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1 Introduction
FR2 Inter-band DL CA within same frequency group based on CBM is one of the target to be specified for Rel-17 FR2. And in last meeting the WF [1] was agreed, however, still with several issues unsolved. This paper continues discussing below aspects.
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* Define UE requirements for inter-band CA within the same freq. group (e.g.
28GHz + 28GHz) for common beam management (CBM) based on requested
band combinations.

* Requirement framework for inter-band DL CA within the same frequency group
based on CBM:

* REFSENS relaxations
* FFS: for CBM between overlapping or touching bands, REFSENS relaxations structure shall follow intra-band CA
* REFSENS relaxations values are band combination dependent
* REFSENS relaxation shall be a function of frequency span between the configured DL CCs.

* FFS whether EIS spherical coverage requirements shall not be specified

* Specify same requirements for maximum input level, ACS and in-band blocking as that for

intra-band CA scenarios
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* Fs_inter_CBM
* RANA4 needs to further discuss whether or not introduce ‘Fs_inter_CBM’ as UE capability to

indicate the maximum frequency span between lower edge of lowest CC and upper edge of
highest CC in FR2 inter-band CA based on CBM which UE can support (as Fs in 5.3A.4 of
TS38.101-2)






2 Discussion
2.1 UE architecture and behavior
Before jump into the requirement details, it might be needed to align on the understanding of UE architecture and behavior of UEs under inter-band DL CA within same freq group based on CBM. 
The CBM definition has been agreed in last meeting, reproduced as below and is defined from beam management perspective. 
	· CBM: (Common Beam Management) 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.

· Note the above definition is based on the agreement on next page “Beam management reference signal location for FR2 CA test”

· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP


And in practice, there might be different UE implementations for CBM:

· Shared RF chain and antenna panel

· This is the most cost efficient implementation, however, it might not be able to support all the inter-band combinations due to the supported channel BW (maximum receive BW) limitation in the receive chain. 
· One beamforming matrix is applied to one antenna panel based on the DL reference signal measurement in Band X. The beam generated for Band X is accurate, and Band Y is inaccurate.
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· Separate RF chains and antenna panels

· This kind of implementation is more flexible, and can support all the inter-band combinations due to separate receive chain and panel used.

· This kind UE has the ability of supporting IBM from hardware perspective, and also can work under CBM if wanted. When working in CBM, then same beamforming matrix or even different beamforming matrix can be applied to respective antenna panels based on the DL reference signal measurement in Band X. The beam generated for Band X is accurate, and Band Y is inaccurate.

[image: image4.emf]Band X

Band Y

Antenna 

Panel

RF 

Receive 

Chain

BB

DL Ref 

Signal

Antenna 

Panel

RF 

Receive 

Chain


Observation 1:          For the shared RF chain and antenna panel architecture, the supported inter-band CA within same frequency group might be restricted by the maximum receive BW limitation.
Observation 2:          For the separate RF chain and antenna panel architecture, no restriction on the frequency separation of the band combination, but most likely this UE can also support IBM.
From the above it can be seen that the separate RF chain and antenna panel architecture is more capable than the shared RF chain and antenna panel architecture. Therefore, considering RAN4 need to accommodate different UE implementations, taking the shared RF chain and antenna panel architecture as baseline is more reasonable.
Proposal 1:               Use shared RF chain and antenna panel architecture as the baseline for inter-band combination within same freq group CBM to define requirements.
As discussed above, the shared RF chain and antenna panel architecture UE might have the limitation of supporting inter-band combination due to the max receive BW. Therefore, this capability shall be known to the NW. And the Fs concept in intra-band non-contiguous can be reused here. Whether to reuse the exact table as below or introduce new tables can be further discussed. 
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Proposal 2:               Introduce frequency separation class for inter-band combination within same freq group CBM UE similar as the Fs in intra-band non-contiguous CA.
2.2 REFSENS requirements
Based on the discussion above, it can be noticed that in FR2 it is similar for the UE to support inter-band within same freq group as intra-band combination since the UE will receive both bands as one band. And this is also supported by most companies in last RAN4 meeting even no final conclusion was reached.
With same reference architecture, it might be reasonable to consider the requirements for inter-band DL CA within same freq group as the intra-band non-contiguous DL CA.
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* Define UE requirements for inter-band CA within the same freq. group (e.g.
28GHz + 28GHz) for common beam management (CBM) based on requested
band combinations.

