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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 as below, however, many issues are pending on the decision of UE architectures and not much progress comparing to previous meeting. This paper continues discussing these issues.
	Applicability of requirements for CBM UEs
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. Companies are encouraged to share analysis of degradation in spherical coverage as a function of frequency distance to BMRS.

REFSENS requirement
· Option 1: REFSENS relaxation structure of intra-band non-contiguous CA is a starting point applied to inter-band CA within same freq group and same REFSENS relaxation is applied to both bands of a band combination within same freq group.
· Option 2: REFSENS relaxation structure is based on IBM interband CA
EIS spherical coverage requirement
· Option 1: EIS spherical coverage requirements is not specified for CBM UE.

· Option 2: EIS spherical coverage requirements is specified for CBM UE
Whether Fs_inter_CBM capability is needed
PSD condition for EIS tests


2 Discussion
2.1 UE architecture
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.


And in last meeting several papers have discussed the potential UE architectures in implementation, including the “single Beam CBM” and “multi beam CBM”. 
However, it should be noticed that the “single Beam CBM” here doesn’t mean there is only one beam for the aggregated two bands, instead, it means shared RF chain and antenna panel implementation, and with one codebook applied to the two bands, still it can generate two beams with one for each band, as shown in Figure 1 below, the only limitation is codebook derived from one band and no adjustment can be done to the other band. So the “single Beam CBM” is somehow misleading, and using e.g. “shared hardware CBM” might be more appropriate.
Observation 1:          For UE with shared hardware CBM, it can generate two beams with single beam codebook derived from one band and no adjustment can be done to the other band.
Proposal 1:               It is proposed to use e.g. “shared hardware CBM/separate hardware CBM” instead of “single beam CBM/ multi beam CBM” to avoid misunderstanding on the beam numbers that can be generated.
And for the “multi beam CBM”, actually the only difference is that it has separate hardware for the beam generating as shown in Figure 2 below. Still one codebook is applied to each band and there is possibility that different codebook is applied to each band with codebook mapping to each other but it is decided by same DL reference signal in only one band so the mapping is not as flexible as IBM.
Observation 2:          For UE with separate hardware CBM, it can generate two beams with same or different beam codebooks for the two bands, however, the codebooks are derived from one band and mapping needs to be done for the two bands.
Observation 3:          The separate hardware CBM is not as flexible as IBM due to only one beam reference signal.
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Figure 1 shared hardware CBM between band X and band Y
	· Shared hardware CBM
· 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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Figure 2 Separate hardware CBM between band X and band Y

	· 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.


Observation 4:          For the shared hardware CBM, the supported inter-band CA within same frequency group might be restricted by the maximum receive BW limitation.
Observation 5:          For the separate hardware CBM, no restriction on the frequency separation of the band combination, but in reality this UE most likely can also support IBM.
From implementation perspective, both shared/separate hardware CBM are possible, but the separate hardware CBM is most likely also support IBM. It is not clear in RAN4 whether UE is allowed to support both CBM and IBM and how to treat the UE requirements once it supports both e.g. does it needs to meet both CBM requirements and IBM requirements or only meet IBM requirements is enough?
If we further check RAN2 specs in 38.306 and 38.331 as below, it seems that only one beam management capability is supported.

[image: image3.png]Definitions for parameters

beamManagementType-r16

Indicates the supported beam m: ment for inter-band CA within FR2.
Beam management type can be independent beam management (IBM) or common
beam management (CBM,

In this release of the specification, the UE shall only report value of 'ibm'.

