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1. Introduction
In this contribution, we discuss the topic in the last WF [1] and email summary [2] and other remaining issues.
2. Discussion
2.1 Beam management reference signal
In the last meeting, we have agreed that [1]:

The different BMRS types, i.e., configuration of CSI-RS or SSB, have no impact on DL requirements.

However, some companies still want to further specify the side condition for dedicated BMRS. In our under-standing, the agreement implies that there is no need to define different requirements for dedicated BMRS type, i.e., CSI-RS or SSB and the BMRS side condition will only impact the test configuration. In RAN4#100e, we have the agreement below for CBM requirement:

CBM inter-band CA requirements apply per-band with the BMRS configured in any one of the participating bands.
 
It means any BMRS configuration for CBM need to be tested twice even though only the worst case is considered, so the BMRS side condition will significantly increase the test complexity.   

Observation 1: The BMRS side condition will increase the test complexity significantly.   

Another thing worth noting is that the BMRS side condition is not needed for single-chain UE. In this condition, all CC will share same beam, which means the CCs without BMRS actually do not need to select beam based on the measurement result of the CC with BMRS. In addition, we have agreed that the capability to indicate different architecture will not be introduced in previous meeting.

Observation 2: The BMRS side condition is not needed for single-chain UE, and we have no way to distinguish different UE architecture in the test. 

However, considering we have defined some rules for BMRS location, more description of BMRS type may be required for RAN5. We prefer only inform RAN5 that the BMRS type can be same as IBM, and further enhancement can be discussed in future release if needed.

Proposal 1: No need to specify the BMRS side condition for CBM and only inform RAN5 than the BMRS type is same as IBM, and the BMRS side condition for CBM can be discussed in future release if needed.
2.2 PSD condition 
The PSD condition for CBM have been discussed for several meetings, and in our understanding, the PSD condition is related to the UE architecture. For single-chain UE, the PSD difference between CCs cannot be too large due to shared link gain, so only “equal PSD” is feasible which is similar to intra-band CA, but for multi-chain UE, the PSD difference can be varied. In the previous meeting, we have agreed that for same frequency group, both single-chain and multi-chain should be considered, so it may be better to minimize the PSD difference for same frequency group to enable the single-chain UE. However, for different frequency group, we only agreed on the feasibility of multi-chain UE, and in our view, the single-chain is not feasible due to the unacceptable degradation of beam squint, so the “simultaneous sensitivity” is not suitable. 

Proposal 2: The “simultaneous sensitivity” PSD condition can only be applied to CBM within same frequency group.

In addition, we notice that we have agreed that neither the concept of “frequency group” or capability for architecture indication will be introduced, but considering the feasibility baseline is different between same and different frequency group which may lead to different PSD condition, the principle to distinguish different “frequency group” may be needed. 

Observation 3: The feasibility baseline is different between same and different frequency group, which may lead to different PSD condition.

Proposal 3: A principle to distinguish same frequency group and different frequency group may be needed.
2.3 Requirement of band combination n258-n261 
In the last meeting, whether or not to specify the requirement for the same frequency group band combination is raised and the candidate band combination is n258-n261. The main reason for the opposition is that the operator still does not yet have clear request. However, at the end of meeting, it seems some operator show their interest on this band combination, so we think the requirement for n258-n261 should be completed.

Proposal 4: Considering the interest from operator, the requirement for n258-n261 should be completed.

In RAN4#100e, we have an agreement for CBM as follows:

GTW Agreement: RAN4 agree to introduce REFSENS and EIS spherical coverage requirements based on IBM inter-band CA framework.

However, the requirement is also related to different architectures and we need to discuss case by case.

Spherical coverage
Single-chain architecture

The single-chain architecture means different bands will share same Rx beam and it seems no need to specify the common spherical coverage for such type of UE because it may meet the requirement naturally like intra-band CA. However, the beam pattern for different band is hard to be exactly same when a module supports several bands, and the common spherical coverage will be impacted. To verify this issue, we do some EM simulations as follows.
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Figure 1 Spherical coverage simulation model: single-chain(left) and multi-chain(right)
The top and back material of phone model is glass and plastic, and for the side material, we simulate two cases: plastic and metal, to compare the impact of blocking materials with different dielectric constant on common spherical coverage. The frequency point is 24.25GHz and 28.35 GHz, which is the largest span in n258-n261, and the result is shown in Figure 2 
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Figure 2 Results of common spherical coverage for single-chain

Apparently, even for the single-chain UE, we cannot assume that it naturally meets the common spherical coverage. We can find the metal side case require 1.2 dB per band relaxation and the plastic side case require 1 dB per band relaxation. Considering implementation margin, we think 1.5 dB per band relaxation is needed. 