* Requirement framework for inter-band DL CA within the same frequency group
based on CBM:

* REFSENS relaxations
* FFS: for CBM between overlapping or touching bands, REFSENS relaxations structure shall follow intra-band CA
* REFSENS relaxations values are band combination dependent
* REFSENS relaxation shall be a function of frequency span between the configured DL CCs.

* FFS whether EIS spherical coverage requirements shall not be specified

* Specify same requirements for maximum input level, ACS and in-band blocking as that for

intra-band CA scenarios




Proposal 3:          REFSENS relaxation structure of intra-band non-contiguous CA is applied to inter-band CA within same freq group.

In last meeting it was agreed that the relaxation values are band combination dependent and also depends on the freq span between configured DL CCs. This is similar as the intra-band non-contiguous DL CA REFSENS relaxation format as below, and the freq span is explicitly listed.
[image: image7.png]Table 7.3A.2.2-1: EIS Relaxation for CA operation.
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Further more, for the inter-band DL CA, there might be two approaches to apply the relaxation in each band combination, one is same relaxation applied to both bands, the other mgiht be different values applied. However, with the bands introduced upto now, currently the inter-band DL CA within same freq group is actually refers to the bands within 28GHz, i.e. n257/n258/n261, rather than other bands. And typically one pannel needs to cover all the 28GHz. Applying same relaxation applied to both bands is reasonable and simple for the specification definition. This is also inlined with the same REFSENS requirements for n257/n258/n261 in 38.101-2 and also the spirit of considering inter-band combinations within same freq group as intra-band combination.
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Observation 3:          There are two approaches to apply the REFSENS relaxation, one is apply same for both bands, and the other is apply different values for each band.
Observation 4:          Current inter-band DL CA within same freq group is targeting 28GHz band groups with the FR2 bands defined up to now.
Observation 5:          There is no REFSENS difference between bands in 28GHz group, and same relaxation can be applied.
Proposal 4:               Same REFSENS relaxation is applied to both bands of a band combination within same freq group.

Proposal 5:               Further study whether same REFSENS relaxation can be applied to all bands within same freq group no matter which combination belongs to.

Regarding the EIS spherical coverage for inter-band DL CA within same freq group based on CBM. This is same as the intra-band DL CA, i.e. no requirement is needed, since same UE architecture is used.
Observation 6:          The EIS spherical coverage for inter-band DL CA within same freq group based on CBM is same as the case of intra-band DL CA due to same UE architecture is used.
Proposal 6:               No EIS spherical coverage requirement needs to be defined for inter-band DL CA within same freq group based on CBM.

3 Conclusion
UE architecture and behaviour

Observation 1:          For the shared RF chain and antenna panel architecture, the supported inter-band CA within same frequency group might be restricted by the maximum receive BW limitation.
Observation 2:          For the separate RF chain and antenna panel architecture, no restriction on the frequency separation of the band combination, but most likely this UE can also support IBM.
Proposal 1:               Use shared RF chain and antenna panel architecture as the baseline for inter-band combination within same freq group CBM to define requirements.
Proposal 2:               Introduce frequency separation class for inter-band combination within same freq group CBM UE similar as the Fs in intra-band non-contiguous CA.
REFSENS requirements
Proposal 3:          REFSENS relaxation structure of intra-band non-contiguous CA is applied to inter-band CA within same freq group.

Observation 3:          There are two approaches to apply the REFSENS relaxation, one is apply same for both bands, and the other is apply different values for each band.
Observation 4:          Current inter-band DL CA within same freq group is targeting 28GHz band groups with the FR2 bands defined up to now.
Observation 5:          There is no REFSENS difference between bands in 28GHz group, and same relaxation can be applied.
Proposal 4:               Same REFSENS relaxation is applied to both bands of a band combination within same freq group.

Proposal 5:               Further study whether same REFSENS relaxation can be applied to all bands within same freq group no matter which combination belongs to.

Observation 6:          The EIS spherical coverage for inter-band DL CA within same freq group based on CBM is same as the case of intra-band DL CA due to same UE architecture is used.
Proposal 6:               No EIS spherical coverage requirement needs to be defined for inter-band DL CA within same freq group based on CBM.
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