Per‘M

BC

Yes

FDD-
TDD
DIFF
TDD
only

FR1-
FR2
DIFF
FR2
only




[image: image4.png]CA-ParametersNR-v1630 SEQUENCE {

—— RI 22-5b: Simultaneous transmission of SRS for antenna switching and S
—- RI 22-5d: Simultaneous transmission of SRS for antenna switching for inter-band UL CA
SimulTX-SRS-AntSwitchingInterBandUL-CA-r16 SimulSRS-ForAntennaSwitching-rl6

intraBandFreqSeparationUL-AggBW-GapBli-rl6 ENUMERATED {classI, classII, classIIT

—- RAN 89: Case B in case of Inter-band CA with non-aligned frame boundaries
interCA-NonAlignedFrame-B-r16 ENUMERATED {supported)

S for CB/NCB /BM for inter-band

OPTIONA

OPTIONAL,
OPTIONAL,

OPTIONAL

uL ca




Observation 6:          It is not clear in RAN4 whether UE is allowed to support both CBM and IBM and how to treat the corresponding requirements once it supports both.
Observation 7:          RAN2 Rel-16 only allow UE to report either CBM or IBM capability, but not both of them.
Proposal 2:               It is proposed to clarify in RAN4 whether UE is allowed to support both IBM and CBM capability, and whether both CBM/IBM requirements need to be met or only IBM requirement is enough.
Assume RAN4 finally allows UE to support both CBM and IBM, then UE with separate hardware CBM will need to be supported since IBM UE can be configured with only DL reference signal at one band.
Proposal 3:               It is proposed to consider both shared hardware CBM and separate hardware CBM implementations in requirement definition.
Meanwhile, in [3] it compared the separate hardware CBM and shared hardware CBM, and it can be seen that the separate hardware CBM is more advanced or at least same performance as shared hardware CBM. However, if we consider the implementation as below Figure 3, it can be seen that still the separate hardware CBM might face some challenges in getting the common spherical coverage than shared hardware CBM due to different panel locations.
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Figure 3 Beams generated by shared hardware CBM and separate hardware CBM

Observation 8:          Separate hardware CBM is more flexible but still facing some difficulties than shared hardware CBM, e.g. in generating spherical coverage.
Therefore, to cover both shared hardware CBM and separate hardware CBM, it might be needed to define a superset requirement for both implementations. And no differentiation of both implementations to NW.
Proposal 4:               It is proposed to define a superset requirement for both implementations and not differentiate them in testing or signaling.
2.2 REFSENS requirements
Currently the options discussed in last meeting is following the REFSENS relaxation structure either intra-band non-contiguous CA or inter-band IBM CA.
For the intra-band non-contiguous CA REFSENS, the EIS with relaxation shall be met simultaneously for both bands, as shown below. 
If we follow this testing approaches, it is actually for separate hardware CBM UE, the two bands might have difficulty to meet the REFSENS simultaneous due to panel distance as shown in Figure 3. And the EIS relaxation should be large enough to accommodate the separate hardware CBM implementation.
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Observation 9:          Separate hardware CBM UE has difficulty in making two bands meet REFSENS simultaneously due to panel location difference.
For the inter-band CA, REFSENS is tested for one band and with the other band setting its DL power at a relatively high power level (at spherical coverage), so the other band is working as a interferer to the band under testing. And a relative larger relaxation comapring was defined.
If we follow this testing approach, then the interference effect will be bigger than the inter band IBM since they have much larger freq separation than the same freq group bands. Then either larger relaxation are defined with current framework or the other band should be set at a lower power than the IBM has defined.
[image: image7.png]Table 7.3A.2.3-1: AR;g reference sensitivity relaxation for inter-band CA for power class 3
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Observation 10:        CBM within same freq group may face larger interference than IBM if follow the IBM testing approach.
Proposal 5:               It is proposed to choose either of following approaches:

· Approach 1: Testing CBM UE with intra-band non-contiguous approach with either define larger relaxation or REFSENS are not required to be met at the same direction.
· Approach 2: Testing CBM UE with inter-band IBM approach with either larger relaxation or setting the other band not under test with a lower power than spherical coverage.
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 11:        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 12:        There is no REFSENS difference between bands in 28GHz group, and same relaxation can be applied to the bands in a band combination.
Proposal 6:               Same REFSENS relaxation is applied to both bands of a band combination within same freq group.

