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1 Introduction 
A WF on SSB and CSI-RS based beam correspondence tests has been agreed in RAN4#93. How RAN4 should specify SSB based BC requirements depends on the following considerations:
· Side condition feasibility
· Common understanding of UE behavior
· Performance difference with SSB + CSI-RS based BC
In this contribution, the performance differences between SSB only and SSB+CSI-RS based BC are compared
2 On SSB and SSB+CSI-RS based BC 	
It is noted that the discussion in this paper focuses more on bit-1 UE. How to extend the related conclusions to bit-0 UE can be further discussed. In Rel-15 BC, to meeting the related requirement, both SSB and CSI-RS are assumed available for UE. It is up to UE how to use either of them or both for BC.
Even though BC is based on L1-RSRP, the Rx codebook size for SSB and CSI-RS can still be significant different. For SSB based L1-RSRP, total 8Rx beams are assumed, i.e. N=8 for the measurement period TL1-RSRP_Measurement_Period_SSB defined in Table 9.5.4.1-1, TS38.133. Since UE cannot assume QCL between SSB used for L3 measurement and SSB for L1 measurement, Rx refinement for SSB cannot be easily assumed. Meanwhile, SSB based L3 measurement is critical to comply with in order to guarantee UE’s mobility performance. Due to this reason, it has been specified in TS38.133 that up to 24 SMTC can be used for cell detection and measurement, respectively. That means it is unrealistic to implement more than 8 Rx beams. Further increasing the number of Rx beam for SSB measurements including L1-RSRP and L3 can jeopardize the measurement accuracy and/or delay. 
Observation 1: It is unrealistic to assume the codebook size of Rx beamforming for SSB measurement more than 8. Rx refinement for SSB based L1 and L3 measurement cannot be easily assumed too.
The situation for CSI-RS based measurement is quite different. CSI-RS based Rx refinement for L1-RSRP can be realized by P1/P2/P3 CSI-RS configurations. Even for L3 measurement, it is noted that there is no CSI-RS L3 measurement/reporting requirements in Rel-15. Therefore, UE has the flexibility to implement large codebook for Rx beamforming. It is also reasonable to assume the restriction on Rx beam sweeping can be largely relaxed for CSI-RS measurement since UE’s mobility performance can be maintained by SSB based L3 measurement. Rel-15 UE can take advantage this by configuring denser Rx beam sweeping for CSI-RS than SSB.
Observation 2:  The effective codebook size of Rx beamforming for CSI-RS measurement can be much larger than SSB’s due to Rx refinement and potential relaxed measurement delay requirements.
As one of considerations to specify SSB based BC requirements, it is important to understand the performance differences between SSB only and SSB+CSI-RS based BC. In this contribution, numerical analysis is taken with different RX beam and SNR configurations. Denser Rx beam sweeping can benefit BC performances from two view points. One is the beamforming gain and the other is the RSRP measurement accuracy. 
On top of the agreed WF in R4-1916172, some clarifications on the simulations setup are summarized as follow
· SSB SNR level is specified as per antenna elements. Depending on Rx antenna array configuration, additional Rx beamforming gain should be considered to derive the baseband SNR for RSRP measurement.
· Additional RSRP measurement inaccuracy margin due to implementation is also considered. In the simulations, implementation margin is uniformly distributed within [-X dB, +X dB], where X=2 or 4. 
· P3 CSI-RS is not considered in the evalatuion of SSB-only based BC performance.
· Different antenna array configurations are evaluated.
· The evaluation matric are defined as the CDF of 50-percentile EIRP differences between SSB based and SSB+CSI-RS based BC.
· Different size of Rx beam codebooks are assumed for SSB and CSI-RS measurement. More specifically, codebook size of 4 and 8 are considered for SSB related Rx beam sweeping and codebook size of 16 and 32 are assumed for CSI-RS related Rx beam sweeping.   

The detailed simulation procedure can be described as follow
For ue_cnt = 1 To num_UE
For sample = 1 To num_sample_in_a_sphere
   Measure RSRP_SSB over Rx beams in SSB_CODEBOOK
   Find SSB_rx_beam by maximizing RSRP_SSB
   Find SSB_tx_beam by adding UL mismatch to SSB_rx_beam
   Measure EIRP_SSB(sample)

   Measure RSRP_CSIRS over Rx beams in CSIRS_CODEBOOK
   Find CSIRS_rx_beam by maximizing RSRP_CSIRS
   Find CSIRS_tx_beam by adding UL mismatch to CSIRS_rx_beam
   Measure EIRP_CSIRS(sample)
END
50-percentile_EIRP_loss_SSB_wrt_CSIRS(ue_cnt) = 50-percentile (EIRP_CSIRS) - 50-percentile(EIRP_SSB)
END
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Figure 1: 50%-tile EIRP loss between SSB and SSB+CSI-RS based BC with different RSRP implementation margin, 2x2 antenna array aonfiguration
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Figure 2: Figure 1: 50%-tile EIRP performance loss between SSB and SSB+CSI-RS based BC with different RSRP implementation margin, 4x1 Antenna Array Configuration
The observation of the EIRP differences at 90% can be summarized as in Table 1-4.
Table 1: 50-percentile EIRP Loss at 90-percentile with 4 Rx beams per array for SSB and 16 Rx beams per array for CSI-RS
	
