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1 Introduction
In RAN #82 meeting, a new work item on power class 2 (PC2) UE for EN-DC (1 LTE band + 1 NR band) was approved [1]. The objective of this work item is to specify RF requirements for a few specific EN-DC combinations which are composed of one power class 3 (PC3) LTE TDD band and one power class 3 (PC3) NR TDD band. In this contribution, we would like to share our views on the RF requirements for these band combinations from the perspective of UE maximum output power, configured transmitted power, output RF spectrum emissions, UL duty cycle restriction, Rx self-desensitization, and simultaneous Rx/Tx.      
2 Discussion
The PC2 EN-DC UE in general can be formed by the following combinations, provided the maximum total transmit output power at any instant from both cell groups would not exceed 26 dBm. 

LTE (PC3) + NR (PC3)

LTE (PC3) + NR (PC2)

LTE (PC2) + NR (PC3)

LTE (PC2) + NR (PC2)   
While it can be envisioned that the RF requirements may differ from each of the above configurations, the scope of this work item only focuses on the “LTE (PC3) + NR (PC3)” configuration for the following specific TDD-TDD EN-DC combinations. 

DC_39A_n41A

DC_(n)41AA

DC_41A_n41A

DC_39A_n79A

DC_41A_n79A

In this contribution, we share our views on how the RF requirements can be specified for these combinations from the perspective of UE maximum output power, configured transmitted power, output RF spectrum emissions, UL duty cycle restriction, Rx self-desensitization, and simultaneous Rx/Tx. The principle likely can also be applied to other EN-DC combinations of the similar configurations.

2.1 UE maximum output power

UE maximum output power shall be measured over both component carriers from each cell group (CG). If each CG has its own antenna connector, the maximum output power is measured as the sum of maximum output power at each antenna connector. The measurement period shall be at least one sub-frame (1 ms).

Table 2.1-1 defines the maximum output power requirements for the intended PC2 EN-DC combinations where the intra-band EN-DC requirements have been specified in Rel-15 technical specifications [2].

	EN-DC Configuration
	Power Class 2 (dBm)
	Tolerance (dB)

	DC_39A_n41A
	26
	+2/-31

	DC_(n)41AA   
	26
	+2/-21

	DC_41A_n41A
	26
	+2/-21

	DC_39A_n79A
	26
	+2/-31

	DC_41A_n79A
	26
	+2/-31

	NOTE 1:
For the 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.  


Table 2.1-1 Maximum output power requirements for PC2 EN-DC
2.2 Configured transmitted power

As the scope of this work item only focuses on the “LTE (PC3) + NR (PC3)” configuration, it is expected that the maximum total transmit output power at any instant would not exceed 26 dBm even if each CG is independently configured to its maximum output power. As a result, if P_EN-DC_Total is the same as PPowerClass, EN-DC, power sharing between the two CGs is deemed unnecessary and the complete sub-clauses for configured transmitted power for E-UTRA and NR from their own specifications TS 36.101 [3] and TS 38.101-1 [4] respectively apply.

Observation 1: Within the scope of this PC2 EN-DC work item, power sharing between the two CGs is not needed if P_EN-DC_Total = PPowerClass, EN-DC.
2.3 Output RF spectrum emissions

The output RF spectrum emissions requirements for PC3 inter-band EN-DC and PC3/PC2 intra-band EN-DC currently defined in TS 38.101-3 [2] sub-clause 6.5B also apply for the PC2 EN-DC combinations in this work item except for PC2 intra-band contiguous EN-DC ACLR where the ratio needs to be tightened by 1 dB in order to be aligned with the stand-alone (SA) PC2 UE ACLR requirement, as highlighted in Table 2.3-1.

	Parameter
	Unit
	Value

	EN-DCACLR (power class 3)
	dBc
	30

	EN-DCACLR (power class 2)
	dBc
	31

	Measurement bandwidth of EN-DC channel
	
	1.00*ENBW

	Measurement bandwidth of adjacent channel
	
	0.95*ENBW

	Frequency offset of adjacent channel
	
	ENBW

/

-ENBW

	NOTE 1:
ENBW is the aggregated bandwidth in MHz as defined in sub-clause 5.3B.