Proposal 7:               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, as discussed above in Figure 3 the separate hardware CBM is more difficult than shared hardware CBM in achieving common spherical coverage and this might be an argument in defining this requirement. But meanwhile, CBM UE is not able to adjust the 2nd beam freely this makes the spherical coverage be a challenge for CBM. If specified, then large relaxation is expected.
Observation 13:        Common spherical coverage requirement is challenge for CBM UEs since not be able to adjust 2nd beam as IBM can do and even more difficult for separate hardware CBM UE.
Proposal 8:               For common spherical coverage, larger relaxation comparing to IBM should be defined if specify this requirement for CBM.
2.3 Fs_inter
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 9:               Introduce frequency separation class for inter-band combination within same freq group CBM UE similar as the Fs in intra-band non-contiguous CA.
3 Conclusion
2.1 UE architecture
Observation 1:          For UE with shared hardware CBM, it can generate two beams with single beam codebook derived from one band and no adjustment can be done to the other band.
Proposal 1:               It is proposed to use e.g. “shared hardware CBM/separate hardware CBM” instead of “single beam CBM/ multi beam CBM” to avoid misunderstanding on the beam numbers that can be generated.
Observation 2:          For UE with separate hardware CBM, it can generate two beams with same or different beam codebooks for the two bands, however, the codebooks are derived from one band and mapping needs to be done for the two bands.
Observation 3:          The separate hardware CBM is not as flexible as IBM due to only one beam reference signal.
Observation 4:          For the shared hardware CBM, the supported inter-band CA within same frequency group might be restricted by the maximum receive BW limitation.
Observation 5:          For the separate hardware CBM, no restriction on the frequency separation of the band combination, but in reality this UE most likely can also support IBM.
Observation 6:          It is not clear in RAN4 whether UE is allowed to support both CBM and IBM and how to treat the corresponding requirements once it supports both.
Observation 7:          RAN2 Rel-16 only allow UE to report either CBM or IBM capability, but not both of them.
Proposal 2:               It is proposed to clarify in RAN4 whether UE is allowed to support both IBM and CBM capability, and whether both CBM/IBM requirements need to be met or only IBM requirement is enough.
Proposal 3:               It is proposed to consider both shared hardware CBM and separate hardware CBM implementations in requirement definition.
Observation 8:          Separate hardware CBM is more flexible but still facing some difficulties than shared hardware CBM, e.g. in generating spherical coverage.
Proposal 4:               It is proposed to define a superset requirement for both implementations and not differentiate them in testing or signaling.

2.2 REFSENS requirements
Observation 9:          Separate hardware CBM UE has difficulty in making two bands meet REFSENS simultaneously due to panel location difference.
Observation 10:        CBM within same freq group may face larger interference than IBM if follow the IBM testing approach.
Proposal 5:               It is proposed to choose either of following approaches:

· Approach 1: Testing CBM UE with intra-band non-contiguous approach with either define larger relaxation or REFSENS are not required to be met at the same direction.
· Approach 2: Testing CBM UE with inter-band IBM approach with either larger relaxation or setting the other band not under test with a lower power than spherical coverage.
Observation 11:        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 12:        There is no REFSENS difference between bands in 28GHz group, and same relaxation can be applied to the bands in a band combination.
Proposal 6:               Same REFSENS relaxation is applied to both bands of a band combination within same freq group.

Proposal 7:               Further study whether same REFSENS relaxation can be applied to all bands within same freq group no matter which combination belongs to.

Observation 13:        Common spherical coverage requirement is challenge for CBM UEs since not be able to adjust 2nd beam as IBM can do and even more difficult for separate hardware CBM UE.
Proposal 8:               For common spherical coverage, larger relaxation comparing to IBM should be defined if specify this requirement for CBM.

2.3 Fs_inter
Proposal 9:               Introduce frequency separation class for inter-band combination within same freq group CBM UE similar as the Fs in intra-band non-contiguous CA.
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