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1 Introduction
In Rel-16, only IBM inter-band DL CA on 28GHz+39GHz requirement is specified. Other inter-band DL CA RF requirements are within Rel-17 WI objectives. Open issues require for further discussion:
· Whether L+L/H+H band combinations apply for CBM type

· Additional Separation class signaling

· Spherical coverage requirement

· Whether CBM type can support non-collocated deployment

· MRTD

· Whether L+L/H+H band combinations apply for IBM type

· Whether L+H Band combination apply for CBM type

This paper provides the analysis on IBM and CBM applicability for FR2 inter-band DL CA.
2 Discussion
2.1 Whether L+L/H+H band combinations apply for CBM type
In the last RAN4 meeting, WF[1] on applicability of CBM/IBM for different CA was approved, following issues and corresponding agreements are captured:

	· FFS whether CBM is only applicable for CA configurations with same freq. group

· IBM UE capability is applicable for all CA configurations

· FFS if IBM should be baseline

· FFS if the same IBM requirements apply to all CA configurations

· FFS whether and/or how frequency separation class is introduced for inter-band CA based on CBM and IBM


Meanwhile, WF[2][3] are approved on UE RF requirements for:

· UE requirements for CA configurations CA_n258A-n260A and CA_n257A-n259A based on IBM
· UE requirements for CA configurations within the same frequency group based on CBM
From the above WFs, it is obviously that we ignore the applicability study of L+L/H+H band combinations based on CBM. However, CBM MRTD problem cannot be avoidable, 0.26us is not easy for gNB to ensure across different band. MRTD larger than CP length will obviously impact demodulation performance. 
Observation1: Without performance degradation allowance, “BCs within the same freq. group based on CBM” is not applicable.

Proposal 1: RAN4 also study applicability on “BCs within the same freq. group based on CBM”, 2 options are provided:

· Option 1: Accept demodulation performance degradation for L+L/H+H band combinations with CBM type, and make clarification into RAN4 spec.
· Option 2: Confirm “BCs within the same freq. group based on CBM” is not applicable.
2.2 Whether L+H band combinations apply for CBM type
We firstly need to make clear definition on CBM or IBM UE capability. It does not represent RF architecture, it actually means whether CCs across band use the common reference signal for beam measurement. In the currently TS 38.101-2, CBM or IBM is not clearly defined while in RAN2 spec it just follows RAN4 agreement in Feature list which is also ambiguous, it says:

	8-5
	Inter-band DL CA
	1 Indicate the supported beam management type for inter-band CA within FR2. Beam management type can be independent beam management (IBM) or common beam management (CBM)


We provide a Rel-16 CR to clearly define CBM and IBM in TS 38.101-2, and also copy the definition here:
Independent beam management (IBM): UE select a suitable DL beam for CCs across bands based on DL measurements on both Bands.
Common beam management (CBM): UE select a suitable DL beam for CCs across bands based on DL measurements only on one of the Bands.
Proposal 2: RAN4 agrees to clearly define CBM/IBM in TS 38.101-2, it can be defined as:

Independent beam management (IBM): UE select a suitable DL beam for CCs across bands based on DL measurements on both Bands.

Common beam management (CBM): UE select a suitable DL beam for CCs across bands based on DL measurements only on one of the Bands.

For L+H Band combinations, UE may have separate RF components to support different band, but the separate RF chains could use the same analogue codebook. So, there is no connection between CBM and common RF chain, any RF architecture could realize CBM inter-band CA. CBM can save UE’s power consumption from frequent beam measurement, and it also saves RS configuration overhead for network. 
However, considering the CBM MRTD problem, there is also demodulation performance degradation for BCs in different freq. group with CBM type.

Proposal 3: BCs in different freq. group with CBM type is applicable, and there is demodulation performance degradation.
2.3 Whether CBM type can support non-collocated deployment

The antenna array on gNB side is much larger than UE side, thus gNB actually can generate much finer beam than UE side. It means even non-collocated gNBs send beams from different directions to the UE side, UE is possible to receive the DL beams with one relative rough beam. However, performance degeneration cannot be avoided. As discussed before, even for collocated deployment, performance degeneration for CBM type cannot be avoided.

From Antenna pattern simulation, we provide following evaluation. We can simply write antenna array pattern as defined in TR 38.803:

	Parameter
	Values

	Composite Array radiation pattern in dB 
[image: image1.wmf](

)

j

q

,

A

A


	For beam i:


[image: image2.wmf](

)

(

)

÷

÷

ø

ö

ç

ç

è

æ

×

+

=

å

å

=

=

2

1

,

,

,

1

10

,

log

10

,

,

V

H

N

n

m

n

m

n

i

N

m

E

Beami

A

v

w

A

A

j

q

j

q


the super position vector is given by:
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the weighting is given by:
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If we assume gNB antenna array size is 16*16, 3dB beam width (HPBW) could be 6o, the angle between 2 DL beams of the non-collocated gNBs is 30o. When PC3 UE antenna array size is 2*2, the 3dB beam width could be 50o, then this rough beam can cover 2 DL beams from gNBs. It can be seen as in Fig 1.
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Fig1. How CBM UE support non-collocated deployment
Based on the discussions in previous meetings, non-collocated deployment is definitely required from operators. From our analysis, CBM UE existed in such network could work normally when the DL beams and the angle between gNBs are less than UE beam width. It is not reasonable that gNB could not schedule such UEs only because of CBM type.
However, considering TAE for FR2 inter-band CA is already 3us, MRTD for CBM inter-band CA should be larger than 3us to support non-collocated deployment. 
Observation 2: CA configuration with CBM type can support non-collocated deployment considering half power beam width of gNB and UE. 
Proposal 4: Clarify in RAN4 spec that CBM type can support non-collocated deployment with possible demodulation performance degradation.
In summary, we provide relation among Band configuration, BM capability and deployment in table 1:

