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1 Introduction
FR2 inter-band DL CA enhancement is one of the target to be specified for Rel-17 FR2. And according to the WID, the items are as below. This paper discuss on the CBM/IBM explicabilities.
	· Inter-band DL CA enhancements [RAN4 RF/RRM]

· Agree a method how applicable CBM/IBM information is captured into specification for a particular CA configuration. Agree how it is decided whether a certain CA configuration is assuming CBM or IBM based requirements (for-example is applicability based on operator request or some general rule or are all CA configurations applicable for both CBM and IBM). 

· Study and if feasible define UE requirements for CBM between different freq. groups (e.g. 28GHz + 37GHz).

· Define requirements for CA_n258A-n260A and CA_n257A-n259A based on IBM (Note these CA configurations will be moved to Basket WI in RAN#90 and more combinations may be added to Basket WI later).

· Define UE requirements for inter-band CA within the same freq. group (e.g. 28GHz + 28GHz) for common beam management (CBM) based on requested band combinations. Evaluate performance impact based on deployment conditions and design constraints, including outcome of MRTD requirement if any.

· Study and if feasible define UE RF requirements for inter-band CA within the same freq. group (e.g. 28GHz + 28GHz) for (IBM) based on explicitly requested band combinations.

· Both RF and RRM requirement aspects are in scope for DL interband CA.


2 Discussion
2.1 CBM/IBM applicability
The CBM/IBM applicability has been discussed in last meeting and WF [1] was agreed capturing the status up to now (copied below). There still some open issues needs further alignment in RAN4. In this section, we will discuss these leftover issues.
	Issue 2-1: whether CBM is only applicable for CA configurations with same freq. group

· Option 1: Yes, CBM can only support CA configurations within same frequency group

· Option 2: No, there is not restrictions which CA configurations CBM UE can support

· Option 3: Other

· Agreement

· FFS whether CBM can only support CA configurations within same frequency group
Issue 2-2: whether IBM is applicable for all CA configurations

· Option 1:  Yes, by default IBM is applicable for all CA configurations 

· Option 2:  No, IBM is not by default  applicable for all CA configurations 

· Option 3: Other

· Agreement

· IBM UE capability is applicable for all CA configurations

· FFS if IBM should be the baseline (i.e., if CBM can be considered as an incapability signaling for the UE to use for certain allowed band combinations)

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


The CBM/IBM applicability can be discussed from two aspects, one is the band combination requirements, and the other is the UE capability and NW scheduling. From the band combination requirement definition perspective, restricting the BM types would be helpful to reduce workload, but with the agreements up to now, the IBM will be applicable to all the band combinations, and CBM at least is applicable for same freq group combinations, then the only case need to be further considered is the CBM for different freq groups as shown in Table 1. 
Table 1 BM type applicability for band combinations
	
	CBM
	IBM

	Same freq group
	Y
	Y

	Different freq group
	?
	Y


Observation 1:          The only left over uncertain BM type is CBM for different freq group case.
In Rel-16, there already have some discussions, simulations and WFs on the beam squint caused by large freq separations under CBM [2][3][4]. And according to the results provided in [4], the spherical coverage degradation can be found in table 2 which is for the case of SCC degradation when PCC is put at 24GHz. It can be seen that there indeed exists some degradation, however, whether the degradation will make the band combination not workable is something needs further discussion.

Table 2 SCC spherical coverage degradation with CBM and PCC at 24GHz
	<1400
	1400<Fs<2400
	2400<Fs<6000

	0 dB - 0.4 dB
	0.4 dB - 0.8 dB
	0.8 dB -1.5 dB


Observation 2:          There is performance degradation caused by beam squint for UE with CBM but whether this is severe enough to exclude CBM is FFS.
From UE implementation perspective, it is well understood that CBM is more preferable in costs. As has been discussed in [5] CBM actually can work under even in different freq group combinations as long as the freq separation between CCs configured are within certain range Fs,inter as can be seen in Table 3. Hence, excluding UE from supporting CBM under inter freq group band combinations is neither preferable nor necessary. 
Table 3 Freq range based BM types
	Band A-Band B
	Fs,inter≤[TBD]
	CBM&IBM (chosen by UE)

	
	Fs,inter＞[TBD]
	IBM



Observation 3:          CBM can be supported by part of the freq ranges if not the whole band combination.
In addition, from NW deployment and scheduling perspective, limiting BM types will restrict NW scheduling flexibility for UEs with different BM capabilities.
Observation 4:          It is more flexible for UE implementation and NW scheduling based on UE BM capabilities.
Therefore, in our view, giving UE/NW flexibility in implementing BM types and differentiate them by UE capabilities are doable and also the usual approaches in RAN4.

Proposal 1:               Including CBM for inter freq group band combinations, and it depends on UE capability to indicate which kind of BM types are supported.
In Rel-16 the BM UE capability has been defined in TS38.306 and can be seen in Table 4. With this capability UE can indicate the NW which BM type it supports. Then, there is no need to discuss which BM is baseline anymore.
Table 4 BM UE capabilty in 38.306
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	beamManagementType-r16

Indicates 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).

