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Background
In RAN4#101-bis-e, FR2 UEs that support inter-band DL CA with CBM has been further discussed [1], and the WF has been approved with multiple open issues [2]. The main gap that needs to be filled to finalize the CBM UE requirement framework within the same frequency group includes introducing the Fs_inter capability and how the PSD condition should be set. In this contribution, we provide our further views on the open issues related to CBM UEs with the same frequency groups and analyze the minimum requirement.

1 The framework of CBM UEs requirement 
1.1 Discussion on the Fs_inter
For single chain CBM UEs, it is likely that the RF performance would be degraded with an increased frequency separation between the two CCs. Therefore, whether to introduce the frequency separation class Fs_inter was extensively discussed in the last RAN4 meeting. In summary, three different methods have been considered:

1. The inter-band CA operation is not supported for the frequency separation larger than a Fs_inter.
2. Define the relaxations against different values of Fs_inter.
3. Define the minimum requirement based on the largest Fs_inter.
Currently, no limitation has been placed for inter-band CA band combinations due to the frequency separation for existing band combinations. A UE that declares to support a certain band combination can be configured by CA operation on any CCs within the band combination. In our view, this is an essential feature of inter-band CA operations, and otherwise, it may create ambiguity and complicate the operation mechanism of whether an inter-band CA could be configured in the field. Therefore, it is not preferred to introduce the Fs_inter as an in-capability as suggested by option 1. 
On the other hand, both options 2 and 3 recognize the performance degradation due to the increased frequency separation. In comparison, we think option 3 can provide multi advantages over option 2:

· From the aspect of specifying the UE requirement, option 3 has a simpler structure than option 2 and provide a better alignment between the relaxation framework of IBM and CBM UEs, which can reduce the complicity of the specification, save the effort for future maintenance and also requires less test effort to verify the minimum requirement. 
· From the aspect of network operation, it is also questionable how meaningful it is to provide so detailed UE performance variation against frequency separation, considering the actual channels may also be highly dynamic on the configured CCs. An estimation based on the worst frequency separation is sufficient for the network to estimate the cell coverage and power level. 

Moreover, suppose we would define the minimum requirement based on only the largest Fs_inter or the largest frequency separation between two bands. In that case, no new capability would actually be needed, and we can avoid further fragmentation of the specification, which in our view is also beneficial, considering we have already distinguished IBM and CBM UEs for inter-band CA operation in FR2. 
Proposal 1: Define the minimum requirement based on the largest frequency separation between two CCs  
1.2 PSD condition for CBM UE within the same frequency group
The discussion on the PSD condition for CBM UEs has also been carried out over multi meetings. Due to the closely located CCs, the base station may transmit through co-located antenna panels with similar power levels for the same frequency group. Therefore, an “equal” PSD condition is a relevant scenario for real-life cases and can be used to test the minimum requirement of inter-band DL CA in FR2. Meanwhile, the REFSENS and EIS spherical coverage levels being met simultaneously with the same relaxation factor would be relevant for verifying a collocated scenario under a single AoA test. Therefore, the PSD difference between the two CCs for the CBM sensitivity test should be minimized while it shall ensure the devices can meet sensitivity requirements on both CCs simultaneously. 

Proposal 2: The PSD condition in CBM UE within the same frequency group shall ensure the devices can simultaneously meet sensitivity requirements on both CCs.
On the other hand, UEs supporting both IBM and CBM (‘both’) for a band combination within the same frequency group could be expected to meet the requirements under larger PSD difference, which is a natural outcome that the UE is capable to support IBM in our view
2 Relaxation CBM requirement for n258+n261

In this section, we take n258+n261 as an example band combination to show the analysis on the relaxation values for inter-band CA within the same frequency group. The CDFs at 24.25 GHz (lower limit of n258) are simulated with the assumption that the DL BMRS is at 24.25 GHz and 28.35 GHz (upper limit of n261), respectively. The inter-element distance is assumed with half wavelength at 24.25 GHz. A single chain UE is assumed in this simulation, which implies that the UE adopted the same precoder at 24.25 GHz and 28.35 GHz. The simulation is illustrated in Fig. 1 (a), and the simulated CDF at 24.25 GHz is plotted in Fig. 1 (b). 
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(b)

Fig. 1 (a) illustration of the EIRP degradation when BMRS is on different CC for single chain CBM UE. (b) the simulated CDF at 24.25 GHz. 

It is observed that
· About 1.8 dB relaxation is required accounting for the spherical coverage degradation at 24.25 GHz that can be observed when the BMRS is moved from 24.25 GHz to 28.35 GHz (1.3 dB) while maintaining the common spherical coverage area above 50% (0.5 dB). We have also examined other cases (e.g., array gain at different frequencies and with different inter-element distances), where 1.8 dB stands for the worst-case scenario in our model. The illustration of spherical coverage results is included in the appendix. 
· 0.7 dB MBR is further introduced into the total relaxation, which is the maximum MBR value among n257 and n268 bands. 
· an additional 1 dB margin is proposed to include miscellaneous factors, including potential impact from PSD imbalance an reduced NF figure with increased frequency separation. It is worth mentioning that the NF should be strictly limited to benefit from the throughput gain by inter-band CA operation compared to single-CC operation. Considering the different implementations of CBM UEs, the improved UE performance comparing to Rel-15 devices (single chain and multi chain), and considering that the impact of large frequency separation and PSD differences can be minimized with a multi chain implementation, a 1 dB relaxation should be a sufficiently large margin for various UE implementations while maintaining the throughput gain from inter band CA.  
Overall, about 3.5 dB total relaxation for EIS spherical coverage is derived for a band combination of n258+n261. 

Observation 1: about 3.5 dB total relaxation for EIS spherical coverage is derived for band combination of n258+n261. 
Considering that RAN4 has been dwelling on the CBM UEs for the same frequency groups for almost two releases now, it is preferred RAN4 moving forward to define the CBM requirement in Rel-17 based on an example band combination since the momentum is in place. 

Proposal 3: RAN4 shall define the requirement of CBM UEs within the same frequency group based on an example band in Rel-17, e.g., n258+261, and the relaxation due to the EIS spherical coverage is 3.5 dB in this case.
3 Conclusion
In this contribution, we make the following observations and conclusions for the CBM inter-band DL CA in FR2: 
Observation 1: about 3.5 dB total relaxation for EIS spherical coverage is derived for band combination of n258+n261. 
Proposal 1: Define the minimum requirement based on the largest frequency separation between two CCs  
Proposal 2: The PSD condition in CBM UE within the same frequency group shall ensure the devices can simultaneously meet sensitivity requirements on both CCs.
Proposal 3: RAN4 shall define the requirement of CBM UEs within the same frequency group based on an example band in Rel-17, e.g., n258+261, and the relaxation due to the EIS spherical coverage is 3.5 dB in this case.
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Appendix: 
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