Table 1. Relation among Band configuration, BM capability and deployment

	Band configuration
	CBM/IBM 
	MRTD
	Deployment

	L+L or H+H
	IBM
	8μs(TAE=3μs propagation difference=5μs)
	Both collocated and non-collocated

	L+L or H+H
	CBM
	Xμs(TAE=3μs propagation difference=X-3μs)
	Collocated, and some non-collocated(performance degrade)

	L+H
	IBM
	8μs(TAE=3μs propagation difference=5μs)
	Both collocated and non-collocated

	L+H
	CBM
	Xus(TAE=3μs propagation difference=X-3μs)
	Collocated, and some non-collocated(performance degrade)


From the above analysis, we can see CBM is applicable for any CA configuration if performance degradation is allowed. 
Proposal 5: IBM/CBM is indicated per band combination as an UE capability, there is no limitation on feasible BM type for each band configuration.
2.4 Separation class for inter-band CA
In Rel-16, RAN4 analyze on L+L or H+H inter-band CA separation span, we copy the analysis as below:

Table 2 separation span for inter-band 28+28GHz or 39+39GHz CA

	Frequency span (MHz)
	Example DL CA configuration

	800
	n260F

	1400
	n260A-A

	2400
	n260A-A

	4100
	n258A_n261A

	5250
	n258A_n257A

	6500
	n260A_n259A


From table 1, we can see that up to 6GHz separation exists for L+L or H+H inter-band CA while the UE is highly not possible to support 6GHz span with one receiving path. 
Assume UE use the common RF chain to support L+L or H+H inter-band CA, it actually is similar to intra-band DL CA. Separation class capability needs to be extended into L+L and H+H CA combinations, so we propose to introduce separation class capability be reported per band combination
Proposal 6: Separation class extends to be indicated per band combination for L+L and H+H CA combinations with CBM type.

After Rel-16 FR2 discussion, we introduce DL-only separation class for intra-band NC CA, it actually represents the complementary receiving chain capability. From implementation perspective, if UE has primary and complementary receiving chains for Band n257, this complementary chain can also support CCs on Band n258. It means, such RF architecture(now used for intra-band large separation span) in Fig 2 could also support inter-band DL CA within the same freq. group.
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Fig 2. Separation class and DL-only separation class RF architecture
However, the problem is: such separation class has 2 limitation:
· Separation class+ DL only separation class<=2400MHz

· 2 parts are in contiguous manner with no frequency gap between them

Such limitation actually comes from some design consideration for intra-band.

For “inter-band DL CA within the same freq. group CBM type”, DL only capability is not applicable since UL CCs configuration should be allowed for each band, i.e. each separation span should be bidirectional spectrum. However, if UE support inter-band CA within the same freq. group in 2 RF chains, such UE is not allowed to indicate separation class capability for the 2nd chain which is bidirectional. 

We can see, it does not have the limitation on “DL-only” when the complementary chain is used. But such UEs only can indicate “DL only” for the complementary chain. 
In the last meeting, companies want to introduce separation class per RF chain, we think this manner has better extendibility and compatibility, while DL-only separation is only one corner case for multi RF chain architecture. 
Observation 3: If separation class per RF chain can be introduced, DL-only separation class UE capability is enabled or removed.
3 Conclusion

In this contribution we discussed on the open issues on CBM and IBM for inter-band DL CA, according to the analysis, we have the following proposals: 
Observation1: Without performance degradation allowance, “BCs within the same freq. group based on CBM” is not applicable.

Proposal 1: RAN4 also study applicability on “BCs within the same freq. group based on CBM”, 2 options are provided:

· Option 1: Accept demodulation performance degradation for L+L/H+H band combinations with CBM type, and make clarification into RAN4 spec.
· Option 2: Confirm “BCs within the same freq. group based on CBM” is not applicable.
Proposal 2: RAN4 agrees to clearly define CBM/IBM in TS 38.101-2, it can be defined as:

Independent beam management (IBM): UE select a suitable DL beam for CCs across bands based on DL measurements on both Bands.

Common beam management (CBM): UE select a suitable DL beam for CCs across bands based on DL measurements only on one of the Bands.

Proposal 3: BCs in different freq. group with CBM type is applicable, and there is demodulation performance degradation.
Observation 2: CA configuration with CBM type can support non-collocated deployment considering half power beam width of gNB and UE. 
Proposal 4: Clarify in RAN4 spec that CBM type can support non-collocated deployment with possible demodulation performance degradation.
Proposal 5: IBM/CBM is indicated per band combination as an UE capability, there is no limitation on feasible BM type for each band configuration.
Proposal 6: Separation class extends to be indicated per band combination for L+L and H+H CA combinations with CBM type.

Observation 3: If separation class per RF chain can be introduced, DL-only separation class UE capability is enabled or removed.
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