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[bookmark: _GoBack]1	Introduction
In the RAN #82, a new WID [1] on Power Class 2 UE for EN-DC (1 LTE TDD band +1 NR TDD band) was approved. The objective of the work item is to specify the RF requirements for Power Class 2 EN-DC (1 PC3 LTE band +1 PC3 NR band), including
· Specify the band combination specific RF requirements for all listed PC2 EN-DC configurations consisting of 2 different bands DL with 2 different bands UL (1 LTE band and 1 NR band) including at least
· Applicable frequencies if necessary
· Applicable bandwidths and bandwidth sets if necessary
· UE requirements, including UE maximum output power, Tx power tolerance, MPR, A-MPR, IBE and ACLR for Power Class 2 EN-DC, taking into account the potential coexistence with Band 40 in China
· Analyse combinations that have self-desensitization due to following reasons:
· For the combination where self-desensitization exists:
· UE Tx duty cycle requirements sufficient to prevent exceeding local regulatory limits such as SAR
· Regulatory issues related to the use of PC2 EN-DC capable devices when roaming and/or p-max absence shall be addressed.
· Simultaneous RxTx UE capability for PC2 EN-DC band combinations shall be decided
· Release independent issue is to be considered for PC2 EN-DC
· If needed, the signalling impact due to support of PC2 EN-DC should be discussed in RAN2.
In this contribution, we focus on the PC2 EN-DC RF requirements including UE maximum output power, Tx power tolerance, MPR, A-MPR, configured output power, ACLR, SAR and n41-B40 UE-UE co-existence for Power Class 2 EN-DC.
2	Discussion
In the WID [1] the following EN-DC configurations are expected to be applied with PC2 feature.
Table 1 PC2 EN-DC configuration
	EN-DC configuration

	DC_39A-n41A

	DC_(n)41AA

	DC_41A-n41A

	DC_39A-n79A

	DC_41A-n79A


2.1	Output power and TX power tolerance
For inter-band EN-DC, TX tolerance requirements for PC3 specified in 38.101-3 could apply for the PC2 EN-DC. For the intra-band, the Tx tolerance for PC2 DC_41A_n41A and DC_(n)41AA has already specified in 38.101-3.
Proposal 1: The maximum output power and corresponding tolerance are shown below.

Table 2 Maximum output power for EN-DC
	DC configuration
	Power class 2
(dBm)
	Tolerance
(dB)
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_39A-n41A
	26
	+2/-31
	23
	+2/-31

	DC_(n)41AA
	26
	+2/-21
	23
	+2/-21

	DC_41A-n41A
	26
	+2/-21
	23
	+2/-21

	DC_39A-n79A
	26
	+2/-3
	23
	+2/-3

	DC_41A-n79A
	26
	+2/-31
	23
	+2/-31

	NOTE 1:	refers to 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
NOTE 2:	PPowerClass_EN-DC is the maximum UE power specified without taking into account the tolerance
NOTE 3:	For inter-band EN-DC the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


2.2	Maximum output power reduction for PC2 EN-DC
2.2.1	Intra-band contiguous or non-contiguous EN-DC
Currently, the maximum output power reduction requirements for PC3 is still an open issue and the details are under study. Referring to the same methodology of PC3 MPR, PC2 requirements with PC3 + PC3 could be studied at the same time.
Observation 1: For intra-band EN-DC, The PC2 MPR with PC3 + PC3 could be studied with the same methodology of PC3.
2.2.2	Inter-band EN-DC 
For inter-band EN-DC supporting PC2, UE maximum output power reduction for PC3 as specified in TS 36.101 and TS 38.101-1 apply for E-UTRA and NR respectively.
Proposal 2: For inter-band EN-DC supporting PC2, UE MPR for power class 3 as specified in TS 36.101 and TS 38.101-1 apply for E-UTRA and NR respectively.
2.3	Additional maximum output power reduction for PC2 EN-DC
2.3.1	Intra-band contiguous EN-DC
The details of A-MPR for PC2 DC_(n)41AA configuration with NS_04 signal have been specified in 38.101-3 6.2B.3.1. 
2.3.2	Intra-band non-contiguous EN-DC
The details of A-MPR for PC2 DC_41A-n41A configuration with NS_04 signal have been specified in 38.101-3 6.2B.3.2. 
Observation 2: For intra-band EN-DC, The PC2 A-MPR with PC3 + PC3 has already been specified in TS 38.101-3.
2.3.3	Inter-band EN-DC
For inter-band EN-DC supporting PC2, UE A-MPR for PC3 as specified in TS 36.101 and TS 38.101-1 apply for E-UTRA and NR respectively.
Proposal 3: For inter-band EN-DC supporting PC2, UE A-MPR for power class 3 as specified in TS 36.101 and TS 38.101-1 apply for E-UTRA and NR respectively.
2.4	Configured output power for PC2 EN-DC  
The specified configured output power in 38.101-3 apply for the PC2 EN-DC configuration since it has taken the PC2 (PC3+ PC3) case into consideration by including the power class and PC2 A-MPR in the formulation.
Proposal 4: The configured output power for intra-band and inter-band EN-DC as specified in TS 38.101-3 apply for PC2 UE.
2.5	Adjacent channel leakage ratio
2.5.1	Intra-band contiguous EN-DC
For EN-DC operation with an E-UTRA sub-block immediately adjacent to an NR sub-block, the ACLR is defined as the ratio of the filtered mean power centred on the aggregated sub-block bandwidth ENBW to the filtered mean power centred on an adjacent bandwidth of the same size ENBW at nominal channel spacing. The UE shall meet the ACLR minimum requirement EN-DCACLR specified in Table 2 with ENBW the sum of the sub-block bandwidths.
Proposal 5: The ACLR requirements are shown in table 3 for PC2 intra-band contiguous EN-DC.
Table 3 ACLR for intra-band EN-DC (contiguous sub-blocks) power class 2
	Parameter
	Unit
	Value

