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1 Background
In RAN4#98-bis-e, FR2 UEs that support inter-band DL CA with CBM has been further discussed; multiple open issues have been captured in the WF [1]:
1. Reference architecture(s) for deriving CBM UE RF requirements is FFS

2. Beam management reference signal (BMRS) side condition for inter-band DL CA based on CBM test is FFS. 
3. REFSENS requirement
4. EIS spherical coverage requirement
5. Whether Fs_inter_CBM capability is needed
6. PSD condition for EIS tests
In this contribution, we provide our views on the open issues above.
2 The framework of CBM UEs requirement 

In RAN4#97-e, it has been agreed that IBM UE capability is applicable for all CA configurations [2]. As the CBM/IBM reporting is only an indication of UE capability, there is no particular reason to limit such a UE capability reporting to certain CA band combinations. For CA configuration with different frequency groups, the gNBs or TRxPs may still be co-located with similar PSD on each CC, and a CBM UE could be configured with inter-band CA operation in FR2 even if there is a performance penalty. From the network side, UE should report the IBM/CBM capability since RAN4 agreed that will not label CBM or IBM as a default BM method for any band combination as agreed, used beam management is based on UE capability [3]. 
Proposal 1: The CBM UE capability is applicable for all band combinations and the UE needs to report the supported BM type(s) to the network explicitly. 
Since both CBM and IBM can be applicable to all band combinations, it is critical to build a unified requirement framework for both CBM and IBM UEs so that both UEs can provide a similar RF performance to facilitate network deployment. 

Proposal 2: Adopt a unified requirement framework for CBM and IBM UEs. 
Currently, the receiver requirement of IBM UES is composed of REFSENS and EIS spherical coverage with a 50% common spherical coverage. For CBM UEs, defining the REFSENS requirement should be natural, but whether or not to introduce the spherical coverage requirement is still an open issue. The previous discussion of CBM UEs is mainly based on the assumption that both CCs would use a shared RF chain, as shown in Fig. 1(a). However, a CBM implementation that supports an independent RF chain for each CC has also been proposed in the last RAN4 meeting (Fig. 1(b)). Thanks to the independent RF chain on each CC, the multiple chains CBM UE can handle the gain control for each CC in an optimal way. Additionally, this UE can optimize the codebook on each CC to point towards the same direction (beam mapping) and, thus, mitigate the beam squint effect existing in the single RF chain implementation. On the other hand, how well the beam mapping can be made needs to be examined. Considering that such an architecture is similar to IBM UEs in terms of the analog HW part, and the common spherical coverage requirement would be a proper metric to verify that the beam mapping functions well. Moreover, since RF requirements must be agnostic to the UE implementations and it should be sufficient to prove the performance of all kinds of CBM UEs, the common spherical coverage requirement should be included in the receiver requirements of CBM UEs. 

Observation 1: Both REFSENS and EIS spherical coverage with common spherical coverage is needed for CBM UEs to cover both single-chain implementation and multi-chain implementation. 
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                                 Figure 1. (a) The single RF chain architecture, and (b) The multi RF chains architecture
However, it is worthy to remark that adopting a unified requirement framework does not mean that the requirement would be identical between CBM and IBM. For a single AoA test, the side condition can be designed differently to distinguish the capability difference between CBM and IBM UEs. As the single-chain CBM UE can only handle a small PSD difference, it is proposed that CBM UEs should be tested under an equal PSD condition while a significant PSD difference has been created for IBM test case for different frequency group. How to maintain the equal PSD condition for CBM UE test shall be FFS.
Observation 2: The test condition between CBM and IBM can be differed by the PSD condition in the single AoA test. 
Observation 3: FFS how to maintain equal PSD conditions for CBM UEs during the EIS test. 
3 The reference signal configuration of CBM UEs  
The definition of CBM UEs has been agreed previously as: 

A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management. 

