, no further performance relaxation is needed. 

3. The size of the codebook can be different between SSB and CSI-RS, where a smaller codebook size could be potentially used for SSB to meet the RRM requirement. A smaller codebook would typically degrade the spherical coverage performance, but the main question here is whether a relaxation would be needed for different practical codebook sizes. To examine on this point, the following simulation results on the antenna gain CDF are provided: A full phone model with two 1x4 antenna panels is selected. RSRP errors are modeled as a log-normal distribution (μ= 0 dB,   = 2 dB) and UL precoder errors are also included according to [5]. Please note that this simulation setup aligns with the simulation assumption for deriving the Rel-15 beam correspondence requirement [6]. In Table II, the lower boundaries on the 95% confidence level of the 50% antenna gain CDF with 1000 iterations are provided. It can be observed that there is no significant difference in the 50% antenna gain with different codebook sizes.


Table II The 95% confidence level on 50% of antenna gain CDF
	Number of codebook per antenna panel
	4
	6
	8
	16

	The 95% confidence level on 50% CDF antenna gain (dBi)
	9.1 
	9.42
	9.8 
	9.82 




Observation 4: 	The degradation due to limited code-book size of spherical coverage performance is marginal, which does not require further relaxation on the beam correspondence requirement.  




Based on the discussion above, the following proposal is given for BC based on SSB:

Proposal 1:        BC based on SSB requirement is feasible, and there is no performance relaxation needed using the same side condition as in Rel-15.  

Apart from the technical argument above, if the Rel-16 BC based on SSB would adopt a more relaxed requirement due to the reduction on the number of RE, it can hardly be seen as an “enhancement” compared to Rel-15 BC. Such a test is more likely to leverage the performance requirement with different side conditions, which may increase the test time but without giving enough information to the network.  

Observation 5: 	Relaxing the requirement of BC based on SSB may lead the test results less valuable for verification of operations in the field. 
Method of achieving BC based on CSI-RS
In the field, the SSB and CSI-RS beams usually have different beamwidths, and not necessarily LOS condition without scattering like in a test chamber. SSB is likely to be present but attenuated within the beamwidth of some of the CSI-RS beams. However, for the BC test with a single test probe in the test chamber, the performance is mainly a question of the achievable L1-RSRP estimate. Therefore, the CSI-RS test as above would be more of a “functional test” that the UE can 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. 
From all the possible methods to achieve the BC based on CSI-RS, the 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 represent the real-life scenario discussed above. Based on our field measurements, the range of X from 7-9 dB is a reasonable assumption. Compared to other methods that have been proposed, this method causes the least technical open issues, which is critical to finalize the Rel-16 WI on time. 
Proposal 2:	SSB and CSI-RS are present, but SSB’s PSD is backed-off by 7-9 dB from CSI-RS.
A hybrid approach has also been brought up in RAN4#95-e [2], where the PSDs of SSB and CSI-RS are configured differently at each angle so that SSB SNR at all AoA are low and CSI-RS SNR are at its target SNR (6dB) at all AoA. Comparing to the previous method where the PSD is backed off by X dB from CSI -RS, this hybrid method aims to achieve a constant SNR difference in the baseband rather than a constant PSD difference over the air. To our understanding, such a side condition with the hybrid method could reasonable ensure the UE can use the CSI-RS rather than SSB. However, the possible test method and the corresponding testability issues need to be clarified. 
· The baseband SNR varies from angle to angle due to the antenna gains variation. Thus, it is difficult to ensure a side condition with constant SNR over all the measurement points. Possible ways to guarantee the SNR condition for arbitrary UE implementation is to measure antenna gain pattern prior to the beam correspondence test or adopt a UE feedbacked SNR information in the test. 
· It is also questionable if the target SNR is achievable on all the spatial points since the antenna gain may drop to a deficient level on some angles: one possible solution could be that only testing the beam correspondence within the spherical coverage regions (top 50%). Similarly, it is also questionable that whether the target SNR would be achievable without artificial noise around the peak gain area. 
· We also note that the hybrid approach aims to achieve a test environment that is artificial. In the field, the SNR is different from angle to angle, and thus it is questionable if such a test resembles real-life performance of a UE. 
If the majority in RAN4 are in favour of the side condition with constant SNR difference, the possible test method and testability issues can be further investigated in RAN4/5. 
Observation 6: Open issues related to the test method and the testability of the hybrid method need to be further investigated.  
Test applicability of Rel-16 BC
Considering the large number of BC tests (the Rel-16 BC based on SSB, the Rel-16 BC based on CSI-RS, and the Rel-15 BC), test reduction is necessary. However, this issue is highly related to the requirement of the BC based on SSB, which shall be determined first. 

