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1	Introduction 

One of the main objectives in Rel-16 FR1 UE RF requirements enhancement work item is to introduce the intra-band UL non-contiguous CA (UL NC CA) feature and requirements which had been concluded in last RAN4 meeting [1]. Although the UL NCCA RF requirements have been developed based on the dual PA configuration which in principle would not have restriction on frequency separation between the two carriers within FR1 bands, a UE capability in view of maximum supported frequency separation was defined for the anticipation that some UEs may choose to support UL NC CA with single PA which can be subjected to limited frequency separation. However, the way that the current frequency separation classes have been defined may cause confusion on how UE should signal its capability to the network. On the other hand, the maximum output power lower tolerance was specified without taking into account the dual PA configuration. Hence in this contribution, we share our view on how frequency separation classes should be defined to avoid incorrect perception by the network on UE’s capability. We also propose to revise the maximum output power lower tolerance limit to align with the requirements defined based on dual PA assumption.    
2	Discussion
2.1	Frequency separation classes

For FR1 intra-band UL NC CA, frequency separation classes have been defined to indicate the maximum frequency span between the lower edge of lowest component carrier and the upper edge of highest component carrier that UE can support per band combination in uplink. The requirements are currently specified as in Table 2.1-1.
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	frequency separation

	I
	20 MHz ≤ BWChannel_NC_CA ≤ 100 MHz

	II
	100 MHz < BWChannel_NC_CA ≤ 200 MHz

	III
	200MHz<BWChannel_NC_CA≤ [600MHz]



Table 2.1-1 FR1 UL NC CA frequency separation classes
  
The problem with the way the current frequency separation classes are specified is that each class is defined as a frequency separation range, if without clear clarification, it could be misunderstood that for a UE with 150MHz capability, it would signal class II to the network. The network on the other hand may schedule NC CA configuration with frequency separation up to 200 MHz which would be beyond UE’s real capability. Another issue with this definition is that if UE again signalled class II to the network, while in the network there is only NC spectrum available in less than 100MHz range, the network may not schedule NC CA configuration to the UE as network could misinterpret that UE is not capable of supporting frequency separation ≤ 100 MHz.
In our view, the lower limit for each frequency separation class is essentially not needed as only the upper limit is meaningful to indicate UE’s capability. Therefore, it is proposed to revise the FR1 UL NC CA frequency separation classes definition to as shown in Table 2.1-2.
 
	NR NC CA frequency separation class
	Maximum allowed frequency separation

	I
	100 MHz

	II
	200 MHz

	III
	[600 MHz]



Table 2.1-2 Proposed FR1 UL NC CA frequency separation classes 

Notice that the definition as shown in Table 2.1-2 also aligns with the way the frequency separation classes are defined in FR2 [2]. 

Proposal 1: Revise FR1 UL NC CA frequency separation classes definition to as shown in Table 2.1-2.

2.2	UL NC CA maximum output power

The FR1 UL NC CA feature has been initially introduced with 3 configurations, CA_n41(2A), CA_n77(2A), and CA_n78(2A) where the corresponding maximum output power requirements are summarized in Table 2.2-1.

	NR CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_n41(2A)
	
	
	
	
	23
	+2/-21
	
	

	CA_n77(2A)
	
	
	
	
	23
	+2/-21
	
	

	CA_n78(2A)
	
	
	
	
	23
	+2/-21
	
	

	NOTE 1:	For transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB
NOTE 2:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 3: 	For intra-band non-contiguous carrier aggregation the maximum power requirement shall apply to the total transmitted power over all component carriers (per UE).


  
Table 2.2-1 UE power class for FR1 intra-band UL NC CA

Since the FR1 UL NC CA RF requirements have been defined based on dual PA configuration, it is our understanding that the maximum output power lower tolerance limit should be relaxed by 1 dB as compared to the requirement using single PA implementation, in resemblance to UL MIMO and intra-band EN-DC. As a result, it is proposed to revise the maximum output power requirements for the 3 UL CA configurations to as shown in Table 2.2-2.   

	NR CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_n41(2A)
	
	
	
	
	23
	+2/-31
	
	

	CA_n77(2A)
	
	
	
	
	23
	+2/-31
	
	

	CA_n78(2A)
	
	
	
	
	23
	+2/-31
	
	

	NOTE 1:	For transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB
NOTE 2:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 3: 	For intra-band non-contiguous carrier aggregation the maximum power requirement shall apply to the total transmitted power over all component carriers (per UE).



Table 2.2-2 Proposed UE power class for FR1 intra-band UL NC CA

Proposal 2: Revise UE power class specifications for FR1 intra-band UL NC CA to as shown in Table 2.2-2. 
3	Conclusion

in this contribution, we share our view on how FR1 intra-band UL NC CA frequency separation classes should be defined to avoid incorrect perception by the network on UE’s capability. We also propose to revise the maximum output power lower tolerance limit to align with the requirements defined based on dual PA assumption.  

Proposal 1: Revise FR1 UL NC CA frequency separation classes definition to as shown in Table 2.1-2.

Proposal 2: Revise UE power class specifications for FR1 intra-band UL NC CA to as shown in Table 2.2-2.
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