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1. Introduction

In RAN4 #97-e meeting, WF [1] on inter-band UL CA for FR2 was approved as follow:

[image: image1]
This contribution mainly discuss the MOP and out of band emissions of inter-band UL CA in FR2.
2.  Discussion
2.1 MOP for inter-band UL CA
To facilitate the discussion on the definition of the power class for inter-band UL CA in FR2, the current power class definition for FR2 single CC operation in 38.101-2 [2] was listed in Table 2.1-1.

Table 2.1-1 Power class for single CC operation in FR2

	UE Power class
	UE type
	Min peak EIRP (dBm)
	Spherical coverage (dBm)
	Max TRP (dBm)
	Max EIRP (dBm)

	1
	Fixed wireless access (FWA) UE
	n257/n258/n261: 40

n260: 38
	n257/n258/n261: 32@85%
n260: 30 @85%
	35
	55

	2
	Vehicular UE
	n257/n258/n261: 29
	n257/n258/n261: 18@60%
	23
	43

	3
	Handheld UE
	n257/n258/n261: 22.4

n260: 20.6

n259: 18.7
	n257/n258/n261: 11.5@50%
n260: 8@50%
n259: 5.8@50%
	23
	43

	4
	High power non-handheld UE
	n257/n258/n261: 34

n260: 31
	n257/n258/n261: 25@20%
n260: 19@20%
	23
	43


The power class definition for single CC operation in FR2 is different from the definition of single CC operation in LTE and NR FR1. 
Firstly, the different power class of FR2 represent different UE types, the power class definition for inter-band UL CA shouldn’t change the UE type. 
Therefore for inter-band UL CA in FR2, power class 1, 2, 3, and 4 should be specified based on the assumption of certain UE types with specific device architectures and correspondingly with the single CC operation.
Proposal 1: For inter-band UL CA in FR2, the power class should be follow current UE types.
Secondly, the power class definition for single CC operation in FR2 is a package requirements consisting of 
· Minimum peak EIRP

The purpose is to ensure UL spherical coverage in the mmW-bands, and the values are different for different frequency group due to the different performance of PAs.

Therefore for inter-band UL CA in FR2, to ensure UL spherical coverage of each band, min peak EIRP should be defined per band basis and keep the same requirement as that of single CC operation, i.e., for UL CA_n257-n259, the min peak EIRP should be 22.4dBm in n257 and 18.7dBm in n259, separately.
· Minimum EIRP spherical coverage 

For inter-band UL CA in FR2, min EIRP spherical coverage should be defined per band basis, each band shall meet the EIRP spherical coverage requirement of its single CC operation.

Considering the different beam management, the relaxation values could be introduced.
· Maximum TRP

The purpose is to define the unwanted emissions requirements at the maximum power level to mitigate interference in co-channel. 
For inter-band UL CA in FR2, it is different with LTE or FR1 inter-band UL CA in which the aggregated output power should follow the same requirement as that of single carrier due to the SAR issue. But in FR2, the MPE limit based on the EIRP since Pcmax was defined in terms of EIRP. Therefore, there is no necessary to make power reduction for max TRP for each band. From this opinion, max TRP should be defined per band basis and keep the same requirement with single CC operation.
· Maximum EIRP
The maximum EIRP value represents the maximum directional radiated power from UE and need satisfy the regulatory requirements. 
For inter-band UL CA in FR2, The worst case is the maximum directional radiated power of two band ULs coming from the same direction. Hence, max EIRP should be defined the same requirement per UE basis with single CC operation.
Based on above analysis, it can get:

Observation 1: the maximum output power can’t be defined per band basis or per UE basis purely. Some MOP requirements need define per band basis, others need define per UE basis.
Proposal 2: for inter-band UL CA in FR2, the maximum output power should be specified independency with UE BM types, the relaxation values could be introduced for different BM types.
Proposal 3: for inter-band UL CA in FR2, the maximum output power could be defined as Table 2.1-2:
Table 2.1-2 The MOP requirements for inter-band UL CA
	MOP
	Per band or per UE
	requirements

	Min peak EIRP
	Per band
	each band follows the requirement of single CC operation

	Minimum EIRP spherical coverage
	Per band
	each band follows the requirement of single CC operation

	Max TRP
	Per band
	each band follows the requirement of single CC operation

	Max EIRP
	Per UE
	aggregated max EIRP keep the same requirement with single CC operation


Based on above proposals, table 2.1-3 gives same example cases:
Table 2.1-3 example of the MOP requirements for inter-band UL CA
	UE Power class
	UE type
	UL CA configuration
	NR band
	Min peak EIRP (dBm)
	Spherical coverage (dBm)
	Max TRP (dBm)
	Max EIRP (dBm)

