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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
FR2 Inter-band DL CA within same frequency group based on CBM is one of the target to be specified for Rel-17 FR2. And in last meeting the WF [1] was agreed. This paper continues discussing these issues.

2 [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion
2.1 Fs_inter capability
From the discussion in previous meetings, it seems CBM requirement definition is difficult to move forward without the Fs_inter capability for CBM UE in inter-band DL CA be decided and details clarified. In this section, discuss further on this capability.

It is well understood that the shared RF chain and antenna panel architecture UE might have the limitation of supporting the whole range of inter-band combination due to the max receive BW restriction. And the proposal of introducing capability Fs_inter also has been discussed for almost the whole Rel-17.

Figure 1 is the illustration of Fs_inter capability, in which UE1 can only support part of the Band A+ Band B therefore it will report the Fs_inter1 capability to NW. When NW received this capability, it can configure CCs in this band combination with largest frequency range that is smaller than this Fs_inter1 capability, like CC1+CC2 in figure 1, but cannot configure CC1+CC3 since it exceeds the Fs_inter capability.

In last meeting it was asked whether this Fs_inter capability is functional issue (not support this CA configuration once the CC distance is larger than Fs_inter capability) or performance issue (can support this CA configuration once the CC distance is larger than Fs_inter capability but performance is not guaranteed). In our view, once UE reports the Fs_inter capability, the performance within this frequency distance capability is guaranteed by requirements and testing, and how to handle the situation that NW still configuration CCs that is larger than this frequency distance capability will be up to UE implementation. For example, some UEs might consider this configuration invalid, others may still follow NW configuration but with no guaranteed performance. 

In our view, once the capability reported to NW, it should be respected, but as compromise, it might be ok to give NW more flexibility in scheduling, and once NW ignore this capability UE behavior is undefined.



Figure 1 Illustration of Fs_inter capability

Observation 1:          When NW configure CCs within this Fs_inter capability, UE performance is guaranteed by requirements and testing.
Observation 2:          When NW configure CCs that is larger than this Fs_inter capability, UE behaviors could be different and it is up to implementation.

Proposal 1:               Fs_inter capability is optionally reported by UE, and should be considered by NW, but to keep both NW scheduling and UE implementation flexibility, it is proposed to agree that once configured CCs exceed this capability then UE behavior is considered to be undefined.

Then on the detailed Fs_inter capability:
· The smallest value should at least cover one band in FR2, here we suggest to be the largest band FR2-1 that is n258 with 3.25GHz. To be simple can define the smallest value as 4GHz.
· The largest value should be the largest distance between 28GHz and 39GHz, that is n258+n260 and the distance is 15.75GHz. To be simple can define the largest value as 16GHz. This frequency range can also cover the 47GHz band n262 + 57GHz n263 band combination.

Observation 3:          The smallest value of Fs_inter should at least cover one band in FR2, and the largest value of Fs_inter should be the largest distance between 28GHz and 39GHz.
[bookmark: _Hlk95316587]To summarize, the Fs_inter capability could be from 4GHz to 16GHz with 1GHz as step, i.e. {4GHz, 5GHz, 6GHz, … 16GHz}.

Proposal 2:               Define Fs_inter capability as per band combination capability and the value range is from 4GHz to 16GHz with 1GHz as step, i.e. {4GHz, 5GHz, 6GHz, … 16GHz}.

2.2 REFSENS requirements
In last meeting several options were given as below:
· “nomalized equal PSD” (UE meet sensitivity of each band in the same direction simultaneously)
· [bookmark: _Hlk95329636]simultaneous Sensitivity with different beam direction
· IBM based sensitivity (tested band in the sensitivity level while the other band in the spherical coverage level)

Figure 2 give the illustration of the different EIS that is used in these approaches which has also been discussed in last meeting. 
· [bookmark: _Hlk95329750]The “normalized equal PSD” actually require EIS1 and EIS3 to meet the REFSENS requirement which actually is equal to tighten band B peak EIS by EIS2-EIS3 if not consider the relaxations. This apparently deviates from the spirit of relax requirements for CA.
· The simulatnaneous sensitivity with different beam direction approach requires UE to meet peak EIS requirement in EIS1 and EIS2 both are the peak direction of bands. And in our view is more reasonable, since inter-band DL CA probably will be deployed in non-collocated situation, UE needs to reach peak EIS in there peak directions.
· IBM based sensitivity will be too constraint for inter-band CA with CBM and is not proper.

Observation 4:          The “normalized equal PSD” approach actually tighten REFSENS requirements rather than relaxation of CA requirements.
Observation 5:          Simultaneous sensitivity with different beam direction of each band is more aligned with UE real performance of REFSENS.
Therefore, in our view, simultaneous sensitivity with different beam directions should be used as the REFSENS peak EIS requirement.


Figure 2 EIS differences between different approaches

Regarding the testability, it is straight forward that TE configure BMRS at band A and allow UE to adjust its beams in band A and band B then lock its beams and test the sensitivity of each band. Therefore, there is no problem with the simultaneous sensitivity with different beam direction approach in our understanding. 

Observation 6:          No testability issue is expected for simultaneous sensitivity with different beam direction of each band approach.

Proposal 3:               Use simultaneous sensitivity with different beam direction of each band approach to define the peak EIS requirements for inter-band DL CA CBM.

