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1 Background
In RAN4#101-e, FR2 UEs that support inter-band DL CA with CBM have been further discussed, where the WF has been approved with multi-open issues on the PSD condition, and minimum requirements have been identified [1]. In this contribution, we provide our views on the requirements of CBM UEs between different frequency groups.

2 Introducing the CBM requirement to CA_n260-n261
2.1 PSD condition for CBM UEs between different frequency group
The PSD condition for CBM UEs has been discussed over multiple meetings, where two possible candidate solutions have been proposed, which are

1. Same PSD condition as IBM

2. Normalized PSD condition (simultaneous sensitivity)
Both options provide relevant test cases for real-life scenarios and are feasible to be used for defining the minimum requirement:

· Option 1 lead to a larger PSD difference which is identical to the IBM UEs under the same band combination, which is reasonable a test condition so that the network can anticipate the CBM and IBM UEs performances have been examined under a similar condition for a given band combination without needing to interpret different test setups in this case. 

· With option 2, a smaller PSD difference can be expected than option 1 (still moderate PSD difference for different frequency groups), especially around the solid angles near peak EIS points. A co-located deployment of, e.g., n260+n261 with equal DL EIRP in both bands implies that the incident radiation density (PFD) is about 3 dB lower in-band n260 under free-space conditions, which would correspond to a 6 dB difference in EIS levels of the two bands. In this scenario, should the UE be operated at its required EIS levels simultaneously (around a 2.5 dB difference) in this scenario, this would require a 3.5 dB higher DL EIRP in-band n260. This is not unlikely in practice either, and it also provides a unified test condition for CBM UEs between the same and different frequency groups. 

Observation 1: Both options of PSD condition can be feasible for testing the CBM UEs minimum requirement between different frequency groups. RAN4 can select one of them to define the minimum requirement for CBM UEs in different frequency groups. 
For CA configuration with different frequency groups, the gNBs or TRxPs may still be co-located on each CC, and CBM UEs could be configured with collocated inter-band CA operation in FR2 even if there is a performance penalty. Moreover, with a multi-chain implementation of a CBM UE, the penalty due to the beam squint of a single-chain CBM UE can be further reduced. The main challenges of CBM UEs with multi-chain would be on the beam mapping between different frequency groups. However, we anticipate that this challenge can be tackled with proper precoder optimization for inter-band CA operation. It is, therefore, feasible that CBM UEs could offer similar performance as IBM UEs under a collocated deployment scenario. 
Observation 2: CBM UEs can offer similar performance as IBM UEs in a co-located scenario across different frequency groups. 

Proposal 1: consider adopting the same relaxation factor for REFSENS and EIS spherical coverage between CBM and IBM UEs for different frequency groups. 
The requirements should ensure that the UE is functional for a supported band combination (BC) for all frequency separations and for the beam management configured according to the declared BM capability/BC. A relaxation for inter-band CBM assumed to be implemented with a single chain requiring “equal PSD” is acceptable, as discussed above.

Instead of categorizing the requirement into CBM and IBM, we provide a new angle how we can structure the requirement frame for specification, where we divide the requirement as follows for support of BC across different groups:
1. IBM, and “both (IBM+CBM)”, the UE meets the requirement with different input level PSD, the BS can use either CBM or IBM beam management RS at least for collocated. IBM support is beneficial for non-colocation (then the different PSD also makes sense)

2. CBM-only (i.e. does not support IBM), it is assumed this needs ‘equal PSD’ to meet the requirement. This can be used at least for colocation (but no limitation)

From the UE implementation aspect, the rationale to categorizing UEs into “IBM/Both” and CBM-only is that a UE support IBM/both is likely to adopt a multi-chain architecture to support the corresponding CBM scenario (same RF implementation for IBM and CBM ), while CBM-only UEs might adopt a single chain architecture. 
For the input levels for the peak EIS requirement for UE indicating IBM or ‘both’ (can support a BM configuration): 

1. Measured carrier: peak REFSENS + relaxation

2. Other carrier: spherical coverage EIS + relaxation (about 10 dB higher than the measured carrier)

like Option 1 above.

For CBM-only for an inter-band BC, then

1. Measured carrier: peak REFSENS + relaxation

2. Other carrier: anything between the peak REFSENS for non-CA to the spherical coverage EIS + relaxation, specify this range or at least the upper level of the spherical coverage EIS requirement as needed to mimic the ‘equal PSD’. A starting point can be peak REFSENS + relaxation as discussed for Option 2 above.

A similar approach can be used for spherical coverage. The throughput requirement shall be met by all carriers for compliance with the requirement.
Proposal 2: for UEs indicating IBM and ‘both’ capability for a BC across different frequency groups, then unequal PSD is used, while for UEs indicating CBM-only the input levels resembling an equal PSD are used.
This is also relevant from a deployment perspective and verification of UE functionality.
3 Proposal
In this contribution, we make the following observations and conclusions for the CBM inter-band DL CA in FR2: 
Observation 1: Both options of PSD condition can be feasible for testing the CBM UEs minimum requirement between different frequency groups. RAN4 can select one of them to define the minimum requirement for CBM UEs in different frequency groups. 

Observation 2: CBM UEs can offer similar performance as IBM UEs in a co-located scenario across different frequency groups. 
Proposal 1: consider adopting the same relaxation factor for REFSENS and EIS spherical coverage between CBM and IBM UEs for different frequency groups. 

Proposal 2: for UEs indicating IBM and ‘both’ capability for a BC across different frequency groups, then unequal PSD is used, while for UEs indicating CBM-only the input levels resembling an equal PSD are used.
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