NOTE 2:
The frequency offset is that in between the centre frequencies of the measurement filters


Table 2.3-1 ACLR for intra-band EN-DC (contiguous sub-blocks)
Observation 2: The output RF spectrum emissions requirements for EN-DC currently defined in TS 38.101-3 sub-clause 6.5B also apply for the PC2 EN-DC combinations in this work item except for PC2 intra-band contiguous EN-DC ACLR.
2.4 UL duty cycle restriction

Like HPUE for E-UTRA and SA NR where the UL duty cycle shall be confined to below 50% in order to comply with SAR limit when operating at maximum output power at 26 dBm, the UL duty cycle for PC2 EN-DC shall also be managed to prevent UE from exceeding SAR limit. For UEs without supporting the inter-dependency between the two CGs, the UL duty cycle can be constrained by,
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where P̂EU and P̂NR are the output power of E-UTRA and NR carriers in linear scale, and DEU and DNR are the UL duty cycles for E-UTRA and NR carriers, respectively. On the other hand, for UEs supporting the inter-dependency between the two CGs, the UL duty cycle can be constrained by,
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which would allow more flexibility for UL duty cycle distribution between the two CGs when operating at maximum output power as compared to the former case where the UL duty cycle can only be less than 50% for both carriers.

2.5 Rx self-desensitization

For EN-DC, Rx self-desensitization may be caused by the following mechanisms,

1.  Insufficient cross-band isolation in simultaneous Rx/Tx operation

2.  UL harmonics falling into the paired band DL in simultaneous Rx/Tx operation

3.  DL harmonic mixing of the paired band UL in simultaneous Rx/Tx operation

4.  Inter-modulation products (IMD) from dual UL transmission falling into FDD DL band  

IMD from dual UL transmission falling into DL bands would not be an issue for TDD-TDD EN-DC as both DLs would not be receiving signals when both UL are transmitting.

Observation 3: For TDD-TDD EN-DC, there is no Rx self-desensitization problem due to IMD from dual UL transmission.  

For mechanisms 1 – 3, the Rx desensitization level or MSD would be dependent on the maximum output power of either UL. Since the scope of this work item only considers the PC2 EN-DC consists of PC3 E-UTRA and PC3 NR, the maximum output power for each UL would be confined at +23 dBm. As a result, the Rx desensitization level or MSD for each band combination is expected to be the same as with its PC3 EN-DC counterpart.  

Observation 4: For PC2 EN-DC within the scope of this work item, the Rx self-desensitization level is the same as with its PC3 EN-DC counterpart.        

2.6 Simultaneous Rx/Tx

The mandatory support of simultaneous Rx/Tx operation is pre-dominantly determined by the potential cross-band self-desensitization level. Since the Rx self-desensitization level for the PC2 EN-DC within the scope of this work item is the same as with its PC3 EN-DC counterpart, the requirement for the same EN-DC combinations already defined in PC3 can be reused, as summarized in Table 2.6-1.

	EN-DC Configuration
	Power Class
	Mandatory Simultaneous Rx/Tx

	DC_39A_n41A
	2, 3
	TBD

	DC_39A_n79A
	2, 3
	Yes

	DC_41A_n79A
	2, 3
	Yes


     Table 2.6-1 Mandatory support of simultaneous Rx/Tx for the intended EN-DC combinations
For TDD band intra-band EN-DC, irrespective of PC3 or PC2, simultaneous Rx/Tx is virtually unfeasible due to near zero or low isolation between the Tx and Rx where substantial desensitization is anticipated.

Observation 5: For TDD band intra-band EN-DC, irrespective of PC3 or PC2, simultaneous Rx/Tx is virtually unfeasible due to near zero or low isolation between the Tx and Rx.

3 Conclusion
In this contribution, we share our views on the UE RF requirements for PC2 TDD-TDD EN-DC to facilitate the specifications development for this new feature.   
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