With this simultaneous sensitivity of different beam direction approach, the degradation of peak EIS comparing to single band is the MBR and the beam mapping loss caused by single BMRS configuration. With max 0.7dB MBR and 1.5dB relaxation for beam mapping loss, and 0.3dB margion, in total 2.5 dB is needed in each band.

Proposal 4:               2.5dB peak EIS relaxation is needed for inter-band DL CA with CBM based on the simultaneous sensitivity of different beam direction approach.

[bookmark: _Hlk95332945]For the spherical coverage, the degradation comparing to single band includes MBR, common coverage loss, and extra hardware loss for multi-chain UE as in DL IBM. With max 0.7dB MBR and 2dB relaxation for common coverage loss, 1dB for extra hardware loss and 0.3dB margion, in total 4 dB is needed in each band.

Proposal 5:               4dB spherical coverage relaxation is needed for inter-band DL CA with CBM based on the simultaneous sensitivity of different beam direction approach.

The above peak EIS and spherical coverage can be applied to both intra frequency group band combination and inter frequency group band combination.

2.3 BMRS configuration of QCL-D
The QCL-D setting for CBM band combination with one BMRS was discussed in last meeting and no conclusion was reached. In this section we will try to propose one of the settings for consideration.

It is well known that in CBM band combination there is only one BMRS configured in one band, and using QCL-D to derive the beamforming in the other band. In WF [1], it was agreed that “Configuration and side condition of reference signal of the Band_with_BMRS is as single-band beam correspondence operation”, i.e. SSB+CSI RS, SSB only, CSI RS only. However, in our view it is redundant to testing all these BMRS configurations since what matters in the CBM comparing to IBM is the beam mapping from one band to the other band and is less dependent on which BMRS is used. And in WF [2] it was agreed that “different BMRS types, i.e., configuration of CSI-RS or SSB, have no impact on DL requirements”, in this sense, only one of the BMRS configurations is enough for the CBM testing.

Observation 7:          It was agreed that “Configuration and side condition of reference signal of the Band_with_BMRS is as single-band beam correspondence operation”, and also agreed that “Different BMRS types, i.e., configuration of CSI-RS or SSB, have no impact on DL requirements”, therefore, only one of the BMRS configurations is enough for the CBM testing.

Proposal 6:               Only one of BMRS configuration is tested for inter-band DL CBM.

Based on QCL-D relations, the following configuration can be considered. And considering Rel-16 SSB-only and CSI-RS based beam correspondence are optional features, it might be more suitable to use SSB+CSI RS as the BMRS configuration as the testing configuration.

	QCL-D source reference signal @ band with BMRS
	QCL-D target reference signal @ band without BMRS

	SSB+ CSI RS
	DMRS

	SSB
	DMRS

	CSI RS
	DMRS



Proposal 7:               Choose one of the reference signal setting below as the side condition, and propose to use SSB+CSI RS as the BMRS, and use DMRS at the other band as the QCL-D target reference signal.
	QCL-D source reference signal @ band with BMRS
	QCL-D target reference signal @ band without BMRS

	SSB+ CSI RS
	DMRS

	SSB
	DMRS

	CSI RS
	DMRS





Conclusion
In this paper we discussed the Fs_inter capability for inter-band DL CA CBM, and also the REFSENS requirements and BMRS settings for CBM side condition.

Observation 1:          When NW configure CCs within this Fs_inter capability, UE performance is guaranteed by requirements and testing.
Observation 2:          When NW configure CCs that is larger than this Fs_inter capability, UE behaviors could be different and it is up to implementation.
Proposal 1:               Fs_inter capability is optionally reported by UE, and should be considered by NW, but to keep both NW scheduling and UE implementation flexibility, it is proposed to agree that once configured CCs exceed this capability then UE behavior is considered to be undefined.

Observation 3:          The smallest value of Fs_inter should at least cover one band in FR2, and the largest value of Fs_inter should be the largest distance between 28GHz and 39GHz.
Proposal 2:               Define Fs_inter capability as per band combination capability and the value range is from 4GHz to 16GHz with 1GHz as step, i.e. {4GHz, 5GHz, 6GHz, … 16GHz}.

Observation 4:          The “normalized equal PSD” approach actually tighten REFSENS requirements rather than relaxation of CA requirements.
Observation 5:          Simultaneous sensitivity with different beam direction of each band is more aligned with UE real performance of REFSENS.
Observation 6:          No testability issue is expected for simultaneous sensitivity with different beam direction of each band approach.
Proposal 3:               Use simultaneous sensitivity with different beam direction of each band approach to define the peak EIS requirements for inter-band DL CA CBM.

Proposal 4:               2.5dB peak EIS relaxation is needed for inter-band DL CA with CBM based on the simultaneous sensitivity of different beam direction approach.
Proposal 5:               4dB spherical coverage relaxation is needed for inter-band DL CA with CBM based on the simultaneous sensitivity of different beam direction approach.

Observation 7:          It was agreed that “Configuration and side condition of reference signal of the Band_with_BMRS is as single-band beam correspondence operation”, and also agreed that “Different BMRS types, i.e., configuration of CSI-RS or SSB, have no impact on DL requirements”, therefore, only one of the BMRS configurations is enough for the CBM testing.
Proposal 6:               Only one of BMRS configuration is tested for inter-band DL CBM.
Proposal 7:               Choose one of the reference signal setting below as the side condition, and propose to use SSB+CSI RS as the BMRS, and use DMRS at the other band as the QCL-D target reference signal.
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