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1 Introduction
At the last RAN4 meeting, we discussed about the sensitivity requirements for inter-band DL CA with CBM. However, RAN4 have not reached an agreement. In this paper, based on the package solution discussed at the end of the last meeting, it provides our views for advancing the discussion.
2 Discussion
2.1 Background

Rel-17 revised WID for UE RF FR2 enhancement was approved in RAN#94. Table 2.1-1 shows current status of FR2 inter-band DL CA.

Table 2.1-1: Current status of FR2 inter-band DL CA

	
	Same frequency group

(28GHz+28GHz or 40GHz+40GHz)
	Different frequency group

(28GHz+40GHz)

	CBM
	Discussion stage for defining UE requirements in Rel-17 (FFS to include n258+n261)
	Discussion stage for defining UE requirements in Rel-17 (n257+n259, [n258+n260], n260+n261)

	IBM
	On hold until there is operator request or CBM requirements are finalized for one band combo.
	Defined UE requirements in Rel-16. Some band combos were specified in Rel-16 and Rel-17.


In RAN4#101-bis-e, we discussed about the sensitivity requirements for inter-band DL CA with CBM. However, RAN4 have not reached an agreement and it was in complete deadlock. To advance the discussion, moderator provided a package solution, and RAN4 discussed about it. The results are shown below.


Package solution in GTW on Jan-25 [1]
1) Introduce UE capability CBM HPC. 

a. Which architecture UE supports is up to UE implementation

2) UE requirements 

a. FFS on within same frequency group CBM DL requirements are based on single receiver and multi receiver architecture

b. between frequency groups CBM DL requirements are based on multi receiver architecture, IBM-requirements, relaxations can be discussed (i.e., relaxation could be not exact the same as IBM)
3) Fs_inter is introduced further discussed whether Fs_inter is for functional limitation or for performance functional separation
a. Applies within same frequency group band combinations for single receiver architecture
b. Applies to UEs not declaring  HPC

c. Is introduced together with other LL n258+n261 UE requirements for both CBM and IBM when there is operator request for band combination within same frequency group

d. When CBM requirements are introduced for band combination within same frequency group also IBM requirements are introduced (earlier agreement)

e. REFSENS: Define the minimum CBM sensitivity requirements on the condition of normalized equal PSD for band combinations within same frequency group.

4) CR for CA_n257-n259, CA_n258-n260 and CA_n260-n261(for both CBM and IBM) i.e. CBM between frequency groups is agreed in RAN4#102

5) CBM REFSENS between frequency groups is defined to be same as IBM REFSENS
a. FFS relaxation value
6) CR introducing LL combo n258+n261 with Fsinter and CR introducing LH combos CA_n257-n259, CA_n258-n260 and CA_n260-n261 are agreed as a package.


Based on the above, we need further discussion. In this paper, it provides our views for advancing the discussion.

2.2 UE requirements
As mentioned in [2], it is recommended to separate the reference sensitivity requirements for CBM. It is reasonable to discuss based on the assumed architecture. In addition, we guess that it will help to converge the discussion on sensitivity requirements for CBM UE. On the other hand, there is no need to limit the implementations that the UE can support. Which architecture UE supports is up to UE implementation. These proposals are included in the solution package.
Proposal 1: REFSENS requirements does not limit the UE implementation.
2.2.1 REFSENS requirements for CA within same frequency group

For CA within same frequency group, the requirements should be applied based on both single-chain and multi-chain. For single-chain architecture, it is difficult to accept PSD imbalance. (There is no need to limit the NW scenario and PSD imbalance that the UE can support.) Therefore, we should define the minimum requirements on the condition of normalized equal PSD. That is, the requirement on each CC shall be met when the same power is set to the CC in the other band. However, the requirements on each CC do not have to be met simultaneously at single direction. In the case of single-Rx chain, it is preferred that receive performance is guaranteed in single direction, but in the case of multi-Rx chain, it is assumed to receive in different directions. Therefore, that is not good, but we can accept to consider the worst case. (However, we should be careful not to confuse this with common coverage concept in the EIS spherical coverage requirement.)
Proposal 2: REFSENS requirements is specified based on normalized equal PSD.
Proposal 3: REFSENS requirements does not limit the NW scenario and PSD imbalance.
Proposal 4: The requirements on each CC do not have to be met simultaneously at single direction.
For relaxation (ΔRIB,P), we should consider it based on the discussion of IBM. In the discussion of IBM CA_n260-n261, ΔRIB,P was decided by the following breakdown.
Table 2.2.1-1: ΔRIB,P for n260-n261 with IBM
	factor
	relaxation

	PSD imbalance
	1.0 dB

	MBR
	0.5 dB

	Common coverage concept
	2.0 dB

	Frequency separation impact
	

	Other margins
	

	ΔRIB,P
	3.5dB


For REFSENS requirements for CBM CA within same frequency group, PSD imbalance does not need to be considered because normalized equal PSD is given. In addition, the impact of the frequency separation is much smaller than when considering IBM CA (different frequency group) because the frequency separation between CCs is small. Also, relaxation for common coverage is not needed for REFSENS requirements, but we may leave it to match relaxation value for spherical coverage requirements based on the IBM discussion. On the other hand, beam squint (or beam mapping accuracy) is shown as a new factor to consider in CBM. This impact is FFS, but relaxation for IBM CA has already included margins that is more than sufficient, so we think it can be dealt with. The above can be summarized as follows.
Table 2.2.1-2: ΔRIB,P for CBM CA within same frequency group
	factor
	relaxation