Observation 4: For single-chain UE who support n258-n261, 1.5 dB per band relaxation due to the common spherical coverage is needed.

For single-chain UE, the impact of beam squint also should be considered. In [3][4], the simulation shows that 4100 MHz frequency span may lead to 1~2 dB degradation, so 1.5 dB relaxation due to beam squint is needed.

Observation 5: For single-chain UE who support n258-n261, 1.5 dB relaxation due to beam squint is required.

Multi-chain architecture

In the previous meeting, we have proposed that the common spherical coverage requirement can help multi-chain UE rule out the infeasible CBM implementation, as shown in Figure 3.
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Figure 3 Different implementations of CBM multi-chain UE
For the UE with implementation (B), even we make it meets the common spherical coverage by per band relaxation, it still cannot work with CBM because the UE is hard to build correct beam mapping relationship, so the relaxation of common spherical coverage is more reasonable based on the implementation (A).

Observation 6: The multi-chain UE cannot build correct beam mapping relationship if the panel orientation is quite different.

Proposal 5: The analysis for common spherical coverage of multi-chain UE should only be based on the panels having similar orientation. 

Figure 1 shows our model for multi-chain UE, and we do similar simulation as single-chain. The antenna module#1 works at 24.25 GHz and the antenna module#2 works at 28.35 GHz, and the result is shown in below.
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Figure 2 Results of common spherical coverage for multi-chain

We notice that 1.5 dB per band relaxation is also enough for multi-chain UE.

Observation 7: For multi-chain UE who support n258-n261, the 1.5 dB relaxation for common spherical coverage is also enough.

For multi-chain UE we can assume the beam squint can be eliminated, but another issue that should be considered is beam mapping accuracy. In our understanding, the accuracy is related to the phase difference between the antenna element which will cause the beam to deviate from expected direction.

Proposal 6: For multi-chain CBM UE, the impact of beam mapping accuracy which is caused by phase error between different Rx chain need to be analyzed.  

We assume the phase error ~ N(0,10²) and try to simulate the impact on 50% spherical coverage. The antenna element model in TR 38.803 is used and the antenna array is 1x4. The results with 500 times simulation are as follows.
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Figure 3 EIS degradation at 50% spherical coverage due to the phase error ~ N(0,10²)

The result shows that for 95% UE, 2.5 dB degradation will occur which should be incorporated in ΔRIB,S,n.

Observation 7: 2.5 dB relaxation for spherical coverage due to the beam mapping accuracy is needed, which should be incorporated in ΔRIB,S,n..


So, for multi-chain UE who support n258-n261, a total of 4 dB relaxation is required. In addition, whether single-chain or multi-chain, the MBR should be taken into account. Based on the analysis above, for the requirement of spherical coverage with n258-n261, we summarized as follows:


Table 1 analysis of ΔRIB,S,n for n258-n261
	NR CA band combinations
	NR band
	Influential factors
	ΔRIB,S,n (dB)
(Single-chain)
	ΔRIB,S,n (dB)
(multi-chain)

	n258-n261
	n258
	Beam squint 
	1.5 
	0

	
	
	Beam mapping accuracy
	0 
	2.5

	
	
	common spherical coverage  
	1.5
	1.5

	
	
	MBR
	0.7
	0.7

	
	
	summary
	3.7
	4.7

	
	n261
	Same as n258
	3.7
	4.7



So, we propose:

Proposal 7: For CBM with n258-n261, relaxation of each band for the requirement of spherical coverage is shown in Table 2: 
Table 2: ΔRIB,S,n EIS spherical coverage requirement relaxation for inter-band CA for power class 3 with CBM
	[bookmark: _Hlk92384952]NR CA band combination
	NR band
	ΔRIB,S,n (dB)

	n258-n261
	n258
	4.7

	
	n261
	4.7


 
REFSENSE
Single-chain architecture

In [4], the simulation shows that the beam squint seems to have no impact on peak EIS. However, considering the RF device in single-chain UE have to support wider bandwidth, e.g., LNA, the impedance match become more challenging, which may influence the gain, noise figure and linearity and the REFSENSE will be impacted. For intra-band CA whose configured DL spectrum up to 2400MHz, we agree the 1.5 dB relaxation is current spec. so we propose for n258-n261 whose spectrum up to 4100MHz, at least 2.5 dB relaxation for REFSENSE is needed.

