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1 Introduction
Rel-17 WI for UE RF FR2 enhancement was approved in RAN#91 [1]. DL inter-band CA is a one of the objectives of the WI. At the last RAN4 meeting, relaxation values of spherical coverage requirements for DL CA_n257-n259 were agreed with square brackets [2]. This paper discusses the relaxation values for n257-n259. We propose to apply the same inter-band CA relaxation values for spherical coverage with n260+n261 and remove brackets.
2 Discussion
2.1 Background

Rel-17 revised WID for UE RF FR2 enhancement was approved in RAN#91 [1]. This paper is for band specific requirements for FR2 inter-band CA of n257-n259 with IBM. The excerpt from the WID are shown below:


Excerpt from WID [1]

· Inter-band DL CA enhancements [RAN4 RF/RRM]

· 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).

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



 In RAN4#98-bis-e, following agreements were captured in WF [2]:


Agreement from WF [2]

· Agreements on GTW session 15.4.2021
· Issue 2-1:
· Option 7: 3.5dB for CA_n258-n260 and [4] dB for spherical coverage and 4dB for peak EIS for CA_n257-n259. For other band pairs, it should be further discussed based on per band pair case by case.


  At the last meeting, relaxation values of spherical coverage requirements for DL CA_n257-n259 were agreed as [4.0] dB with square brackets. This paper proposes to reuse relaxation values for n260-n261 as values for n257-n259 and remove brackets.
2.2 Spherical coverage relaxation for CA_n257-n259

In the discussion on the relaxation values of REFSENS and spherical coverage for n260-n261, these were specified based on following assumptions.
・2.5 dB considering MBR and common spherical coverage
・1.0 dB considering PSD

· Therefore, total relaxation values are 3.5 dB

The breakdown of the former, i.e., 2.5 dB considering MBR and common spherical coverage, is ambiguous, but it can be guessed as follows from the views and studies of each company at that time.
・0.5~1.0 dB considering MBR

・1.5~2.0 dB considering common spherical coverage
Observation 1: Breakdown of relaxation values for n260-n261 (i.e. 3.5 dB) is guessed based on the previous discussion as follow:

· 2.5 dB considering MBR and common spherical coverage

· 0.5~1.0 dB considering MBR

· 1.5~2.0 dB considering common spherical coverage

· 1.0 dB considering PSD
Table 2.2-1 shows MBR for PC3 specified in TS 38.101-2. Also, Table 2.2-2 shows a comparison between spherical coverage relaxation parameter (MBS,n) for n257-n259 and those for n260-n261, taking into account NOTEs in Table 2.2-1.
Table 2.2-1: UE multi-band relaxation factors for power class 3

	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: MBS,n for n260-n261 and n257-n259 for power class 3

	Frequency
	CAn260-n261
	CAn257-n259
	Difference

	
	Band
	MBS,n (dB) 
	Band
	MBS,n (dB) 
	

	28GHz
	n261
	0.7
	n257
	0.7
	+0.0

	40GHz
	n260
	0.0
	n259
	0.4
	+0.4


Based on the table above, MBS,n for n257 is the same as MBS,n for n261. On the other hand, MBS,n for n259 is 0.4 dB larger than MBS,n for n260. However, as described in observation 1, 3.5dB of relaxation values have already included 0.5~1.0 dB for MBR. We would like to note that not only 0.4 dB is within 0.5~1.0dB, but rather there seems to be some margin from the perspective of MBR. In addition, MBR difference between n257-n259 and n260-n261 is much smaller for MBS,n than for MBP,n.
Observation 2: Regarding the MBS,n, n257 is the same as n261, and the gap between n259 and n260 is sufficiently acceptable given that 3.5d relaxation value already included 0.5~1.0dB for MBR.
Next, Table 2.2-3 shows REFSENS requirements for PC3 and Table 2.2-4 shows EIS spherical coverage requirements for PC3. 

Table 2.2-3: Reference sensitivity for power class 3
	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-88.3
	-85.3
	-82.3
	-79.3

	n259
	-84.7
	-81.7
	-78.7
	-75.7

	n260
	-85.7
	-82.7
	-79.7
	-76.7

	n261
	-88.3
	-85.3
	-82.3
	-79.3

	NOTE 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.4


Table 2.2-4: EIS spherical coverage for power class 3

	Operating band
	EIS at 50th %-tile CCDF (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-77.4
	-74.4
	-71.4
	-68.4

	n259
	-71.9
	-68.9
	-65.9
	-62.9

	n260
	-73.1
	-70.1
	-67.1
	-64.1

	n261
	-77.4
	-74.4
	-71.4
	-68.4

	NOTE 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.4

NOTE 2:
The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.


