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1 Introduction
WF[1] for Inter-band DL CA with CBM was approved:
	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

Agreement:

Discussion postponed until after decision on reference architecture(s)

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

Agreement:

Discussion postponed until after decision on reference architecture(s)

Whether Fs_inter_CBM capability is needed

FFS

PSD condition for EIS tests

Discussion postponed until after decision on reference architecture(s)


This paper provides further analysis on inter-band DL CA with CBM. 
2 Discussion
2.1 Inter-band CA separation class

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. 

For Band within the same frequency group, if UE only have on receiving chain for one frequency group, UE need to clearly indicate the UE capability to network that the maximum span UE can support on the only receiving path to support this frequency group.

If UE has two receiving chains for one frequency group, and UE indicate its per Band separation class to the network, it would be enough for such UE getting the correct configuration. For example, For CA_n257+n258, UE indicates separation class II for Band n257, and separation class II for Band n258, then network can configure inter-band CA on each Band following UE’s capability.

Then it is clear, for UEs manufactured with only one receiving chain for one frequency group, inter-band separation class should be defined.

For UEs manufactured with 2 receiving chains, there is no need to define new UE capability.
If no capability is defined, it seems UE is mandatory to be equipped with 2 RF chains for each frequency group, to support inter-band DL CA even with CBM. We think it is not reasonable.

Proposal 1: Separation class extends to be indicated per band combination for inter-band CA within the same frequency group in CBM.
2.2 CBM RF requirement for inter-band CA within same Frequency group
In Rel-16, RF requirements related to Refsens defined for CA_n260+n261 with IBM are as following:

· Maximum Peak EIS: defined for each Band separately

· Maximum spherical coverage EIS: 2 Bands has a common coverage which meet spherical EIS requirement

· Relaxation requirement: defined for both peak direction and spherical directions

· PSD difference between 2 Bands: the difference between peak EIS on one Band and spherical EIS on the other Band

Maximum Peak EIS requirement is definitely needed for inter-band CA within same Frequency group, it is already common understanding in RAN4.

Observation 1: RAN4 already agrees to define Maximum Peak EIS requirement for inter-band CA within same Frequency group in CBM.

Considering the agreement “there are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs.”, inter-band CA within the same freq group is unlike intra-band CA. in TS 38.133, intra-band CA is always considered as collocated deployed. 

Thus, we prefer to also define Maximum spherical coverage EIS for inter-band CA within same Frequency group. For example, if UE support both 24GHz and 28GHz in CBM, if common RF components are shared, spherical requirement is expected be impacted. Defining spherical requirement can ensure UE can simultaneously support both Bands on each spherical point. 
Proposal 2: Define Maximum spherical coverage EIS for inter-band CA within same frequency group in CBM.
For relaxation requirement, we cannot just follow intra-band CA, because UE need to support un-collocated deployment, and UE need to support PSD difference between 2 Bands considering propagation difference. It is better to follow IBM relaxation requirement defined for both peak and spherical directions. 

For UEs manufactured with only one RF chain for one frequency group, UE need to indicate inter-band separation class, within its supported separation class, maximum PSD difference is defined as 6dB.

For UEs manufactured with 2 or multiple RF chains for one frequency group, UE support inter-band CA even in CBM with different chains, PSD difference like IBM requirement is required.

Proposal 3: Define PSD difference between 2 Bands as 6dB for UEs manufactured with only one RF chain for one frequency group; and Define PSD difference between 2 Bands as IBM type for UEs manufactured with 2 or more RF chains for one frequency group.
The other problem is, performance degradation for CBM CA.

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. 

Observation 2: Without performance degradation allowance, “BCs within the same freq. group based on CBM” is not applicable.

Proposal 4: RAN4 introduce “BCs within the same freq. group based on CBM”, performance relaxation should be allowed:

Accept demodulation performance degradation for L+L/H+H band combinations with CBM type, and make clarification into RAN4 spec.
2.3 CBM RF requirement for inter-band CA with different frequency group
In FR2 RF enh WID, it is clearly stated inter-band CA with different frequency group in CBM is evaluated.

Considering the agreement “There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs.” And “RAN4 will not label CBM or IBM as a default BM method for any band combination. Used beam management is based on UE capability. This issue is not discussed anymore in RAN4”, obviously we also need to define RF requirements for inter-band CA with different frequency group in CBM type.