Observation 8: Considering RF device performance degradation due to the wider bandwidth for single-chain UE, at least 2.5 dB relaxation for RFSENSE is needed.

Multi-chain architecture

We use similar method to estimate the impact on peak EIS due to the beam mapping accuracy, and the results are shown in Figure 4 
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Figure 3 Peak EIS degradation due to the phase error ~ N(0,10²)

Observation 9: For multi-chain UE, 1.5 dB relaxation is required for REFSENSE due to beam mapping accuracy.

Based on the analysis above, the ΔRIB,P,n for n258-n261 is summarized in Table 3:
Table 3 analysis of ΔRIB,P,n for n258-n261
	NR CA band combinations
	NR band
	Influential factors
	ΔRIB,P,n (dB)
(Single-chain)
	ΔRIB,P,n (dB)
(multi-chain)

	n258-n261
	n258
	Beam squint 
	0
	0

	
	
	Beam mapping accuracy
	0 
	1.5

	
	
	RF device degradation  
	2.5
	1.5

	
	
	MBR
	0.6
	0.6

	
	
	summary
	3.1
	3.6

	
	n261
	Same as n258
	3.1
	3.6



So, we propose

Proposal 8: For CBM with n258-n261, relaxation of each band for the requirement of REFSENSE is shown in Table 4: 
[bookmark: _Hlk31890999] Table 4:  ΔRIB,P,n reference sensitivity relaxation for inter-band CA for power class 3 with CBM
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	NR band
	ΔRIB,P,n (dB)

	CA_n258-n261
	n258
	3.6

	
	n261
	3.6



3. Conclusion
In this contribution, we discuss several issues about CBM within same frequency group and our proposal are shown in below:
Observation 1: The BMRS side condition will increase the test complexity significantly.  
 
Observation 2: The BMRS side condition is not needed for single-chain UE, and we have no way to distinguish different UE architecture in the test. 

Observation 3: The feasibility baseline is different between same and different frequency group, which may lead to different PSD condition.

Observation 4: For single-chain UE who support n258-n261, 1.5 dB per band relaxation due to the common spherical coverage is needed.

Observation 5: For single-chain UE who support n258-n261, 1.5 dB relaxation due to beam squint is required.

Observation 6: The multi-chain UE cannot build correct beam mapping relationship if the panel orientation is quite different.

Observation 7: For multi-chain UE who support n258-n261, the 1.5 dB relaxation for common spherical coverage is also enough.

Observation 8: 2.5 dB relaxation for spherical coverage due to the beam mapping accuracy is needed, which should be incorporated in ΔRIB,S,n..

Observation 9: Considering RF device performance degradation due to the wider bandwidth for single-chain UE, at least 2.5 dB relaxation for RFSENSE is needed.

Observation 10: For multi-chain UE, 1.5 dB relaxation is required for REFSENSE due to beam mapping accuracy.

Proposal 1: No need to specify the BMRS side condition for CBM and only inform RAN5 than the BMRS type is same as IBM, and the BMRS side condition for CBM can be discussed in future release if needed.

Proposal 2: The “simultaneous sensitivity” PSD condition can only be applied to CBM within same frequency group.


Proposal 3: A principle to distinguish same frequency group and different frequency group may be needed.

Proposal 4: Considering the interest from operator, the requirement for n258-n261 should be completed.

Proposal 5: The analysis for common spherical coverage of multi-chain UE should only be based on the panels having similar orientation. 

Proposal 6: For multi-chain CBM UE, the impact of beam mapping accuracy which is caused by phase error between different Rx chain need to be analyzed.  
 
Proposal 7: For CBM with n258-n261, relaxation of each band for the requirement of spherical coverage is shown in Table 2: 
Table 2: ΔRIB,S,n EIS spherical coverage requirement relaxation for inter-band CA for power class 3 with CBM
	NR CA band combination
	NR band
	ΔRIB,S,n (dB)

	n258-n261
	n258
	4.7

	
	n261
	4.7



Proposal 8: For CBM with n258-n261, relaxation of each band for the requirement of REFSENSE is shown in Table 4: 
 Table 4:  ΔRIB,P,n reference sensitivity relaxation for inter-band CA for power class 3 with CBM
	NR CA band combinations
	NR band
	ΔRIB,P,n (dB)

	CA_n258-n261
	n258
	3.6

	
	n261
	3.6
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