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1 Introduction
Rel-17 WI for UE RF enhancement was approved in RAN#89[1]. DL inter-band CA is a one of the objectives of the WI. This paper discusses the band combination specific requirements, i.e., the relaxation values for inter-band CA for n257+n259, and proposes to apply the same inter-band CA relaxation value with n261+n260. In addition, this paper also proposes the release independent approach apply to the band combination.
2 Discussion
2.1 Background
Rel-17 WI for UE RF enhancement was approved in RAN#89. The inter-band CA-related objectives from [1] are shown below. This paper discusses the following three topics which are marked as yellow in the excerpt:
· Requirements for DL CA_n257A-n259A based on IBM

========================Start of Excerpt from [1] ========================
· 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.
· Inter-band UL CA [RAN4 RF/RRM] 
· Specify requirements for inter-band UL CA for two bands.
· Define requirements for  CA_n257A-n259A based on IBM (Note this CA configuration will be moved to Basket WI in RAN#90 and more combinations may be added to Basket WI later).
· Study and if feasible define UE requirements for CBM between different freq. groups (e.g. 28GHz + 37GHz).
· Study and if feasible define UE requirements for CBM and/or IBM CA within the same freq. group (e.g. 28GHz + 28GHz), on hold until there is operator request.
· Both RF and RRM requirement aspects are in scope for UL interband CA.
========================End of Excerpt from [1] ========================

2.2 ΔRIB,P,n and ΔRIB,S,n for DL CA_n257A-n259A based on IBM
The band combination specific requirement is the relaxation values for inter-band CA, i.e., ΔRIB,P,n and ΔRIB,S,n. This paper discusses the relaxation values for CA_n257A-n259A comparing the relaxation value of CA_n260A-n261A which was completed in Rel-16. We focus on the difference between the CA configurations since the relaxation values for CA_n260A-n261A have not yet concluded and have squire bracket in TS 38.101-2, as shown below:
========================Start of Excerpt from TS 38.101-2 v16.5.0 ========================
[bookmark: _Hlk31890999]Table 7.3A.2.3-1: ΔRIB reference sensitivity relaxation for inter-band CA for power class 3
	NR CA bands
	NR band
	ΔRIB,P,n (dB)

	CA_n260-n261
	n260
	[3.5]

	
	n261
	[3.5]



Table 7.3A.3.3-1: ΔRIB,S,n EIS spherical coverage requirement relaxation for inter-band CA for power class 3
	NR CA bands
	NR band
	ΔRIB,S,n (dB)

	CA_n260-n261
	n260
	[3.5]

	
	n261
	[3.5]


========================End of Excerpt from TS 38.101-2 v16.5.0 ========================

 In our understanding, the definition of the relaxation values for inter-band CA is as following:
Inter-band DL CA EIS = Single-band EIS + MBR + inter-band DL CA relaxation
This paper discusses MBR and inter-band DL CA relaxation, respectively.
 For MBR, Table 2.2-1 shows MBR for each band, and Table 2.2-2 summarize the difference between n257 and n261, and n259 and n260. We can see there is 0.2dB difference on MBP,n between n257 and n261. And there is no difference on MBS,n between n257 and n261, and no difference on both MBP,n and MBS,n between n259 and n261.

 Observation 1: For difference of MBR between CA_n257-n259 and CA_n260-n261, there is 0.2 dB difference on MBP,n between n257 and n261 in 28GHz bands. Other factors have no difference.

Table 2.2-1: UE multi-band relaxation factors
	[bookmark: _Hlk32225119][bookmark: _Hlk32316771]Band
	MBP,n (dB)
	MBS,n (dB)

	n257
	0.73
	0.73

	n258
	0.6
	0.7

	n259
	0.5
	0.4

	n260
	0.51
	0.41

	n261
	0.52,4
	0.74

	Note 1: n260 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n260
Note 2: n261 peak relaxation is 0 dB for UE that exclusively supports n261+n260
Note 3: n257 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n257
Note 4: n261 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n257



Table 2.2-2: Difference of UE multi-band relaxation factors 
	
	Bands for
CA_n257-n259
	Bands for
CA_n260-n261
	Difference of
MBP,n (dB)
	Difference of
MBS,n (dB)

	28GHz band
	n257
	n261
	+0.2
(0.7 – 0.5)
	0
(0.7 – 0.7)

	40GHz band
	n259
	n260
	0
(0.5 – 0.5)
	0
(0.4 – 0.4)



 For inter-band CA relaxation, the approved WF [2] lists an example of relaxation factors: common coverage loss, beam squint loss, extra hardware component loss, and other loss. 
Relaxation due to common spherical coverage was discussed in [3]. The result shows that 1.5 dB relaxation is needed so that UE can meet spherical coverage requirements for both 28GHz band and 40GHz band in common coverage range. [3] provided the date for n258+n260 and n260+n261 as examples of band combinations. Here, we would like to emphasize the contribution shows that the required relaxation values is the same between CA_n258-n260 and CA_n261-n260. This means that the difference of frequency range between n258 (24250 – 27500 MHz) and n261 (27500 – 28350 MHz) does not have large impact on the relaxation value. Therefore, we expect that the required relaxation values of CA_n257-n259 is almost same.

Observation 2: Required relaxation value due to common spherical coverage for n258+n260 and n260+n261 is expected to be the same value although the frequency ranges of n258 and n261 are different.

 For beam squint loss, as mentioned in [4] [5] beam squint loss is not applicable to IBE UE since the peak search will be made independently for each band. 

Observation 3: Relaxation due to beam squint loss seems not needed for IBM UE.

 For other loss, since the relaxation value of CA_n260-n261 is 3.5dB for both peak EIS and spherical EIS for both bands, the relaxation value for other loss is calculated as 3.5dB – 1.5dB – MBR, which is about 1.3~1.6dB. We are not sure if the frequency difference between CA_n260-n261 and CA_n257-n259 has impact on the value of other loss, but we would like to apply the same value unless the technical justification is provided.
 Based on the above consideration, we provide the following proposal:

Proposal 1: For ΔRIB,P,n and ΔRIB,S,n, apply the same relaxation values with n260+n261 to n257+n259.

2.3 Release independent approach from Rel-16
 Since CA_n260-n261 based on IBE and the corresponding DL requirements have been already captured in Rel-16, we would like to propose to apply release independent manner from Rel-16 to DL inter-band CA of n257-n259 based on IBE requirements. 
Proposal 2: Release independent from Rel-16 shall apply to DL inter-band CA of n257-n259
3 Conclusion
Here we summarize our contributions:

Observation 1: For difference of MBR between CA_n257-n259 and CA_n260-n261, there is 0.2 dB difference on MBP,n between n257 and n261 in 28GHz bands. Other factors have no difference.

Observation 2: Required relaxation value due to common spherical coverage for n258+n260 and n260+n261 is expected to be the same value although the frequency ranges of n258 and n261 are different.

Observation 3: Relaxation due to beam squint loss seems not needed for IBM UE.

Proposal 1: For ΔRIB,P,n and ΔRIB,S,n, apply the same relaxation values with n260+n261 to n257+n259.

Proposal 2: Release independent from Rel-16 shall apply to DL inter-band CA of n257-n259.
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