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1 Introduction
Agreements for Inter-band DL CA with CBM was captured in Chairman Notes:
	Agreement

•
RAN4 agrees to define CBM requirements in such manner that both single chain and multi chain architectures are possible.
•
The requirement framework and PSD condition of each below requirement shall be FFS for each one, respectively.

•
REFSENS requirement

•
EIS spherical coverage requirement

•
ACS and IBB requirement

•
Max. input power requirement

•
Others

•
Potential requirement framework as starting point

•
Option 1: Intra-band NC framework including relaxations

•
Option 2: Inter-band CA framework including relaxations (∆RIB)

•
Other framework is not precluded


This paper provides further analysis and proposal on inter-band DL CA with CBM. 
2 Discussion
2.1 Architecture and feasibility

For inter-band DL CA CBM, MRTD requirement is not decided in RRM session. Facing the reality, gNB is possibly use different BBU for inter-band CA even under collocated deployment and the same frequency group. The synchronization between bands cannot be ensured.
Meanwhile, RF session concludes on the architecture “Define CBM requirements in such manner that both single chain and multi chain architectures are possible.” Regardless of architecture, there would be un-avoidable performance degradation with 3us MRTD when beam switching. Considering NR is scheduled based on symbol granularity, the loss is limited. The benefit of multi chain architecture would be the separate AGC, and no separation class for inter-band CA is needed. From the analysis, we propose to define possible performance degradation in the spec similar as for BWP switching in table 7.6.4-1(TS 38.133).
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2
	0.26

	Note 1: 
In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.


Proposal 1: Regardless of RF architecture, accept demodulation performance degradation for inter-band DL CA CBM, and make clarification into RAN4 spec.
2.2 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 2: Separation class extends to be indicated per band combination for inter-band CA within the same frequency group in CBM.
2.3 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 3: Define inter-band CA CBM requirement framework as the agreement for inter-band CA IBM, including following items:

· Max peak EIS

· Max spherical coverage EIS

· Relaxation requirement 

· PSD difference condition

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 4: 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.
2.4 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.

2.4.1 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 2: it is applicable for UE to implement inter-band CA with different frequency group in CBM.

2.4.2  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


2.4.3 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.
2.5 Other issue

Test issue is proposed during the discussion of last meeting, as below:

	CBM requirements applicability for a UE supporting Band A + Band B CA based on CBM
	[BMRS] Location

	
	In band ‘A’
	in band ‘B’

	Tested Band
	‘A’
	FFS
	FFS

	
	‘B’
	FFS
	FFS


Beam management for CBM is similar as for intra-band DL CA. Currently, BMRS for RF requirement measurement is defined clearly for transmitter requirement, SSB and CSI-RS is always configured to UE and with certain QCL relation. While for Refsens measurement, there is almost no discussion in RAN4. In TS 38.508-1, DL RS for Refsens test configuration is as in Table 4.6.3-167:
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No CSI-RS is configured to the UE, and SSB is configured to both CCs.

For inter-band DL CA CBM, the test RS configuration could leave to RAN5.
Proposal 9: For inter-band DL CA BM RS configuration, leave it to RAN5.
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: Regardless of RF architecture, accept demodulation performance degradation for inter-band DL CA CBM, and make clarification into RAN4 spec

Proposal 2: 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 3: Define inter-band CA CBM requirement framework as the agreement for inter-band CA IBM, including following items:

•
Max peak EIS

•
Max spherical coverage EIS

•
Relaxation requirement 

•
PSD difference condition

Proposal 4: 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: 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.
Proposal 9: For inter-band DL CA BM RS configuration, leave it to RAN5.
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