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1	Introduction 

RAN4 received an LS from RAN2 [1] regarding the per band per band combination power class capability (IE: ue-PowerClassPerBandPerBC-r17) introduced in Rel-17 indexed as 16-8 in RAN4 feature list where RAN2 was inquiring RAN4 to provide answers to the following two questions:

1) Whether R4 16-8 is applicable to only inter-band CA?
2) What is the interaction between R4 16-8 and the existing power class capabilities (i.e. ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700, powerClassNRPart-r16 (if R4 16-8 is also applicable to the cases other than inter-band CA) and powerClass/powerClass-v1610)?      

In this contribution, we provide our views to address RAN2’s questions on the ue-PowerClassPerBandPerBC-r17 applicability and its relation to the existing power class capabilities.       
2 Discussion

LTE and NR FR1 power class is a UE capability on achieving different levels of total maximum output power while fulfilling the required emission requirements as defined in RAN4 specifications. For NR FR1, according to the current RAN2 signaling design, the power class applicability can be categorized into three types as summarized in Table 2-1.

	UE capability parameter
	Applicability

	ue-PowerClass
ue-PowerClass-v1610
ue-PowerClass-v1700
	Per frequency band

	powerClass
powerClass-v1610
	Per band combination

	powerClassNRPart-r16
ue-PowerClassPerBandPerBC-r17
	Per band per band combination


 
Table 2-1 UE power class applicability types

However, for intra-band combination and single UL with DL only inter-band combination power class, there is a fuzzy boundary on the applicability as whether it should belong to the “per band” power class or the “per band combination” power class. That is, whether the “per band” and “per band combination” applicability is for UL configuration only, or it also includes the DL configuration.

Observation 1: There is a fuzzy boundary as whether the “per band” and “per band combination” applicability is for UL configuration only, or it also includes the DL configuration, so is for intra-band combination.    

Based on our current understanding, the power class applicability for both intra-band combination and single UL with DL only inter-band combination shall be “per band combination”, despite technically they may have the same power class as single band in most cases. However, for intra-band contiguous UL CA and single CC UL with DL only intra-band contiguous CA (fallback of contiguous UL CA), the current signaling design does not allow to indicate different power classes between the two.  This is also aligned with the powerClassNRPart-r16 capability in RAN2 specifications which applies for single band as well as intra-band CA.

Observation 2: The power class applicability for both intra-band combination and single UL with DL only inter-band combination shall be “per band combination”, despite technically they may have the same power class as single band in most cases.

Observation 3: For intra-band contiguous UL CA and single CC UL with DL only intra-band contiguous CA (fallback of contiguous UL CA), the current signaling design does not allow to indicate different power classes between the two.

Now coming back to ue-PowerClassPerBandPerBC-r17 capability, this parameter was introduced in Rel-17 for inter-band UL CA, with the concern as raised in [2] that for NR bands which rely on Transmit Diversity (TxD) to achieve the intended power class may not maintain the same power class in a band combination due to the hardware limitation. This issue has been taken care in MR-DC where the IE powerClassNRPart-r16 was introduced to allow UE to signal a different power class for the NR band in a combination than its single band power class. As the same hardware limitation could also occur to UE in an FR1 NR inter-band UL CA or DC combination, it had prompted RAN4 to inquire RAN2 to introduce a new per band per band combination power class capability for inter-band UL combination which has been defined as ue-PowerClassPerBandPerBC-r17 in RAN2 specifications.

Based on the above clarifications, we can provide the answer to Question 1 as below:     

RAN4 answer to question 1: ue-PowerClassPerBandPerBC-r17 capability (R4 16-8) is only applicable to FR1 inter-band UL CA and NR DC.  

With regard to the relation of ue-PowerClassPerBandPerBC-r17 to other existing power classes, we can say its functionality is the same as powerClassNRPart-r16 except that ue-PowerClassPerBandPerBC-r17 is used for FR1 inter-band UL CA or DC to indicate each NR band’s power class capability when it is different from its single band power class, while powerClassNRPart-r16 is used for FR1 inter-band MR-DC for only NR band when its power class in the UL combination is different from single band power class. Therefore, the relation between ue-PowerClassPerBandPerBC-r17 and ue-PowerClass/ue-PowerClass-v1610/ue-PowerClass-1700  is that ue-PowerClassPerBandPerBC-r17 only needs to be indicated when it is different from ue-PowerClass /ue-PowerClass-v1610/ue-PowerClass-1700. On the other hand, it is a common understanding in RAN4 that ue-PowerClassPerBandPerBC-r17 shall not exceed the maximum output power level of its parent inter-band UL combination power class powerClass/powerClass-v1610 when both UL bands are configured.

Lastly, although there is no clear indication on whether ue-PowerClassPerBandPerBC-r17 is only applicable to single-CC UL or for both single-CC UL and intra-band contiguous UL CA, based on our similar understanding as with powerClassNRPart-r16 and the power class for intra-band contiguous UL CA, this capability should be the same for both.    

Based on the above clarifications, we can provide the answer to Question 2 as below:

RAN4 answer to question 2: The relation of ue-PowerClassPerBandPerBC-r17 to other existing power classes can be summarized as below:

(1) The functionality is the same as powerClassNRPart-r16 except that ue-PowerClassPerBandPerBC-r17 is used for FR1 inter-band UL CA or DC, while powerClassNRPart-r16 is used for FR1 inter-band MR-DC.
(2) ue-PowerClassPerBandPerBC-r17 only needs to be indicated when it is different from ue-PowerClass /ue-PowerClass-v1610/ue-PowerClass-1700.
(3) ue-PowerClassPerBandPerBC-r17 shall not exceed the maximum output power level of its parent inter-band UL combination power class powerClass/powerClass-v1610 when both UL bands are configured.
(4) ue-PowerClassPerBandPerBC-r17 is applicable for both single CC UL and intra-band contiguous UL CA.    
          
3	Conclusion

In this contribution, we provide our views to address RAN2’s questions on the ue-PowerClassPerBandPerBC-r17 applicability and its relation to the existing power class capabilities.

Observation 1: There is a fuzzy boundary as whether the “per band” and “per band combination” applicability is for UL configuration only, or it also includes the DL configuration, so is for intra-band combination.

Observation 2: The power class applicability for both intra-band combination and single UL with DL only inter-band combination shall be “per band combination”, despite technically they may have the same power class as single band in most cases.

Observation 3: For intra-band contiguous UL CA and single CC UL with DL only intra-band contiguous CA (fallback of contiguous UL CA), the current signaling design does not allow to indicate different power classes between the two.

Proposal: RAN4 to take the above answers to RAN2 questions into consideration when drafting the reply LS to RAN2.

Based on the above clarifications, we also prepare a draft reply LS in a separate contribution for consideration [3].
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