	EN-DCACLR
	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 38.101-3 sub-clause 5.3B.
NOTE 2:	The frequency offset is that in between the centre frequencies of the measurement filters



2.4.2	Intra-band non-contiguous EN-DC
The ACLR requirements specified in 38.101-3 sub-clause 6.5B.2.2.3 apply for intra-band non-contiguous PC2 EN-DC.
2.4.3	Inter-band EN-DC
The ACLR requirements specified in sub-clause 6.6.2.3 of 36.101 and sub- clause 6.5.2.4 of 38.101-1 apply for each component carrier of inter-band EN-DC.
Proposal 6: For intra-band non-contiguous EN-DC, PC3 requirements apply for the PC2 EN-DC and for inter-band, the ACLR specified in 36.101 and 38.101-1 apply for each CC of EN-DC.
2.5	SAR
As stated in [1], PC2 feature only apply for TDD+TDD combinations both for intra-band and inter-band EN-DC.
For the intra-band EN-DC combination DC_41A_n41A and DC_(n)41AA required to operate with synchronized UL/DL configuration [3], the Intra band PC2 SAR requirements have been specified in RAN4 #89 [2], reusing the power back-off mechanism to solve intra-band EN-DC HPUE SAR issue.
For the inter-band EN-DC, the SAR requirement needs further study.
Observation 3: For PC2 TDD+TDD combination, the SAR requirement for inter-band EN-DC needs further study. 
2.6	n41-B40 co-existence requirement
N41-B40 co-existence requirement for PC3 hasn’t been specified until now. As discussed in the RAN4#89 in Spokane for PC3 n41-B40 co-existence [4], it is concluded that only asynchronous operation will be focused. For both contiguous and non-contiguous RB allocations for PC3 UE, co-existence will be studied by restricting the RB region with no A-MPR or defining the A-MPR as a function of RB region. 
A-MPR study for n41-B40 coexistence is necessary rather than restrict RB allocation in the actual deployment scenarios as the operators are concerned about restricting RB allocations
For the study of PC2 A-MPR for n41-B40 coexistence, the same assumptions can be reused.
Assumptions:
· Define RB region in terms of  RB_start frequency and TX allocation BW (12*SCS*LCRB).
· For non-contiguous resource allocations, determine A-MPR as a function of TX allocation BW.
· Simulation and measurement assumptions:
· Choose the middle [9.5] dB filter rejection
· LO leakage = -28dBc
· Image = -28dBc
· Choose CIM3 = -60dBc
· Choose CIM5 = -65dBc
· For EN-DC, we measure with 2PA option with LTE PC3+ NR PC3.
Proposal 7: The assumptions of PC3 n41-B40 co-existence can be reused for PC2.
3	Conclusions
In this paper, we made the following observations and proposals about general RF requirements for Power Class 2 EN-DC.
Observation 1: For intra-band EN-DC, The PC2 MPR with PC3 + PC3 could be studied with the same methodology of PC3.
Observation 2: For intra-band EN-DC, The PC2 A-MPR with PC3 + PC3 has already been specified in TS 38.101-3.
Observation 3: For PC2 TDD+TDD combination, the SAR requirement for inter-band EN-DC needs further study.
Proposal 1: The maximum output power and corresponding tolerance are shown below.

Table 2 Maximum output power for EN-DC
	DC configuration
	Power class 2
(dBm)
	Tolerance
(dB)
	Power class 3
(dBm)
	Tolerance
(dB)

	DC_39A-n41A
	26
	+2/-31
	23
	+2/-31

	DC_(n)41AA
	26
	+2/-21
	23
	+2/-21

	DC_41A-n41A
	26
	+2/-21
	23
	+2/-21

	DC_39A-n79A
	26
	+2/-3
	23
	+2/-3

	DC_41A-n79A
	26
	+2/-31
	23
	+2/-31

	NOTE 1:	refers to 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
NOTE 2:	PPowerClass_EN-DC is the maximum UE power specified without taking into account the tolerance
NOTE 3:	For inter-band EN-DC the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).



Proposal 2: For inter-band EN-DC supporting PC2, UE MPR for power class 3 as specified in TS 36.101 and TS 38.101-1 apply for E-UTRA and NR respectively.
Proposal 3: For inter-band EN-DC supporting PC2, UE A-MPR for power class 3 as specified in TS 36.101 and TS 38.101-1 apply for E-UTRA and NR respectively.
Proposal 4: The configured output power for intra-band and inter-band EN-DC as specified in TS 38.101-3 apply for PC2 UE.
Proposal 5: The ACLR requirements are shown in table 3 for PC2 intra-band contiguous EN-DC.
Table 3 ACLR for intra-band EN-DC (contiguous sub-blocks) power class 2
	Parameter
	Unit
	Value

	EN-DCACLR
	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 38.101-3 sub-clause 5.3B.
NOTE 2:	The frequency offset is that in between the centre frequencies of the measurement filters



Proposal 6: For intra-band non-contiguous EN-DC, PC3 requirements apply for the PC2 EN-DC and for inter-band, the ACLR specified in 36.101 and 38.101-1 apply for each CC of EN-DC.
Proposal 7: The assumptions of PC3 n41-B40 co-existence can be reused for PC2.
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