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1. Introduction

In last RAN4 #74BIS meeting, RAN WG4 has agreed that work plan and issues lists for 3DL/2UL inter-band CA WI. In the WID, RAN4 decided that proposed CA band combination should be completed 2UL/2DL CA and 3DL/1UL CA band combinations to add this WI. However, we need to define general Tx/Rx requirements as follow
· General for all 2UL/3DL pairs

· Specify common RF requirements for inter-band carrier aggregation of 2ULs/3DLs.

· Specify common RRM requirements for inter-band carrier aggregation of 2ULs/3DLs if any.
In this contribution, we provide general Tx RF requirements e.g. transmit power, power control, transmit signal quality, inter-modulation and output RF spectrum emissions.
2. General Tx requirements

2.1     Transmit power
2.1.1   UE maximum output power

For 2UL/3DLs inter-band CA UE, multiple transmitters with one for each band are assumed. The UE maximum output power can be reused in subclause 6.2.2A [1] for 2UL inter-band CA UE.
Table 2.1.1-1: CA UE Power Class with dual uplink

	E-UTRA CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1A-3A
	
	
	
	
	23
	+2/-32
	
	

	CA_1A-5A
	
	
	
	
	23
	+2/-3
	
	

	CA_1A-7A
	
	
	
	
	23
	+2/-32
	
	

	CA_1A-8A
	
	
	
	
	23
	+2/-32
	
	

	CA_1A-19A
	
	
	
	
	23
	+2/-3
	
	

	CA_1A-21A
	
	
	
	
	23
	+2/-3
	
	

	CA_2A-4A
	
	
	
	
	23
	 +2/-32
	
	

	CA_2A-13A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-5A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-8A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-19A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-26A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-13A
	
	
	
	
	23
	 +2/-3
	
	

	CA_4A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_5A-7A
	
	
	
	
	23
	+2/-32
	
	

	CA_5A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_5A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_7A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_7A-28A
	
	
	
	
	23
	+2/-32
	
	

	CA_19A-21A
	
	
	
	
	23
	+2/-3
	
	

	CA 39A-41A
	
	
	
	
	23
	+2/-32
	
	

	NOTE 1:
Void
NOTE 2:
2 refers to the transmission bandwidths (Figure 5.6-1) 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 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 4: 
For inter-band carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


2.1.2 PCMAX tolerance 
PCMAX tolerance for 2UL/3DLs inter-band CA also followed the defined PCMAX tolerances for 2 UL inter-band CA in subclause 6.2.5A [1].
 Table 2.1.2-1: PCMAX tolerance dual-uplink inter-band CA

	PCMAX             (dBm)
	Tolerance 
TLOW(PCMAX_L) (dB)
	Tolerance 
THIGH(PCMAX_H) (dB)

	PCMAX = 23
	3.0
	2.0

	22 ≤ PCMAX < 23
	5.0
	2.0

	21 ≤ PCMAX < 22
	5.0
	3.0

	20 ≤ PCMAX < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAc < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0


2.1.3 Output power dynamics
2.1.3.1 Minimum output power

For 2UL/3DLs CA UE the minimum output power requirements is set to -40 dBm per transmitted carrier / MBW when the power in both UL carriers is set to a minimum output power level. It is same requirements for dual-uplink CA UE in subclause 6.3.2.1[1] as shown in Table 2.1.3.1-1. 
Table 2.1.3.1-1: Minimum output power for dual uplink inter-band CA UE
	
	Channel bandwidth / Minimum output power / Measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz


2.1.3.2 Transmit OFF power

For 2UL/3DLs inter-band CA UE, transmit OFF power is defined as the mean power per component carrier when the transmitter is OFF on all component carriers. The Transmit OFF power requirement is set to -50 dBm per transmitted carrier / MBW. It is same requirement for dual-uplink CA UE in subclause 6.3.3.1[1] as shown in Table 2.1.3.2-1.
Table 2.1.3.2-1: Transmit OFF power for dual-uplink CA UE
	
	Channel bandwidth / Transmit OFF power / Measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF power
	-50 dBm

	Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 Hz


2.1.3.3 ON/OFF time mask
2UL/3DLs inter-band CA UE shall follow the same requirements to define ON/OFF time mask due to the sharing antenna connector between the two bands. The UE can follow general output power ON/OFF time mask in subclause 6.3.4.1[1].
2.1.3.4 Power Control
2.1.3.4.1 Absolute power tolerance