Based on the definition above, the core of CBM UE is about using the reference signal on only one CC but not about using only one beam or only one RF chain for all CCs. Therefore, different RF architectures are possible for CBM UEs. It is important to align the assumption to create the framework of RF requirements, as we have discussed above. For inter-band DL CA, RS measurements on different bands (serving cells) are likely to be configured in the field since the beams can be different in the field. However, for the purpose of setting minimum requirements for CBM-capable UEs, the definition above with measurement “the only CC configured with RS” for RX beam management applies.
Observation 4: For the purpose of setting minimum requirements for CBM-capable UEs, the definition of CBM with measurement “the only CC configured with RS” for RX beam management is fine, while RS measurements on different bands (serving cells) are likely to be configured since the beams can be different in the field.
Since the DL RS will only be configured on one CC during the RF test for CBM UEs, the CBM UEs should meet the minimum requirement on each CC when there is RS configured on this CC and when there is no RS configured on this CC (two cases). 

Proposal 3: the CBM UE should meet the minimum requirement on each CC when RS is configured on this CC and when no RS configured on this CC.
However, from the test point of view, it is possible to further consider the test time reduction by only verifying the CBM requirement under the worst scenario. In general, it can be expected the beam point error (multi RF chain architecture) or beam squint effect (single RF chain architecture) would be higher on the CC without the DL RS signal. Therefore, it can be further studied if some of the test cases can be reduced. 
Observation 5: The number of tests for CBM UEs may be reduced by only verifying the worst-case scenario.  
4 Introducing the CBM requirement to CA_n260-n261
Currently, band combination CA_n260-n261 is specified in TS38.101-2 with IBM only. However, with all that have been said above, we think it is feasible to introduce the CBM capability into the specification for band combination CA_n260-n261 with the same relaxation factors but different PSD condition and reference signal configurations as used for IBM. A CR provided in the last meeting [4] can serve the purpose properly, and we suggest using the CR as the baseline for further discussion. 
Proposal 4: Adding CBM requirement to the band combination of CA_n260-n261. 
5 Reference architecture of deriving the CBM requirement in the same frequency group
As discussed previously, to create a unified requirement frame for both IBM and CBM UEs, it is important to consider all the possible implementations. One possible way forward is to derive the requirement based on IBM architecture and adopt the same requirement for CBM, which is similar to the method proposed in the CR [4]. As an alternative, it can be recommended that companies provide estimated performance for all possible implementations and decide the proper relaxation factor based on all the input. 
6 Frequency separation class for inter-band CA in FR2
In addition, RAN4 also needs to further discuss whether or not to introduce ‘Fs_inter_CBM’ as a UE capability to indicate the maximum frequency span, between the lower edge of the lowest CC and the upper edge of the highest CC in FR2 inter-band CA based on CBM, which the UE can support (as Fs in 5.3A.4 of TS38.101-2). Suppose there is a limitation of the frequency separation of CCs in different bands supported by the UE for an advertised (supported) inter-band DL CA configuration. In that case, this capability is needed to avoid rejection of CA configurations, the cause of which otherwise would be unknown. 

Observation 6: In case there is a limitation of the frequency separation of CCs in different bands supported by the UE for an advertised (supported) inter-band DL CA configuration, the capability of ’Fs_inter_CBM’ is needed.

7 Proposal
In this contribution, we make the following observations and conclusions for the CBM inter-band DL CA in FR2: 
Observation 1: Both REFSENS and EIS spherical coverage with common spherical coverage is needed for CBM UEs to cover both single-chain implementation and multi-chain implementation. 
Observation 2: The test condition between CBM and IBM can be differed by the PSD condition in the single AoA test. 
Observation 3: FFS how to maintain equal PSD conditions for CBM UEs during the EIS test. 

Observation 4: For the purpose of setting minimum requirements for CBM-capable UEs, the definition of CBM with measurement “the only CC configured with RS” for RX beam management is fine, while RS measurements on different bands (serving cells) are likely to be configured since the beams can be different in the field.
Observation 5: The number of tests for CBM UEs may be reduced by only verifying the worst-case scenario.  
Observation 6: In case there is a limitation of the frequency separation of CCs in different bands supported by the UE for an advertised (supported) inter-band DL CA configuration, the capability of ’Fs_inter_CBM’ is needed.

Proposal 1: The CBM UE capability is applicable for all band combinations and the UE needs to report the supported BM type(s) to the network explicitly. 

Proposal 2: Adopt a unified requirement framework for CBM and IBM UEs. 
Proposal 3: the CBM UE should meet the minimum requirement on each CC when RS is configured on this CC and when no RS configured on this CC.
Proposal 4: Adding CBM requirement to the band combination of CA_n260-n261. 
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