	1
	Fixed wireless access (FWA) UE
	CA_n258-n260
	n258
	40
	32@85%
	35
	55

	
	
	
	n260
	38
	30@85%
	35
	

	2
	Vehicular UE
	CA_n257-n258
	n257
	29
	18@60%
	23
	43

	
	
	
	n258
	29
	18@60%
	23
	

	3
	Handheld UE
	CA_n257-n259
	n257
	22.4
	11.5@50%
	23
	43

	
	
	
	n259
	18.7
	5.8@50%
	23
	

	4
	High power non-handheld UE
	CA_n258-n260
	n258
	34
	25@20%
	23
	43

	
	
	
	n260
	31
	19@20%
	23
	

	Note1: each band should follow the same min peak EIRP and spherical coverage requirements with single CC operation


2.2 Out of band emissions for inter-band UL CA
The emission requirements for single CC operation in FR2 were defined with metric of TRP, i.e., SEM, ACLR and general spurious emission. For inter-band UL CA, the emission requirements should also be defined with metric of TRP.

In FR2, some bands overlap partially or totally, they are classified based on frequency group as below [3]:

· “28GHz” stands for a band group includes n257, n258, n261
· “39GHz” stands for a band group includes n259, n260
Inter-band CA for 28 GHz + 28 GHz or 39 GHz + 39 GHz means within the same frequency group; inter-band CA for 28 GHz + 39 GHz means within the different frequency groups.
Therefore for the inter-band UL CA within the same frequency group with  2UL component carriers is configured contiguously or the gap between 2UL component carriers is smaller than the sum of OOB range of each band, the out of band emissions may need exceptionally consider.
Based on above consideration, bellow observations for inter-band UL CA in FR2 can get:
Observation 2: When 2UL is configured contiguously or the gap between 2UL component carriers is smaller than the sum of OOB range of each band, the definition of SEM/ACLR/Spurious emission for contiguous or non-contiguous intra-band CA transmissions could be used as starting point for defining such requirements for inter-band UL CA in FR2.  
Observation 3: If the gap between 2 UL component carriers is large enough, whether reuse the requirements of SEM/ACLR/Spurious emission defined for single CC operation for inter-band UL CA is up to MOP definition, i.e., whether power reduction is allowed for each band.

Proposal 3: For inter-band UL CA in FR2, the requirements of SEM/ACLR/Spurious emission need be defined considering the different gaps between 2 UL component carriers.
3. Conclusion

In this contribution, we discuss how we consider to define MOP, the out of band emission for inter-band UL CA in FR2. As summary, the following observations and proposals have been made:
Observation 1: The maximum output power can’t be defined per band basis or per UE basis purely. Some MOP requirements need define per band basis, others need define per UE basis.
Observation 2: When the gap between 2 UL is zero or smaller than the sum of OOB range of each band, the definition of SEM/ACLR/Spurious emission for contiguous or non-contiguous intra-band CA transmissions could be used as starting point for defining such requirements for inter-band UL CA in FR2.  
Observation 3: If the gap between 2 UL is large enough, whether reuse the requirements of SEM/ACLR/Spurious emission defined for single CC operation for inter-band UL CA is up to MOP definition, i.e., whether power reduction is allowed for each band.

Proposal 1: For inter-band UL CA in FR2, the power class should be follow current UE types.

Proposal 2: for inter-band UL CA in FR2, the maximum output power should be specified independency with UE BM types, the relaxation values could be introduced for different BM types.

Proposal 3: for inter-band UL CA in FR2, the maximum output power could be defined as Table 2.1-2:
Table 2.1-3 The MOP requirements for inter-band UL CA
	MOP
	Per band or per UE
	requirements

	Min peak EIRP
	Per band
	each band follow the requirement of single CC operation

	Minimum EIRP spherical coverage
	Per band
	each band follow the requirement of single CC operation

	Max TRP
	Per band
	each band follow the requirement of single CC operation

	Max EIRP
	Per UE
	aggregated max EIRP keep the same requirement with single CC operation


Proposal 3: For inter-band UL CA in FR2, the requirements of SEM/ACLR/Spurious emission need be defined considering the different gaps between 2 UL component carriers.
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For the case of simultaneous uplink in multiple bands, companies are encouraged to study


whether per band or per UE :


max TRP and max EIRP limit requirements


Emissions requirements


P-MPR and PHR


whether EIRP or TRP :


Power sharing between bands if applicable (configured power) 
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