In this release of the specification, the UE shall only report value of 'ibm'.
	BC
	Yes
	TDD only
	FR2 only


Proposal 2:               Take equal priority for CBM/IBM and no need to define which one is baseline.
Regarding whether same IBM requirements apply to all CA configurations, in our view it is better to consider case by case.
2.2 BM capability reporting
	· on applicability of CBM/IBM capability

· Detailed approach to justify applicability of CBM capability is TBD. Further discuss approaches including Fs,inter parameter in next meeting.


2.1.1 BM types and NW deployment scenarios
The NW deployment scenarios has been discussed a lot in Rel-16, i.e. collocated or non-collocated scenario. However, there is no conclusion on the mapping between CBM/IBM and collocated/non-collocated scenario. In general, as shown in figure 1, it can be understood that the IBM can work in any NW deployment scenarios, while CBM performance can be guaranteed in collocated scenario and be challenging in non-collocated scenario. Then the question is whether a UE with CBM can be scheduled in non-collocated scenario or not? This should be clear to NW.
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Figure 1 CBM capability and NW deployment scenarios

Observation 5:          The applicable collocated or non-collocated scenario shall be clear to NW when UE reports CBM capability.
From requirement perspective, the CBM capability indicates this UE has common transceiver and antenna for both Pcell and Scell bands, and it can meet the CBM requirements defined by RAN4. To indicate the applicable deployment scenario information for CBM capability, following approaches can be considered:

· One approach is RAN4 define requirements like MRTD/PSD difference, etc. based on non-collocated scenario, then once UE meets these requirements, it can be scheduled in both collocated and non-collocated scenarios, or, instead RAN4 define requirements based on collocated scenario, then actually this UE can only be scheduled in collocated scenario.
· Another approach is introducing an explicit signaling and indicate the NW deployment scenarios that this CBM can be applied for this band combination.
Once NW receive the above information, then the CBM applicable conditions will be clear.
Observation 6:          CBM capability itself only indicates UE has common transceiver and antenna for Pcell and Scell bands and no information about performance if scheduled under non-collocated scenario.
Observation 7:          Through implicit requirement definition assumptions or explicit NW deployment scenario indications, the applicability of CBM can be clear.
Proposal 3:               To facilitate NW scheduling, it is proposed to clearly define the NW deployment scenarios that the reported CBM capability can be applied.
2.1.2 BM reporting approach
As discussed in section 2.1, the IBM/CBM capability reporting depends on UE implementation. And the basic approach is UE report IBM/CBM based on the whole band combination. For example, if UE can support Band X + Band Y with CBM then it will report this capability to NW, and NW will flexibly schedule CCs within this band combination. 
Another approach is UE reporting the freq range which indicate the max freq separation that CBM can support, then NW carefully configure CCs within this freq range and if it exceeds UE capability then the SCC will be dropped. 
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Figure 2 CBM reporting approach
Comparing the two approaches, the freq range based CBM reporting is more fine tuning and maximum UE CBM capability can be applied. For Band X + Band Y, if UE doesn’t support IBM but can support CBM for part of this band combination, then this band combination still can be utilized with CC locations constraint, while if report CBM based on whole band combination then this band combination will not be applicable. From fully utilize band combination perspective this freq range based CBM is preferable. Another case is that even UE supports IBM for Band X + Band Y but to save power consumption, it might also be possible to use CBM, i.e. one Tx chain when the freq range is within CBM capability.
However, the complexity of the freq range based CBM reporting will be higher than the band combination based CBM reporting in NW scheduling and also the specification definition, which also needs to be considered.
Observation 8:          Freq range based CBM capability reporting is more flexible and maximum UE performance, meanwhile the complexity of NW scheduling and specification definition would be comparably high.
Proposal 4:               It is proposed to define CBM UE capability based on the freq range approach.
3 Conclusion
2.1 CBM/IBM applicability
Observation 1:          The only left over uncertain BM type is CBM for different freq group case.
Observation 2:          There is performance degradation caused by beam squint for UE with CBM but whether this is severe enough to exclude CBM is FFS.
Observation 3:          CBM can be supported by part of the freq ranges if not the whole band combination.
Observation 4:          It is more flexible for UE implementation and NW scheduling based on UE BM capabilities.

Proposal 1:               Including CBM for inter freq group band combinations, and it depends on UE capability to indicate which kind of BM types are supported.
Proposal 2:               Take equal priority for CBM/IBM and no need to define which one is baseline.
2.2 BM capability reporting
Observation 5:          The applicable collocated or non-collocated scenario shall be clear to NW when UE reports CBM capability.
Observation 6:          CBM capability itself only indicates UE has common transceiver and antenna for Pcell and Scell bands and no information about performance if scheduled under non-collocated scenario.
Observation 7:          Through implicit requirement definition assumptions or explicit NW deployment scenario indications, the applicability of CBM can be clear.
Proposal 3:               To facilitate NW scheduling, it is proposed to clearly define the NW deployment scenarios that the reported CBM capability can be applied.

Observation 8:          Freq range based CBM capability reporting is more flexible and maximum UE performance, meanwhile the complexity of NW scheduling and specification definition would be comparably high.
Proposal 4:               It is proposed to define CBM UE capability based on the freq range approach.
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