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1. Introduction
In RAN4#97-e meeting, there are some controversies about the feasibility of different BM types under different deployment. In this contribution, we try to use system level simulation to evaluate the performance case by case, on the one hand, to verify the feasibility of CBM in different situations, on the other hand, to compare the actual gains that IBM may bring.
2. Discussion
2.1 Assumptions & Methodology
In this paper, we provide initial simulation results of different scenarios for beam management with SLS, Table 1 lists our simulation parameters.
Table 1 Simulation assumptions for SLS
	Parameters
	Values

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around

	Inter-site distance
	200m 


	BS antenna height
	25 m

	UE location
	Outdoor/indoor
	Outdoor and indoor

	
	Indoor UE ratio
	20%

	
	Low/high Penetration loss ratio
	50% low loss, 50% high loss

	
	LOS/NLOS
	LOS and NLOS

	
	UE antenna height
	Same as 3D-UMa in TR 36.873

	Minimum BS - UE distance (2D)
	35 m

	Channel model
	UMa

	UE number per cell
	10

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). 
(dV, dH) = (0.5, 0.5) λ. 
(dg,V, dg,H) = (2.0, 4.0) λ

	UE Antenna Model1
	(Mg, Ng, M, N, P) = (1, 1, 2, 2, 2)
(dV, dH) = (0.5, 0.5) λ. 

	UE Antenna Model2
	Number/location of Panels
· 3 Panel UEs (left, right and back) 
Panel structure
· 1x4x2 



For simplicity, we just use RSRP as the metric to evaluate the performance of the different cases. In the simulation, lower frequency is always taken as PCC. For comparison of IBM and CBM. the SCC performance is compared for IBM/CBM.
Since the there is a frequency gap between the two CCs, in addition to the increase in path loss and penetration loss, it will also cause the degradation of the beam pattern for SCC in CBM. For example, considering the 1D full-connection model of array weight as follows, which from 38.897, 5.3.3 optoin2

In our understanding, the degradation of CBM is caused by  has changed when frequency switched but  remains the same, the change of the array weight will then distort the pattern, resulting in the problem like “beam squint”.
2.2. Performance under co-located deployment
The advantage of IBM is that UE can choose the best beam without the need to consider another CC, which is expected to achieve better performance. In the last meeting, there were some doubts about the benefits of using IBM compared to CBM for UE in co-located deployment, since, IBM is more likely to choose the same beam as CBM in this case. 
2.2.1 Same frequency group
Figure 1 shows the SCC RSRP gain of IBM compared to CBM with the same frequency group.
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Figure 1 SCC RSRP difference for IBM/CBM with same frequency group under co-location 

In this simulation, the ”28GHz+28GHz” uses the center frequency of CC1 is 24.25 GHz, and the center frequency of CC2 is 29.5 GHz, which is the largest gap within a frequency group (worst case) below 30GHz. The ”39GHz+39GHz” uses the center frequency of CC1 is 37 GHz, and the center frequency of CC2 is 43.5 GHz, which is also the largest gap within a frequency group (worst case) above 30GHz.
Table 1a SCC RSRP difference for IBM/CBM with same frequency group under co-location 
	
	
	Median
	95%-tile

	“28GHz+28GHz”
(24.25GHz+29.5GHz)
	Model 1 (wide beam)
	1.2 dB
	6.2 dB

	
	Model 2 (narrow beam)
	2.8 dB
	8.6 dB

	”39GHz+39GHz”
(37GHz+43.5GHz)
	Model 1 (wide beam)
	2.1 dB
	4.5 dB

	
	Model 2 (narrow beam)
	0.8 dB
	6.8 dB



The results show that for the same frequency group, using a wide receiving beam (UE antenna Model 1), the 95%-tile gain of IBM compared to CBM is about 4~6dB; If a narrower beam (UE antenna Model 2) is used, the gain will be larger, about 7~9dB. The reason for this difference is that the narrow beam is more affected by beam squint. In addition, we also noticed that there are cases where CBM performance is better than IBM, for Model 2 roughly 1/4 among all cases. This may because the frequency change not only leads to beam squint, but also makes the beam narrower and higher gain, which may make the RSRP of multipath superposition larger. Considering that Model2 may be the more common configuration in FR2, IBM's gain in this scenario is still significant. 
Observation 1: For co-located deployments, in the case of the same frequency group, IBM still has fairly significant gains in some cases compared to CBM, while generally the performance is similar for more cases.