For REFSENS requirements for inter-band CA, the requirement on each component carrier shall be met when the power in the component carrier in the other band is set to its EIS spherical coverage requirement. Therefore, PSD difference is following:

・PSD difference(REFSENS) = REFSENS requirement (tested band) - EIS spherical coverage requirement (another band)
On the other hand, for EIS spherical coverage requirements for inter-band CA, the power of each band is specified by EIS spherical coverage requirement for single band. Therefore, PSD difference is following:
・PSD difference(spherical coverage) = EIS spherical coverage requirement (tested band) - EIS spherical coverage requirement (another band)
Based on the above, Table 2.2-5 shows PSD difference for n257-n259 and n260-n261. 
Table 2.2-5: PSD difference for n257-n259 and n260-n261

	CA
	Tested band
	PSD difference between tested band and untested band(dB)

	
	
	REFSENS
	Spherical coverage

	n257-n259
	n257
	-16.4
	-5.5

	
	n259
	-7.3
	+5.5

	n260-n261
	n260
	-8.3
	+4.3

	
	n261
	-15.2
	-4.3


When comparing PSD difference of REFSENS requirements and PSD difference of spherical coverage requirements, those of spherical coverage requirements are much smaller than those of REFSENS requirements. Relaxation values consider 1.0 dB for PSD, so PSD difference of spherical coverage is sufficiently acceptable.
Observation 3: Regarding the PSD difference, that of spherical coverage requirements are much smaller than that of REFSENS requirements.
Also, relaxation for common spherical coverage has already been considered in relaxation values. Specifically, it is expected as 1.5~2.0dB. Based on [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 data for n258+n260 and n260+n261 as examples of band combinations. Here, we would like to emphasize that 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 4: Regarding the common spherical coverage, difference between n257-n259 and n260-n261 is sufficiently acceptable by margin of relaxation value.
Finally, regarding the frequency separation between bands, it is unclear how this affects the relaxation value. This is a discussion about requirements for inter-band CA with IBM. We would like to know what kind of impact caused by frequency separation is assumed given that  the receiving systems are implemented separately for IBM CA. Also, if some RF components are shared between LB and HB even for IBM CA of LB+HB, we would like to know if the impact is unacceptable by margins mentioned above.
Observation 5: For FR2 inter-band CA with IBM, the impact by wider frequency separation should be clarified.
In conclusion, the relaxation values seem to be sufficiently large when analyzing each of the relaxation factors and making a comprehensive judgment. Unless the breakdown and margins of relaxation values for n260-n261 are clarified, we think that we can reuse relaxation values of spherical coverage for n260-n261 as those for n257-n259 by using margin.
Proposal 1: The same relaxation values of spherical coverage requirement for n260+n261 (i.e. ΔRIB,S,n =3.5dB) should be applied to n257+n259.
Proposal 2: We should clarify ambiguous breakdown of relaxation values for n260-n261 to show why it cannot be reused as the relaxation values for n257-n259. 
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Conclusion

This paper proposed relaxation values of spherical coverage requirements for CA_n257-n259. Here we summarize our observations and proposals:

Observation 1: Breakdown of relaxation values for n260-n261 (i.e. 3.5 dB) is guessed as follow:

· 2.5 dB considering MBR and common spherical coverage

· 0.5~1.0 dB considering MBR

· 1.5~2.0 dB considering common spherical coverage

· 1.0 dB considering PSD

Observation 2: Regarding the MBS,n, n257 is the same as n261, and the gap between n259 and n260 is sufficiently acceptable by margin of relaxation value.
Observation 3: Regarding the PSD difference, that of spherical coverage requirements are much smaller than that of REFSENS requirements, so it is sufficiently acceptable by margin of relaxation value.
Observation 4: Regarding the common spherical coverage, difference between n257-n259 and n260-n261 is sufficiently acceptable by margin of relaxation value.
Observation 5: For FR2 inter-band CA with IBM, the impact by widening of the frequency separation should be clarified.
Proposal 1: The same relaxation values of spherical coverage requirement for n260+n261 (i.e. 3.5dB) should be applied to n257+n259.

Proposal 2: We should clarify ambiguous breakdown of relaxation values for n260-n261 to show why it cannot be reused as the relaxation values for n257-n259. 
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