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1 Introduction
During RAN4 #94bis-e meeting, WF[1] was approved with following agreements:
	· CBM = common beam management between the band pair

· IBM = independent beam management between the band pairs

· How to distinguish between CBM and IBM band pairs will be further discussed and decided in RAN4#95. 

· Choose between two alternatives: 

· A) per band pair capability to declare IBM or CBM

· B) IBM / CBM band pairs defined in specification. 

· Network does not assume CBM UE supports non-co-located deployment

· This doesn’t mean the network cannot configure CBM UE in non-co-located deployment 

· Network assumes IBM UE supports both co-located and non-co-located deployments.
· PSD difference between bands in Refsens i.e. peak EIS: 

· Agree PSD difference is within a range[6.5 – 30] dB and RAN4 aims to agree one number in RAN4#95

· PSD difference between bands in EIS spherical coverage: 

· Agree a range[6.5 – 30] dB and target to agree one number in RAN4#95


This paper provides further proposal on inter-band DL CA. 
2 Discussion
2.1 How to distinguish between CBM and IBM
For distinguishing between CBM and IBM, 2 options are provided in [1]:

A) per band pair capability to declare IBM or CBM

B) IBM / CBM band pairs defined in specification. 

In the previous RAN4 meetings, we heard deployment requirement from operators that “ We had the requirement on collocated and non-collocated deployments for mmWave 28+28, 28+39 and 39+39 CA from beginning of Rel-16. “

And we have agreement that Network does not assume CBM UE supports non-co-located deployment, but the network still can configure CBM UE in non-colocated deployment. For example, if 28+28GHz CA is only specified with CBM, then even non-collocated deployment configure 28+28GHz CA to the UE, there will be performance loss which comes from the RSRP difference on 2nd CC which use the beam management result on 1st CC. Although there is implementation difficulties with the current RF technology, but it should be allowed with IBM for 28+28GHz CA to match the real deployment.
It means we cannot differentiate IBM/CBM with band pairs defined in specification. A certain band combination may have both collated and non-collocated deployment in the real network.

Proposal 1: distinguishing between CBM and IBM with per band pair capability to declare IBM or CBM.
Furthermore, CBM UE does not mean the UE is definitely use the same RF chain for both bands. Maybe only part of components are common used between bands. So CBM UE may not requires for stringent MRTD(e.g. 0.26us) as for intra-band CA. 
Observation 1: CBM UE may not requires for stringent MRTD(e.g. 0.26us) as for intra-band CA. 
CBM and IBM is not a purely RF capability but also relates to the baseband algorithm. For CBM, the UE maybe just maintain one beam management procedure for CA case but have 2 set of RF chain to support each band. While for IBM, it does not mean the gNB need to configure RS signal on each CC always.

Observation 2: gNB only configure beam management RS to one CC for CBM UE, while can configure beam management RS to one CC or both CCs for IBM UE which is deployment dependent.

For IBM UE, it is assumed to support both collocated and non-collocated deployment. For PSD difference, we can see up to 30dB PSD difference existed for typical inter-band CA scenario. Thus MRTD=8us and PSD difference up to 30dB is supported by IBM UE.
For CBM UE, considering common components could be used and the beam measurement is based on PSD, 6dB PSD difference should be considered.
Proposal 2: Further Extend the CBM and IBM UE definition:
· Type 1: support MRTD=8us and independent beam management and max PSD difference≤ [30]dB
· Type 2: MRTD=[TBD](depends on RRM session), common beam management and max PSD difference≤ [6]dB
For 2 types FR2 inter-band CA, UE shall be allowed to indicate UE capability for each inter-band CA combination to the network.

Although some values may depends on further confirmation, we at least can define UE capability with type1 and type2 firstly, leaving the specific definition for further discussion.

Proposal 3: Define UE capability for FR2 inter-band CA with type1 and type2 which is indicated per band combination.

2.2 RF requirement
For EIS spherical coverage requirement, it is agreed in WF[2] that “common EIS spherical coverage range between the two bands shall be 50% for power class 3.” In the last meeting, there was some related discussion on defining different EIS spherical coverage requirement for different type of inter-band CA.
For Type1 inter-band CA(support MRTD=8us and IBM), it is hard to evaluate on the DL beam angles between cells, actually it could be 0 degree to 180 degree: 2 DL beams could be from the same direction or the opposite direction. Then the common spherical coverage requirement may not be always adaptable.

For Type 2 inter-band CA (MRTD=[TBD], CBM and max PSD difference≤ [6]dB), the DL beams actually reach UE in almost the same AOA for collocated deployment, UE need to satisfy the DL spherical coverage requirement in the same range to simultaneously operate on 2 bands.  
However, the RF requirement is related to the UE RF architecture and form factor. We cannot easily conclude that only UE support common spherical coverage requirement can work under CA configuration. Facing this difficulty, we can look back on the beam correspondence requirement definition. Beam correspondence is one feature in RAN1 UE feature list while its RF requirement is decided by RAN4. Finally, this feature is specified to be mandatory while UE can report bit 1 or bit 0 to indicate on the different RF requirement and may lead to different RS configuration(for bit 0, SRS configuration can compensate on the accuracy). Similar with beam correspondence, we can define single bit to indicate different RF requirement for inter-band CA:

· Bit 0: Spherical coverage for each band determinedly separately without common range definition
· Bit 1: common EIS spherical coverage range between the two bands shall be 50% for power class 3

Proposal 4: RAN4 agrees to define different EIS spherical coverage requirement for different inter-band CA and indicate the RF requirement with single bit:
· Bit 0: Spherical coverage for each band determinedly separately without common range definition
· Bit 1: common EIS spherical coverage range between the two bands shall be 50% for power class 3
2.2.1 Polarization requirement for inter-band CA

In TS 38.306, DL MIMO layer UE capability is specified as below:
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It means UE need to support 2Rx(dual polarization) mandatory for FR2 single carrier. Actually, when we define the EIS requirement for FR2 we assume dual polarization. For inter-band CA, it is not mandatory to support 2Rx for each band simultaneously. 1Rx for each band is allowed under the current signalling framework. 

