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1 Background
In RAN4#101-e, FR2 UEs that support inter-band DL CA with CBM has been further discussed [1], where following WF have been approved with the following agreements and open issues [2]: 
1. WF – UE capability ‘both’, context: {ibm, cbm, both}
1. UE with both CBM and IBM capabilities needs to meet each of requirements separately.
2. RAN4 shall send out LS to ask RAN2 to define the capability for “both” and inquire whether “both” can be release independent from Rel-16.

3. If UE supports ‘both’, UE can be configured either for IBM or CBM by the network.

2. WF – Beam management reference signal

1. The different BMRS types, i.e., configuration of CSI-RS or SSB, have no impact on DL requirements.
3. WF – Band combinations where CBM Inter-band CA requirements shall be defined

1. Same combinations between frequency groups as for IBM in current specification:
a. n257+n259

b. [n258+n260]

c. n260+n261

2. Whether to consider the case within the same frequency group, n258+n261, whose spectrum is non-overlapping. Options:

a. Capture CBM inter-band DLCA requirements for this combination in Rel-17

b. Define CBM inter-band DLCA requirements but do not capture in Rel-17 of the standard. Instead, capture methodology in TR.

c. Wait for operator demand

d. Other

Agreement on 2: FFS to include n258+n261 and come back next meeting.
4. WF – Sensitivity Requirements

1. RAN4 to specify delta_RIBs for each agreed band combination.
In this contribution, we provide our views on the requirements of CBM UEs with the same frequency groups.
2 UE capability on beam management type

In RAN4#100-e, it was agreed to add a new UE capability related to CBM and IBM to indicate that the UE can support both CBM and IBM. In our understanding, this new capability is necessary, and the core requirement of both CBM and IBM should be met by UE that supports such a capability. 
Proposal 1: The core requirement of both CBM and IBM apply to a UE that can support both IBM and CBM. 
However, the necessity of a verification conformance test cases still needs to be discussed and is a RAN5 matter. 
Generally speaking, an IBM UE has a more advanced and flexible RF architecture than a CBM UE. However, due to the different configuration of the reference signals for beam management (BMRS) assumed for the core requirements and thus for conformance testing, the IBM test setup is not sufficient to verify the performance of a UE under CBM conditions. In the IBM test, the BMRSs are configured on all the CCs simultaneously, and thus cannot be used for verifying the UE behavior and performance under the condition that only one CC is configured with BMRS, especially when the BMRS is configured on the untested CC.
Observation 1: The IBM test does not verify the UE behavior and performance under the condition that only one CC is configured with BMRS, especially when the BMRS is configured on the untested CC.
Notwithstanding, the CBM and IBM tests should still be core requirements (RAN4 specifications) so that the network could rely on the relevant minimum performance regardless of the configuration of the BMRS. However, from a conformance perspective, it may be sufficient only to verify the CBM requirement for the UE that can support both CBM and IBM under the single AoA test case. 
Proposal 2: A core requirement should be specified for both cases, and the conformance test reduction for UE that supports both IBM and CBM can be further discussed once the core requirements are established.
3 The reference signal configuration of CBM UEs  
Concerns on the BM configuration on PCC and SCC have been raised, since SSB might be needed for all CCs. In this case, it is possible to set the TCI state on one of the CCs to be QCL with the other CC so that the UE under test will only use the BMRS on one of the CC to perform beam selection (possible for QCL typeC and typeD). So, for example, in the TCI state configuration of the SCC, the ServCellIndex can be configured with value 0 for SCC, which indicates the UE to look for the BMRS (SSB or NZ-CSI-RS) on the PCC. This type of configuration is also likely for a UE in the field for a collocated case.
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Observation 3: it is possible to configure the TCI state on one of the CC with QCL with the other CC so that UE under test will only use the RS on one CC for beam selection. 
4 The framework of CBM UEs requirement 
4.1 Unified requirement framework of CBM and IBM UEs 
In RAN4#100-e, RAN4 has agreed to introduce REFSENS and EIS spherical coverage requirements based on IBM inter-band CA framework. Aligning the requirement framework is critical so that the network can get a unified indication of the expected UE performance under inter-band CA operation regardless of the UE capability. Currently, the IBM requirement is defined per band combination. Therefore, it is suggested that CBM UE can also be defined per band combination instead of per frequency separation in the specification. 