	PSD imbalance
	1.0 dB

	MBR
	0.5 dB

	(Common coverage concept)
	2.0 dB

	Frequency separation impact (small)
	

	Other margins 

(Including beam squint or beam mapping accuracy)
	

	ΔRIB,P
	2.5dB


Therefore, ΔRIB,P for CBM CA within same frequency group should be [2.5dB]. However, this is a base value, and the adjustment is not limited when we specify each band combo.
Proposal 5: For CBM CA within same frequency group, [2.5dB] should be set as the base value for the relaxation of REFSENS requirements.
We should keep inter-band CA principle where if a UE indicates to support a certain band combination, the UE should support any frequency separation within the CA. However, for single-chain architecture, it is difficult to support wide frequency separation. There are two options that consider both concerns. One is to not introduce Fs_Inter capability. we specify ΔRIB,P based on worse case of frequency separation. The other is to introduce Fs_Inter capability for performance functional separation. We recommend that Fs_Inter capability indicates the frequency separation and the required EIS relaxation value. Details are described in [3]. If the actual frequency separation is larger than the indicated one, additional EIS relaxation can apply. If the actual frequency separation is equal to or smaller than the indicated one, additional EIS relaxation does not apply. If UE supports an inter-band CA, UE can support the CA configuration with any frequency separation. For CBM REFSENS requirements, some worst cases based on the Rx-chain architecture will be assumed sufficiently. Considering further relaxation in the REFSENS requirements is not preferred. Therefore, we recommend the latter, that is, the introduction of Fs_Inter capability.
Proposal 6: For REFSENS requirements for CA within same frequency group, Fs_Inter capability is introduced for performance functional separation.
2.2.2 REFSENS requirements for CA between different frequency groups
For CA between different frequency groups, the requirements should be applied based on multi-chain architecture. Multi-chain architecture can accept PSD imbalance. Therefore, we can reuse the IBM requirements as CBM requirements. That is, the requirement on each CC shall be met when the power in the CC in the other band is set to its EIS spherical coverage requirement.
Proposal 7: IBM requirement is reused as REFSENS requirements for CBM CA between different frequency groups.
For relaxation (ΔRIB,P), we should consider it based on the discussion of IBM. Relaxation for common coverage is not needed for REFSENS requirements, but we may leave it to match relaxation for spherical coverage requirements based on the IBM discussion. Also, beam mapping accuracy is shown as a new factor to consider in CBM. This impact is FFS, but relaxation for IBM CA has already included margins that is more than sufficient, so we think it can be dealt with. The above can be summarized as follows.
Table 2.2.2-1: ΔRIB,P for CBM CA between different frequency groups
	factor
	relaxation

	PSD imbalance
	1.0 dB

	MBR
	0.5 dB

	(Common coverage concept)
	2.0 dB

	Frequency separation impact
	

	Other margins 

(Including beam mapping accuracy)
	

	ΔRIB,P
	3.5dB


Therefore, ΔRIB,P for CBM CA between different frequency groups should be [3.5dB]. However, this is a base value, and the adjustment is not limited when we specify each band combo.
Proposal 8: For CBM CA between different frequency groups, [3.5dB] should be set as the base value for the relaxation of REFSENS requirements.
3
Conclusion

This paper showed our views on sensitivity requirements for FR2 inter-band DL CA with CBM. Here we summarize our proposals:

Proposal: Our proposals (From Proposal 1 to Proposal 8) for CBM REFSENS requirements are summarized in the table below.
	Freq. group
	Based architecture
	Our Proposals

	CA within same freq. group
	Single-Rx chain
and

Multi-Rx chain
	[REFSENS requirements]
· Define the minimum requirements on the condition of normalized equal PSD.

· The requirement on each CC shall be met when the same power is set to the CC in the other band.

· The requirements on each CC do not have to be met simultaneously at single direction.

	
	
	· [Relaxation values]
· [2.5dB] should be set as the base value for the relaxation.
· Fs_Inter capability is introduced for performance functional separation.

· Additional relaxation is allowed if the frequency separation between supporting CCs exceeds the indicated frequency separation.
· UE must be able to support any CC in bands, if UE supports a certain band combination.

	CA between different freq. group
	Multi-Rx chain
	[REFSENS requirements]
· Reuse IBM requirements

· The requirement on each CC shall be met when the power in the CC in the other band is set to its EIS spherical coverage requirement.

	
	
	[Relaxation values]
· [3.5dB] should be set as the base value for the relaxation.

	NOTE:

· These requirements do not limit the UE implementation. Which architecture UE supports is up to UE implementation.
· These requirements do not limit the NW scenario. Both collocated scenario and non-collocated scenario are within the scope.
· These requirements do not limit the PSD imbalance. The NW with large PSD difference is also within the scope.


(*The above table is based on the following proposals.)
Proposal 1: REFSENS requirements does not limit the UE implementation.

Proposal 2: REFSENS requirements is specified based on normalized equal PSD.

Proposal 3: REFSENS requirements does not limit the NW scenario and PSD imbalance.
Proposal 4: The requirements on each CC do not have to be met simultaneously at single direction.
Proposal 5: For CBM CA within same frequency group, [2.5dB] should be set as the base value for the relaxation of REFSENS requirements.

Proposal 6: For REFSENS requirements for CA within same frequency group, Fs_Inter capability is introduced for performance functional separation.
Proposal 7: IBM requirement is reused as REFSENS requirements for CBM CA between different frequency groups.
Proposal 8: For CBM CA between different frequency groups, [3.5dB] should be set as the base value for the relaxation of REFSENS requirements.
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