We also count the percentage of UE that use the same Rx beam for CBM and IBM, the results show in Table 2.
Table 2 Percentage of UE that uses the same Rx beam
	
	Model 1
	Model 2

	“28GHz+28GHz”
(24.25GHz+29.5GHz)
	99.1%
	100%

	”39GHz+39GHz”
(37GHz+43.5GHz)
	99.8%
	100%



Our simulation results show that in this scenario, CBM and IBM will choose exactly the same Rx beam in most cases. This result also means that CBM can greatly reduce signaling overhead at this time by reducing beam indication.
Observation 2: For co-located deployments, in the case of the same frequency group, IBM and CBM will choose the same Rx beam in most cases.
We also compared the RSRP difference between the two CCs in this case, which is shown in Table 3.
Table 3 RSRP difference between PCC and SCC
	95%-tile
	
	Model1
	Model2

	28GHz+28GHz
(24.25GHz+29.5GHz)
	CBM
	8.5 dB
	10.7 dB

	
	IBM
	3.27 dB
	3.3 dB

	39GHz+39GHz
(37GHz+43.5GHz)
	CBM
	7.1 dB
	8.1 dB

	
	IBM
	3.35 dB
	3.3 dB



If the power difference between the two CCs is too large, serious blocking problems will occur, causing the CA to not work properly. Consider in the same frequency group, UE may receive the signal from different band by same antenna, the PSD imbalance as shown above is not negligible.
2.2.2 Different frequency group
Another scenario we evaluated is the different frequency group under co-located deployment, The Figure 2 shows the SCC RSRP gain of IBM in this case.
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Figure 2 SCC RSRP difference for IBM/CBM with different frequency group under the co-location
The ”28GHz+39GHz” means the center frequency of CC1 is 27.5 GHz, and the center frequency of CC2 is 40 GHz, which is the largest gap (worst case) in band combination n260-n261. We can see that in this case, IBM's gains are considerable, the 95%-tile gain of IBM can be as high as 17dB for narrow beam (Model 2). This also means that the performance of using CBM at this time will be poor. 

Table 4 SCC RSRP difference for IBM/CBM with different frequency group under co-location 
	
	
	Median
	95%-tile

	“28GHz+39GHz”
(24.25GHz+40GHz)
	Model 1 (wide beam)
	2.6 dB
	17.1 dB

	
	Model 2 (narrow beam)
	7.8 dB
	17.4 dB



Observation 3: For co-located deployments, in the case of the different frequency group, the degradation of CBM performance is significant. 
Similarly, we also counted the percentage of UE that uses the same Rx beam and RSRP difference between CCs in this case, which is shown in Table 5 and Table 6.
Table 5 Percentage of UE that uses the same Rx beam
	
	Model 1
	Model 2

	“28GHz+39GHz”
(24.25GHz+40GHz)
	98.4%
	100%



Observation 2a: For co-located deployments, in the case of the different frequency group, IBM and CBM will still choose the same Rx beam in most cases.

Table 6 RSRP difference between PCC and SCC
	95%-tile
	
	Model1
	Model2

	“28GHz+39GHz”
(24.25GHz+40GHz)
	CBM
	21.0 dB
	20.5 dB

	
	IBM
	7.0 dB
	7.2 dB


It can be found that in this case, IBM and CBM will also choose the same Rx beam, but the performance of CBM at this time has been severely degraded. The reason is that under the co-located deployment, CC with CBM can ensure the optimal Tx beam from BS, which was chosen by PCC in most cases. Since the frequency between the two CCs is very large, in addition to the increase in path loss and penetration loss, it will also cause the degradation of the pattern.
2.2.3 Summary
In summary, the UE in CBM under co-located deployment will choose the same Rx beam as IBM in most cases, but the performance can be significantly deteriorated, especially for different frequency group. In the last meeting, we propose to introduce Fs,inter [1] to restrict the frequency span between two CCs to ensure the minimum performance of CBM. From the simulation results, it is a useful method to study the value of Fs,inter in this case for compromise.
However, one disadvantage of Fs,inter is that different values may need to be defined for different frequency bands. Array weight is in exponential form. Compared with the absolute value of frequency change, the ratio between frequencies can more generally describe the deterioration of the CBM array gain. So use  as a metric to measure the performance of CBM is more reasonable, where 