2.3.1 Is it applicable for UE implementation

From UE implementation, it is applicable. We have discussed this from Rel-16. For 28G+39G CA combination, CBM means UE use the analog codebook derived based on 28GHz on 39GHz beam generation. From beam squinting study, we can see there would be 20-30 degree squinting from 28G to 39G, while if UE has been designed with some calibration work, this difference could be reduced. 

Observation 3: it is applicable for UE to implement inter-band CA with different frequency group in CBM.

2.3.2  RF requirements
Firstly, when inter-band CA band configuration request are raised in the basket WI, it does not include IBM or CBM type because it is depending on UE capability. For each Band configuration requested by operators, both IBM and CBM requirements should be defined.

Proposal 5: For each Band configuration requested by operators, both IBM and CBM requirements should be defined in TS 38.101-2.

Maximum Peak EIS requirement is definitely needed for inter-band CA from different Frequency group in CBM.

Considering Bands are from different frequency group and need to ensure simultaneously transmission on each spherical point, Maximum spherical coverage EIS is needed.
For relaxation requirements and PSD difference requirement, it is actually similar as for IBM CA from different frequency group. We think it can just follow the current requirement defined for CA_n260+n261, while the relaxation requirement may need to consider specifically.

Proposal 6: For inter-band CA from different frequency group in CBM, the RF requirement framework can follow IBM requirement. Maximum Peak EIS requirement, spherical coverage EIS, relaxation requirements, and PSD difference should be defined. For relaxation requirements, it can be defined based on specific Band combination.
Proposal 7: Define relaxation requirements for CBM inter-band CA with different frequency group as in following table:
	Band configurations
	Relaxation requirements

	CA_n257-n259
	4dB

	CA_n258-n260
	3.5dB

	CA_n261-n260
	3.5dB


2.3.3 Power management

For the following agreement:
· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP
We would like to clarify, for inter-band CA within the same frequency group, there is agreement in Rel-16 that beam squinting effect is not large, it seems even BM RS is provided in a DL CC without paired UL CC, the UL CC could also find the correspondence UL beam.

Proposal 8: For inter-band within the same frequency group in CBM, BM RS is not mandatory to be configured in a CC with configured UL BWP.

3 Conclusion

In this contribution we discussed on the open issues on inter-band DL CA with CBM, according to the analysis, we have the following proposals: 
Proposal 1: Separation class extends to be indicated per band combination for inter-band CA within the same frequency group in CBM.
Observation 1: RAN4 already agrees to define Maximum Peak EIS requirement for inter-band CA within same Frequency group in CBM.

Proposal 2: Define Maximum spherical coverage EIS for inter-band CA within same frequency group in CBM.
Proposal 3: Define PSD difference between 2 Bands as 6dB for UEs manufactured with only one RF chain for one frequency group; and Define PSD difference between 2 Bands as IBM type for UEs manufactured with 2 or more RF chains for one frequency group.
Observation 2: Without performance degradation allowance, “BCs within the same freq. group based on CBM” is not applicable.

Proposal 4: RAN4 introduce “BCs within the same freq. group based on CBM”, performance relaxation should be allowed:

Accept demodulation performance degradation for L+L/H+H band combinations with CBM type, and make clarification into RAN4 spec.
Observation 3: it is applicable for UE to implement inter-band CA with different frequency group in CBM.

Proposal 5: For each Band configuration requested by operators, both IBM and CBM requirements should be defined in TS 38.101-2.

Proposal 6: For inter-band CA from different frequency group in CBM, the RF requirement framework can follow IBM requirement. Maximum Peak EIS requirement, spherical coverage EIS, relaxation requirements, and PSD difference should be defined. For relaxation requirements, it can be defined based on specific Band combination.
Proposal 7: Define relaxation requirements for CBM inter-band CA with different frequency group as in following table:

	Band configurations
	Relaxation requirements

	CA_n257-n259
	4dB

	CA_n258-n260
	3.5dB

	CA_n261-n260
	3.5dB


Proposal 8: For inter-band within the same frequency group in CBM, BM RS is not mandatory to be configured in a CC with configured UL BWP.
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