Proposal 5: for inter-band CA, single polarization for each band is assumed to define the Rx requirement.

Proposal 6: 3dB EIS requirement difference is required between single polarization and dual polarization architecture for each Band.
2.3 Multi-band relaxation framework

· Spherical coverage requirement: as we discussed in the previous RAN4 meetings, the UE cannot be limited to form the same direction on 28GHz and 39GHz. Assume UE share the same antenna array operate at both 28GHz and 39GHz, and the same analogue codebook are used, we can see up to 20-30 degree beam direction deviation between these 2 bands. Where 30 degree actually means 8% spherical coverage difference between the 2 bands. Thus we propose 10% relaxation on spherical coverage requirement. 
Proposal 7: RAN4 defines 10% relaxation on spherical coverage requirement for inter-band 28GHz+39GHz CA, where spherical coverage means the common spherical coverage range between the 2 bands.

Or 3dB relaxation on spherical coverage requirement for CDF 50% for inter-band 28GHz+39GHz CA.
· Min peak EIS requirement: supporting 28GHz and 39GHz simultaneously would need separate receiving path, since the parallel connection will lead to some change on the inter-stage matching, dalta Rib would be added on each band for peak EIS.

Proposal 8: 3dB per band is defined additionally for inter-band 28GHz+39GHz CA on min peak EIS.
2.4 28+28GHz or 39+39GHz inter-band CA

In the previous RAN4 meeting, there are some analysis on 28+28GHz or 39+39GHz inter-band CA separation span, we copy the analysis as below:

Table 1 separation span for inter-band 28+28GHz or 39+39GHz CA

	Frequency span (MHz)
	Example DL CA configuration
	Notes

	800
	n260F
	“the same beam correspondence relationship for beam management is supported across CCs in Rel-15 and no requirement is specified” [38.101-2]

	1400
	n260A-A
	

	2400
	n260A-A
	Study needed to determine whether the Rel-15 requirement can be reused or should be updated to account for wider frequency span

	4100
	n258A_n261A
	

	5250
	n258A_n257A
	

	6500
	n260A_n259A
	


From UE implementation perspective, common beam management means that UE can share the BM result on all aggregated cells. Thus all CCs need to form the same beam direction which acts like intra-band CA. while balanced PSD assumption ensures UE can use common RF components on the receiving path. It actually have limitation on separation span and co-located deployment. From table 1, we can see that up to 6GHz separation exists for 28+28 or 39+39 inter-band CA while the UE is highly not possible to support 6GHz span with one receiving path.

For type 2 UE, separation class capability needs to be extended into L+L and H+H CA combinations.

· Separation class capability extends to be reported per band combination

· Considering large separation span and UE cannot support 6GHz span in one receiving chain, separation class capability extends to be reported per receiving chain.

Proposal 9: For type 2 UE, separation class extends to be indicated per band combination per receiving chain for L+L and H+H CA combinations.
3 Conclusion

In this contribution we discussed on the open issues on inter-band DL CA, according to the analysis, we have the following proposals:
Proposal 1: distinguishing between CBM and IBM with per band pair capability to declare IBM or CBM.
Observation 1: CBM UE may not requires for stringent MRTD(e.g. 0.26us) as for intra-band CA. 
Observation 2: gNB only configure beam management RS to one CC for CBM UE, while can configure beam management RS to one CC or both CCs for IBM UE which is deployment dependent.

Proposal 2: Further Extend the CBM and IBM UE definition:

· Type 1: support MRTD=8us and independent beam management and max PSD difference≤ [30]dB
· Type 2: MRTD=[TBD](depends on RRM session), common beam management and max PSD difference≤ [6]dB
Proposal 3: Define UE capability for FR2 inter-band CA with type1 and type2 which is indicated per band combination.

Proposal 4: RAN4 agrees to define different EIS spherical coverage requirement for different inter-band CA and indicate the RF requirement with single bit:
· Bit 0: Spherical coverage for each band determinedly separately without common range definition
· Bit 1: common EIS spherical coverage range between the two bands shall be 50% for power class 3
Proposal 5: for inter-band CA, single polarization for each band is assumed to define the Rx requirement.

Proposal 6: 3dB EIS requirement difference is required between single polarization and dual polarization architecture for each Band.
Proposal 7: RAN4 defines 10% relaxation on spherical coverage requirement for inter-band 28GHz+39GHz CA, where spherical coverage means the common spherical coverage range between the 2 bands.

Or 3dB relaxation on spherical coverage requirement for CDF 50% for inter-band 28GHz+39GHz CA.
Proposal 8: 3dB per band is defined additionally for inter-band 28GHz+39GHz CA on min peak EIS.
Proposal 9: For type 2 UE, separation class extends to be indicated per band combination per receiving chain for L+L and H+H CA combinations.
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