	SSB SNR Level
	EIRP Loss (dB) with zero RSRP margin
	EIRP Loss (dB) with Implementation Margin of 2dB for RSRP
	EIRP Loss (dB) with Implementation Margin of 4dB for RSRP

	Antenna array with 2x2 Dual-Pol elements
	6dB
	3.4
	4.7
	4.5

	
	13dB
	2.2
	2.1
	2.0

	Antenna array with 4x1 Dual-Pol elements
	6dB
	3.3
	3.1
	4.0

	
	13dB
	2.2
	1.9
	1.8



Table 2: 50-percentile EIRP Loss at 90-percentile with 8 Rx beams per array for SSB and 16 Rx beams per array for CSI-RS
	
	SSB SNR Level
	EIRP Loss (dB) with zero RSRP margin
	EIRP Loss (dB) with Implementation Margin of 2dB for RSRP
	EIRP Loss (dB) with Implementation Margin of 4dB for RSRP

	Antenna array with 2x2 Dual-Pol elements
	6dB
	2.5
	2.9
	3.3

	
	13dB
	1.7
	1.6
	1.8

	Antenna array with 4x1 Dual-Pol elements
	6dB
	1
	1
	1.6

	
	13dB
	0.8
	0.5
	0.6




Table 3: 50-percentile EIRP Loss at 90-percentile with 4 Rx beams per array for SSB and 32 Rx beams per array for CSI-RS
	
	SSB SNR Level
	EIRP Loss (dB) with zero RSRP margin
	EIRP Loss (dB) with Implementation Margin of 2dB for RSRP
	EIRP Loss (dB) with Implementation Margin of 4dB for RSRP

	Antenna array with 2x2 Dual-Pol elements
	6dB
	3.6
	4.0
	5.1

	
	13dB
	2.6
	2.2
	2.4

	Antenna array with 4x1 Dual-Pol elements
	6dB
	3.4
	3.5
	5.0

	
	13dB
	2.4
	2.1
	2.1



Table 4: 50-percentile EIRP Loss at 90-percentile with 8 Rx beams per array for SSB and 32 Rx beams per array for CSI-RS
	
	SSB SNR Level
	EIRP Loss (dB) with zero RSRP margin
	EIRP Loss (dB) with Implementation Margin of 2dB for RSRP
	EIRP Loss (dB) with Implementation Margin of 4dB for RSRP

	Antenna array with 2x2 Dual-Pol elements
	6dB
	2.8
	3.1
	3.6

	
	13dB
	1.9
	1.8
	2.2

	Antenna array with 4x1 Dual-Pol elements
	6dB
	1
	1.2
	2.3

	
	13dB
	0.8
	0.6
	0.7



Observation 3: To be consistant with SNR assumption of Rel-15 BC requirement, 6dB of SSB SNR should be considered.
Observation 4: Up to 4.7 dB EIRP performance degradation are observed for 2x2 array with different  RSRP implementation margin.
Observation 5: Up to 5.0 dB EIRP performance degradation are observed for 4x1 array with different RSRP implementation margin.
Proposal: Considering a significant EIRP spherical performance degradation with SSB based BC, there can be two options 
Option 1: Introduce a performance relaxation margin for SSB based BC. The exact margin is TBD
Option 2: No specify the requirements for SSB based BC.
4 Conclusion
In this contribution, it is observed that
Observation 1: It is unrealistic to assume the codebook size of Rx beamforming for SSB measurement more than 8. Meanwhile, Rx refinement for SSB based L1 and L3 measurement cannot be easily assumed too.
Observation 2:  The effective codebook size of Rx beamforming for CSI-RS measurement can be much larger than SSB’s due to Rx refinement and potential relaxed measurement delay requirements.
Observation 3: To be consistant with SNR assumption of Rel-15 BC requirement, 6dB of SSB SNR should be considered.
Observation 4: Up to 4.7 dB EIRP performance degradation are observed for 2x2 array with different  RSRP implementation margin.
Observation 5: Up to 5.0 dB EIRP performance degradation are observed for 4x1 array with different RSRP implementation margin.
Consequently, it is proposed 
Proposal: Considering a significant EIRP spherical performance degradation with SSB based BC, there can be two options 
Option 1: Introduce a performance relaxation margin for SSB based BC. The exact margin is TBD
Option 2: No specify the requirements for SSB based BC
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