Proposal 3: Define CBM UE requirement per band combination in the same way as IBM UEs. 
It is also worth mentioning that The BM capability is indicated per band combination. Therefore, defining the CBM requirement per band combination can also benefit from defining a unified requirement framework. 
If CBM UE requirement can be defined in the same way as IBM UEs, it wouldalso facilitate defining the requirement of IBM UEs in the same frequency group later on. The network should expect similar performance between CBM and IBM UEs from the link budget aspect, at least under a co-located deployment scenario. Therefore, one way is to adopt the same relaxation numbers for IBM UEs in the same frequency group as CBM UEs in the future.  

Observation 4: Defining CBM UE requirement in the same way as IBM UEs per band combination can also facilitate the work of defining IBM requirements within the same frequency group. 
With having said the above, it also seems unnecessary and unsuitable to define frequency separation Fs_inter. 
· From the requirement aspect, the issue that higher performance degradation with larger frequency separation between two CCs can be addressed by defining different relaxations per band pair. 
· From the specification aspect, it is also essential that the UE should be able to support operating with any CCs within a band combination if it declares to support inter-band CA for this band combination. 
· From the network aspect, the UE shall support all possible carrier frequency separations for a supported band combination. 
Therefore, it is suggested not to introduce the Fs_inter for inter-band CA in FR2. 
Proposal 4: Do not introduce the Fs_inter for inter-band CA in FR2. 

4.2 Relaxation factors of CBM requirement in the same frequency group
For the REFSENS relaxation, we observe that: 

· For single chain implementation, 
· 1) wideband operation, which leads to a higher noise figure on the receiver side, which causes RX performance degradation. Such a mechanism was considered for intra-band CA, where the bandwidth of the configured spectrum is up to 2400 MHz. 
· 2) a larger spectrum span will also lead to a beam squint effect, where the pointing direction of the CC without beam management (BM) reference signal (RS), e.g., SSB and NZ-CSI-RS, will likely misalign with AoA of DL signals. Those two physical phenomena are the main factors that cause RX performance degradation for a single chain CBM UEs under an equal PSD condition. 

· For multi-chain implementations, the beam squint effect can be mitigated by assigning different beam-forming weights on each CC. The wideband operation degradation can also be reduced by using multiple receivers simultaneously. The performance degradation may result from imperfect beam mapping and concurrent operation of multiple receivers compared to the single CC operation. 
For the common spherical coverage:

· since the multi-chain CBM UEs’ analog architecture is essentially identical to that of IBM UEs, it can be expected that the common spherical coverage requirement can be derived similarly. 
· The common spherical coverage may not be a challenge for single-chain implementations, but the spherical coverage degradation on the CC without BMRS must be considered. The beam squint effect may not significantly change the direction of the spatial coverage, but the spherical coverage of the CC is likely to be degraded without BMRS.
In the end, Multiband relaxation (MBR) is included in the relaxation factor of IBM requirements. To unify the requirement framework of CBM and IBM UEs, it is suggested to include the MBR factor into the CBM UE relaxation. 

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 5: 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 
4.3 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 a sufficiently large margin for various UE implementations while maintain 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 5: about 3.5 dB total relaxation for EIS spherical coverage is derived for band combination of n258+n261. 
5 Conclusion
In this contribution, we make the following observations and conclusions for the CBM inter-band DL CA in FR2: 
Observation 1: The IBM test does not verify the UE behavior and performance under the condition that only one CC is configured with BMRS, especially when the BMRS is configured on the untested CC.
Observation 2: if the CBM UE relaxation would be the same as IBM UE’s for a band combination, it may be sufficient to verify the CBM requirement for conformance for the UE that can support both CBM and IBM under the single AoA test case. A core requirement should be specified for both cases.
Observation 3: it is possible to configure the TCI state on one of the CC with QCL with the other CC so that UE under test will only use the RS on one CC for beam selection. 
Observation 4: Defining CBM UE requirement in the same way as IBM UEs per band combination can also facilitate the work of defining IBM requirements within the same frequency group. 
Observation 5: about 3.5 dB total relaxation for EIS spherical coverage is derived for band combination of n258+n261. 

Proposal 1: The core requirement of both CBM and IBM apply to a UE that can support both IBM and CBM. 

Proposal 2: A core requirement should be specified for both cases, and the conformance test reduction for UE that supports both IBM and CBM can be further discussed once the core requirements are established.

Proposal 3: Define CBM UE requirement per band combination in the same way as IBM UEs. 
Proposal 4: Do not introduce the Fs_inter for inter-band CA in FR2. 
Proposal 5: 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 
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Appendix: 
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Spherical coverage at 24.25 GHz (BMRS at 24.25 GHz)              Spherical coverage at 24.25 GHz (BMRS at 28.35 GHz)
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