For 2UL/3DLs inter-band CA UE, the absolute power control tolerance is specified on each component carrier exceed the minimum output power as defined in subclause 6.3.2A [1] and the total power is limited by maximum output power as defined in subclause 6.2.2A [1]. The requirements defined in Table 6.3.5.1.1-1[1] shall apply on each component carrier with both component carriers active. The requirements can be tested by time aligning any transmission gaps on both the component carriers.
2.1.3.4.2 Relative power tolerance

For 2UL/3DLs inter-band CA UE, the relative power tolerance is specified on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by PUMAX as defined in subclause 6.2.5A. The requirements shall apply on each component carrier with both component carriers active. The UE transmitter shall have the capability of changing the output power independently on all component carriers in the uplink and:
a)
the requirements for all combinations of PUSCH and PUCCH transitions per component carrier is given in Table 6.3.5.2.1-1.

b)
for SRS the requirements for combinations of PUSCH/PUCCH and SRS transitions between subframes given in Table 6.3.5.2.1-1 apply per component carrier when the target and reference subframes are configured for either simultaneous SRS or simultaneous PUSCH.

c)
for RACH the requirements apply for the primary cell and are given in Table 6.3.5.2.1-1.
2.1.3.4.3 Aggregate power control tolerance

For 2UL/3DL inter-band CA UE, the aggregate power tolerance is specified on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by maximum output power as defined in subclause 6.2.2A. The requirements defined in Table 6.3.5.3.1-1 shall apply on each component carrier with both component carriers active. The requirements can be tested by time aligning any transmission gaps on both the component carriers.
2.1.4 Transmit signal quality and intermodulation

Since each band is expected to have its own transmitter for 2UL inter-band CA, transmit signal quality and transmit intermodulation requirement shall not be affected by the carrier from different band. To guarantee existing RF performance, these two requirements shall be kept unchanged for each band in 2UL inter-band CA. The requirements shall apply on each component carrier with both component carriers active.
2.1.4.1 Frequency error in CA

For inter-band carrier UL aggregation the frequency error requirements defined in frequency error section apply per component carrier.
2.1.5 Output RF spectrum emissions
For 2UL/3DL inter-band CA UE, multiple carriers from different band transmit through a common antenna simultaneously, which means the spurious emission application range should exclude out-of-band emission frequency range and channel frequency range of all carriers. The figure below illustrates the spectrum emissions application range for 2UL inter-band CA.
For occupied bandwidth, general spurious emission requirement, existing requirement for each carrier could also be reused for 2UL inter-band CA. The requirements shall apply on each component carrier with both component carriers active.

[image: image1]
Figure 2.1.5-1: Transmitter RF spectrum for inter-band CA 2UL
2.1.5.1 SEM requirements
All 2UL/3DLs inter-band CA combination under WI listed in Table 2.1.5.1-1, the minimum band gap is observed in B18+B19 of CA_1A-18A-19A, which is 67MHz. The band Gap can be applicable to reuse the conventional SEM requirements in Rel-8/9 for 2UL/3DLs inter-band CA UE.
Table 2.1.5.1-1: 2UL/3DL inter-band CA combination lists
	DL Band
Combination
	UL Band
Combination
	Frequency
	Band-Gap (FHigh_lower – Flow_upper)

	B1+B3+B5
	B1+B3 (High-High)
	2.1G+1.8G+800M
	135MHz

	
	B1+B5 (Low-High)
	
	1071MHz

	
	B3+B5 (Low-High)
	
	861MHz

	B1+B3+B8
	B1+B3 (High-High)
B1+B8 (Low-High)
B3+B8 (Low-High)
	2.1G+1.8G+900M
	135MHz

	
	
	
	1005MHz

	
	
	
	795MHz

	B1+B3+B19
	B1+B3 (High-High)
B1+B19 (Low-High)
B3+B19 (Low-High)
	2.1G+1.8G+800M
	135MHz

	
	
	
	1075MHz

	
	
	
	865MHz

	B1+B5+B7
	B1+B5 (Low-High)
B1+B7 (High-High)
B5+B7 (Low-High)
	2.1G+800M+2.6G
	1071MHz

	
	
	
	520MHz

	
	
	
	1651MHz

	B1+B18+B28
	B1+B18 (Low-High)
B1+B28 (Low-High)
B18+B28 (Low-Low)
	2.1G+800M+700M
	1090MHz