If the same side condition as Rel-15 can be re-used (or more stringent) for Rel-16 BC without requirement relaxation, then the Rel-15 BC test can be skipped if the UE passes Rel-16 BC based on SSB or BC based on CSI-RS tests. 

Proposal 3: 	Rel-15 BC test is declared automatically passed if a UE passes the Rel-16 BC based on SSB or the Rel-16 BC based on CSI-RS using the same (or more stringent) side condition as in Rel-15. 
On the other hand, if BC based on SSB is not agreed to be tested, due to the ongoing feasibility discussion, there is a risk that the SSB related BC will not be verified at all for Rel-16 UEs. SSB is the only always-on DL RS, and it is also the only available RS for initial access. BC during initial access is crucial for RACH performance and preamble coverage, and there is no beam management available, like for the connected-mode tests discussed above. Therefore, if BC based on SSB would not be adopted at all or defined with performance relaxation, we propose that the Msg.1 EIRP shall be met separately. 
Proposal 4: 	Msg.1 EIRP shall be met separately unless SSB-based BC is defined without relaxation.
In a real network, in a poor SNR/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. On the other hand, the SNR/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. 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 (and meet the spherical coverage requirement) to ease the way of early launching for FR2 UEs. However, in light of the discussion above, it is questionable whether it is useful for the network to know such a UE capability. Therefore, for the 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. 
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3 Conclusion
In this paper, we further shared our views on SSB only BC test, the following observation and proposals have been given: 

Observation 1: 	It is feasible that a UE can perform beam refinement based on SSB. 
Observation 2: 	There is no inherent difference in terms of beam correspondence performance between types of DL reference signals.
Observation 3: 	Under the side condition of SNR = 6 dB with a finite number of beams, it is possible to meet the same RSRP error model, used for the Rel-15 BC requirement, for the Rel-16 requirements. Thus, no further performance relaxation is needed. 
Observation 4: 	The degradation due to limited code-book size of spherical coverage performance is marginal, which does not require further relaxation on the beam correspondence requirement.  
Observation 5: 	Relaxing the requirement of BC based on SSB may lead the test results less valuable for verification of operations in the field. 
Observation 6: 	Open issues related to the test method and the testability of the hybrid method need to be further investigated.  
Proposal 1:        BC based on SSB requirement is feasible, and there is no performance relaxation needed using the same side condition as in Rel-15. 
Proposal 2:	SSB and CSI-RS are present, but SSB’s PSD is backed-off by 7-9 dB from CSI-RS.
Proposal 3: 	Rel-15 BC test is declared automatically passed if a UE passes the Rel-16 BC based on SSB or the Rel-16 BC based on CSI-RS using the same (or more stringent) side condition as in Rel-15. 
Proposal 4: 	Msg.1 EIRP shall be met separately unless SSB-based BC is defined without relaxation.
Proposal 5: 	A UE supporting Rel-16 BC based SSB and/or CSI-RS and indicating Rel-15 BC bit-0 UE is an invalid scenario and should not be allowed. For Rel-16 BC requirement, we propose to remove the bit 1 or 0 for beam correspondence.
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