[bookmark: _Hlk61620562]Proposal 1: For co-located deployments, use  to restrict the frequency span between two CCs to ensure the minimum performance of CBM.
In addition, we should also make it clear how much worse CBM performance is acceptable compared to IBM, so as to facilitate the measurement of the effectiveness of mitigation methods.
[bookmark: _Hlk61620471]Proposal 2: RAN4 should clarify the acceptable performance degradation of CBM.
2.3 Performance under non-co-located deployment
In this subsection, we try to evaluate the performance of different BM types under non-co-located deployment when considering a homogeneous network with the same frequency group. We also chose the same frequency combination as above. The result is as follows.
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Figure 3 SCC RSRP difference with same frequency group under non-co-location
Obviously, the performance degradation of CBM is huge. Even for a non-typical wide Rx beam, like Model 1, to mitigate the problem, the performance of CBM will still deteriorate up to more than 10 dB at 95%-tile for non-collocated case. 
Table 7 SCC RSRP difference for IBM/CBM with same frequency group under co-location 
	
	
	Median
	95%-tile

	“28GHz+28GHz”
(24.25GHz+29.5GHz)
	Model 1 (wide beam)
	4.3 dB
	12.7 dB

	
	Model 2 (narrow beam)
	7.7 dB
	27.6 dB

	”39GHz+39GHz”
(37GHz+43.5GHz)
	Model 1 (wide beam)
	3.9 dB
	11.8 dB

	
	Model 2 (narrow beam)
	7.5 dB
	27.5 dB



It can be predicted that the performance will be even worse with different frequency group. This also means that in the case of non-co-located deployment, only IBM may get better performance, and CBM can't work at all.

Observation 4: For non-co-located deployments, even using a wide beam cannot effectively alleviate the performance degradation of CBM.
Proposal 3：For non-co-located deployment, only IBM can be used in FR2 inter-band CA.
3. Conclusion
This contribution provides system simulation results and analysis for the feasibility of IBM and CBM, observation and our proposal as follows:
Observation 1: For co-located deployments, in the case of the same frequency group, IBM still has fairly significant gains in some cases compared to CBM, while generally the performance is similar for more cases. 
Table 1a SCC RSRP difference for IBM/CBM with same frequency group under co-location 
	
	
	Median
	95%-tile

	“28GHz+28GHz”
(24.25GHz+29.5GHz)
	Model 1 (wide beam)
	1.2 dB
	6.2 dB

	
	Model 2 (narrow beam)
	2.8 dB
	8.6 dB

	”39GHz+39GHz”
(37GHz+43.5GHz)
	Model 1 (wide beam)
	2.1 dB
	4.5 dB

	
	Model 2 (narrow beam)
	0.8 dB
	6.8 dB



Observation 2+2a: For co-located deployments, IBM and CBM will choose the same Rx beam in most cases, no matter same of different frequency group
Observation 3: For co-located deployments, in the case of the different frequency group, the degradation of CBM performance is significant. 
Table 4 SCC RSRP difference for IBM/CBM with different frequency group under co-location 
	
	
	Median
	95%-tile

	“28GHz+39GHz”
(24.25GHz+40GHz)
	Model 1 (wide beam)
	2.6 dB
	17.1 dB

	
	Model 2 (narrow beam)
	7.8 dB
	17.4 dB



Observation 4: For non-co-located deployments, even using wide beam cannot effectively alleviate the performance degradation of CBM.
Table 7 SCC RSRP difference for IBM/CBM with same frequency group under co-location 
	
	
	Median
	95%-tile

	“28GHz+28GHz”
(24.25GHz+29.5GHz)
	Model 1 (wide beam)
	4.3 dB
	12.7 dB

	
	Model 2 (narrow beam)
	7.7 dB
	27.6 dB

	”39GHz+39GHz”
(37GHz+43.5GHz)
	Model 1 (wide beam)
	3.9 dB
	11.8 dB

	
	Model 2 (narrow beam)
	7.5 dB
	27.5 dB



Proposal 1: For co-located deployments, use  to restrict the frequency span between two CCs to ensure the minimum performance of CBM. b
Proposal 2: RAN4 should clarify the acceptable performance degradation of CBM.
Proposal 3：For non-co-located deployment, only IBM can be used in FR2 inter-band CA.
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