	
	
	
	1172MHz

	
	
	
	67MHz

	B1+B19+B21
	B1+B19 (Low-High)
B1+B21 (Mid-High)
B19+B21 (Low-Mid)
	2.1G+800M+1.5G
	1075MHz

	
	
	
	457MHz

	
	
	
	603MHz

	B2+B4+B12
	B2+B4 (High-High)
B4+B12 (Low-High)
	1.9G+2.1G+700M
	95MHz

	
	
	
	994MHz

	B2+B5+B13
	B2+B13 (Low-High)
	1.9G+800M+700M
	1063MHz

	B3+B7+B20
	B3+B7 (High-High)
B3+B20 (Low-High)
B7+B20 (Low-High)
	1.8G+2.6G+800M
	715MHz

	
	
	
	848MHz

	
	
	
	1638MHz

	B4+B5+B13
	B4+B13 (Low-High)
	2.1G+800M+700M
	923MHz


And also the agreed proposals for SEM in dual uplink CA also apply to 2UL/3DLs CA UE.
- Agreed proposal for SEM in dual-uplink in Rel-12
Proposal 1:  The SEM requirement for 2UL CA should be the same as that in Rel-8/9 if band-gap is larger than (fOOB_CBW_X + (fOOB_CBW_Y.
Proposal 2 : The higher PSD levels of SEM of two individual carrier should be applied in the overlapped region if band-gap is smaller than (fOOB_CBW_X + (fOOB_CBW_Y.
2.1.5.2 ACLR requirements
In the figure 2.1.5.2-1, we showed three cases for ACLR requirements for 2ULs inter-band CA. For current inter-band combinations, all deployments scenarios falls into case 1 in Figure 2.1.5.2-1 due to the large band gaps as shown in Table 2.1.5.1-1. BWGAP is frequency gap between the upper frequency of low UL CC and the lower frequency of high UL CC.
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Figure 2.1.5.2-1: ACLR requirements for dual-uplink inter-band CA
However, when considering 2ULs inter-band CA in future release such that if band gap between is less the supported channel BW as shown in the case2 and case3 of Figure 2.1.5.2-1, RAN4 can follow the ACLR requirements for intra-band non-contiguous CA in TR36.823. 
- Agreed proposal for ACLR in dual-uplink in Rel-12
Proposal 3: For UTRAACLR1 and UTRAACLR2
▪    UTRAACLR1 is required to be met in the band gap when the gap bandwidth BWGAP is 5MHz ( BWGAP.
▪    Both UTRAACLR1, UTRAACLR2 are required to be met in the gap when the gap bandwidth BWGAP is 15MHz( BWGAP
●   Proposal 4: For E-UTRAACLR
▪    E- UTRAACLR adjacent channel power measurement bandwidth equals the channel bandwidth that it is adjacent to. 

▪    In case the band gap is smaller than other of the channel bandwidth then for that channel bandwidth no E-UTRAACLR requirement is set for the band gap. 

▪    In case the band gap is smaller than either of the channel bandwidths then no E- UTRAACLR requirement is set for the band gap.

From the analysis, RAN4 can define TX requirements for 3DL/2UL CA UE as follow.
Proposal 1: Tx requirements for 3DL/2UL CA UE can reuse Tx requirements of dual-uplink CA since uplink impacts are same between2UL/2DL CA and 2UL/3DL CA. 
Reference
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Text proposal for TR 36.879-13
******************** Start of text proposal to TR 36.879-13 Chapter 5.1.4 *****************
5.1.4
General TX/RX requirements
5.1.4.1 
Tx requirements

Dual uplink Transmitter requirements already analysed in TR36.860 for dual uplink inter-band  CA.

RAN4 studied general Tx requirements [4] as follow for 3DL/2UL inter-band CA UE.
· Transmit power and PCMAX tolerance
· Output power dynamics
· Minimum Power
· Transmit Off Power
· ON/OFF Time mask
· Power Control
· Transmit signal quality and intermodulation
· Frequency error
· Output RF spectrum emissions
· SEM
· ACLR
· UE-To-UE coexistence 
From the analysis, RAN4 can define TX requirements for 3DL/2UL CA UE as follow.
Tx requirements for 3DL/2UL CA UE can reuse Tx requirements of dual-uplink CA since uplink impacts are same between2UL/2DL CA and 2UL/3DL CA. 
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